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Abstract 
Nasopharyngeal carcinoma is a malignant tumor of the 

upper respiratory tract's epithelial cells that is more 

common in Southeast Asia, the Middle East, and 

North Africa than elsewhere in the world. According 

to research, Epstein-Barr virus plays an important part 

in the development of this cancer.Persistent EBV 

infection in nasopharyngeal epithelial cells promotes 

tumorigenesis by activating key signaling pathways, 

including NF-κB and PI3K/AKT, via viral genes such 

as LMP1 and EBERs. This leads to cell cycle 

dysregulation, immune evasion, and enhanced 

survival of malignant cells. EBV has been shown to 

generate specific circular RNAs (circRNAs) from the 

BART and RPMS1 regions, including circRPMS1 and 

circBART2.2, which modulate host miRNAs, trigger 

immune-related pathways such as IRF3/NF-κB, and 

upregulate PD-L1, thereby facilitating immune 

escape, invasiveness, and tumor progression. This 

review, based on a comprehensive search of Google 

Scholar, PubMed, and SID databases up to 2025, 

summarizes the role of EBV and its circRNAs in the 

initiation and progression of nasopharyngeal 

carcinoma. 
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Introduction 
Nasopharyngeal carcinoma is an uncommon 

malignant tumor of the upper respiratory system that 

develops from the epithelium of the posterior nasal 

cavity and upper pharynx. Unlike other head and neck 

cancers, the incidence of this tumor is quite low in 

Europe and the United States [1]. While it is 

substantially more common in Southeast Asia, 

southern China, the Middle East, and some parts of 

North Africa [2]. Nasopharyngeal cancer has a low 

frequency in Iran, with few occurrences reported. 

However, because of the late detection in advanced 

stages and the high metastatic potential, this 

malignancy can cause severe death. This 

heterogeneous geographical pattern is mainly 

attributed to the interaction of genetic, environmental, 

and infectious factors [3]. The Epstein-Barr virus 

(EBV) is essential in the development and progression 

of nasopharyngeal carcinoma (NPC). Persistent EBV 

infection in posterior nasopharyngeal epithelial cells 

causes the production of viral proteins and RNAs such 

as LMP1, LMP2, and EBER. This mechanism 

increases cellular signaling pathways, including NF-

κB, PI3K/AKT, and JAK/STAT, which promote 

malignant cell survival. Epigenetic changes, such as 

hypermethylation of tumor suppressor genes and 

deregulation of immunological mediators, can 

contribute to disease progression [4]. Because of the 

tumor's great radiosensitivity, the conventional 

treatment for NPC is radiation coupled with 

concomitant chemotherapy. Recent breakthroughs, 

however, have focused on the development of targeted 

treatments and immunotherapies, notably PD-1/PD-

L1 axis inhibitors, which have the potential to increase 

antitumor immune responses and patient outcomes. 

Furthermore, circular RNAs (circRNAs), a unique 

type of non-coding regulatory molecules, have lately 

received a lot of interest. These covalently closed RNA 

structures, which lack a 5' cap and a 3' tail, are 

exceptionally stable within cells and serve a variety of 

regulatory activities. They can, for example, operate as 

microRNA sponges, preventing gene silence, 

modulating gene transcription, and regulating protein 

activity via direct interactions. The study of circRNAs 

in EBV-associated NPC is crucial because they may 

give insights into unique molecular pathways of 

carcinogenesis, act as diagnostic or prognostic 

biomarkers, and uncover possible therapeutic targets 

[5]. Thus, the purpose of this study is to investigate the 

involvement of circRNAs in EBV-associated 

nasopharyngeal cancer, with an emphasis on the 

underlying molecular processes. 

Methods 
To conduct this review, data and relevant articles were 

systematically searched in the SID, Irandoc, Magiran, 

Google Scholar, Web of Science, PubMed, and Scopus 

databases up to 2025. Keywords used included: 

circular RNAs, nasopharyngeal carcinoma, Epstein–

Barr virus, molecular mechanisms, clinical 

perspectives. The retrieved studies covered a range of 

basic and clinical research that investigated the role of 

circular RNAs in nasopharyngeal carcinoma, their 

association with Epstein–Barr virus infection, and the 

molecular pathways involved in these molecules. 

Nasopharyngeal carcinoma 
The first published autopsy report of a malignant 

nasopharyngeal tumor was in 1901 by a pathologist 

named Pearson William Hooper in Hong Kong. 

Nasopharyngeal carcinoma is a malignant epithelial 

tumor that originates in the posterior part of the nasal 

cavity and upper pharynx and is most commonly 

reported in Southeast Asia, particularly among the 

Cantonese population of Guangdong, China [6, 7]. 

The tumor cells of this carcinoma are typically 

epithelial in nature, possessing large nuclei with 

prominent nucleoli and exhibiting variable 

morphology. In the non-keratinizing form, extensive 

infiltration of lymphocytes and inflammatory cells 

within the tumor tissue is observed, producing a 
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lymphoepithelioma-like appearance, whereas the 

keratinizing form, which is less common, is 

characterized by layers and plaques of keratin. The 

tumor architecture often consists of clusters and nests 

of cells, lacking a well-defined boundary with the 

surrounding healthy tissue [8]. Clinically, 

nasopharyngeal carcinoma is often asymptomatic in 

its early stages, but as the disease progresses, patients 

may develop a neck mass caused by enlarged lymph 

nodes, epistaxis, blood in saliva, diplopia, hearing 

loss, tinnitus, nasal congestion, headache, sore throat, 

recurrent ear infections, and facial numbness [9]. The 

rate of concomitant distant metastases in native 

patients has been found to range between 6% and 8%. 

Combining therapy with high-dose local 

chemotherapy and radiotherapy can improve overall 

survival in patients with newly metastatic 

nasopharyngeal carcinoma, and local therapy is also 

used in metastatic stages to reduce primary tumor 

volume, control metastases, and relieve symptoms 

[10]. 

Factors in Nasopharyngeal Carcinogenesis 
In addition to the critical involvement of the Epstein-

Barr virus in the development of nasopharyngeal 

carcinoma, various lines of evidence have shown the 

relevance of genetic and somatic changes in this 

illness. Candidate gene studies have revealed that 

MHC class I genes, such as HLA-A, HLA-B, and HLA-

C, are most significantly related to the chance of 

getting this cancer [11, 12]. Furthermore, somatic 

changes in its major regulatory gene, NLRC5, have 

been found in around 30% of patients, which are 

linked with a poor prognosis. These changes enable 

Epstein-Barr virus-infected cells to evade host defense 

by altering the antigen presentation pathway [13, 14]. 

On the other hand, acquired mutations and genetic 

alterations play a crucial role in the initiation and 

progression of this carcinoma. Specifically, deletion or 

promoter methylation of p16 has been observed in 

nearly all cases of nasopharyngeal carcinoma, leading 

to disruption of cell cycle regulation and facilitating 

persistent Epstein–Barr virus infection [15]. 

Moreover, methylation and mutations of RASSF1A are 

associated with genomic instability [16]. In addition, 

novel fusion genes such as UBR5–ZNF423 and 

FGFR3–TACC3 have been identified, which possess 

oncogenic potential and may represent promising 

therapeutic targets in the future [17, 18]. 

Epstein-Barr virus 
 Epstein-Barr virus is a herpesvirus with a double-

stranded DNA genome that infects B-lymphocytes and 

spreads predominantly through saliva. The virus was 

initially described in 1964, and it is expected that more 

than 95% of individuals globally will be infected at 

some time in their life. The virus can cause infectious 

mononucleosis [19]. After entering the body, it reaches 

B lymphocytes and epithelial cells via surface 

receptors and, by triggering alterations in B 

lymphocytes, turns some of them into memory cells. It 

then stays dormant in the body until awakened under 

particular conditions. The most important method of 

transmission is close oral contact and sharing of 

infected food or utensils; however, it has also been 

recorded through transplantation or blood products 

[20].  Almost the entire adult population of the globe 

is infected with this virus, while the distribution of 

infection varies by age and geography. For example, 

in Iran, around 81% of persons carry Epstein-Barr 

virus IgG antibodies, with this rate increasing to more 

than 95% in those over the age of 40. In China, more 

than half of children are infected by the age of three, 

and the figure rises to more than 90% by the age of 

nine [21]. Clinical manifestations may be 

asymptomatic or accompanied by signs such as fever, 

fatigue, sore throat, and enlargement of lymph nodes 

and the spleen [22]. Diagnostic methods are primarily 

based on serological tests, including VCA-IgM and 

VCA-IgG [23]. There is no specific treatment for this 

virus, and supportive care constitutes the mainstay of 

patient management; however, corticosteroids may be 

used to control complications in severe cases. The 

overall prognosis is favorable, and most patients 

recover, although prolonged fatigue is considered the 

most common residual complaint [24]. 

Mechanisms of Epstein–Barr virus 

carcinogenesis in nasopharyngeal carcinoma 
This virus infects nasopharyngeal epithelial cells and 

B lymphocytes at the same time. The virus's ability to 

remain and spread throughout the human body is 

guaranteed by the infection cycle between these two 

cell types. Epstein-Barr virus triggers cell division in 

B lymphocytes by binding to the gp350 protein of the 

CD21 receptor, also known as complement receptor 

type 2. In primordial epithelial cells, this binding is 

less strong, and infection often does not result in 

immortalization or cell proliferation. Nonetheless, 

Epstein-Barr virus has been found to be present in 

precancerous epithelium and nasopharyngeal lesions, 

together with the expression of lytic genes, viral cycle 

genes, and an elevated host antibody response, 

indicating a potential involvement for the virus in the 

early phases of carcinogenesis [25]. The entry of the 

virus into nasopharyngeal epithelial cells requires 

direct cell-to-cell contact, and receptors such as 

Neuropilin 1 and non-muscle myosin heavy chain IIA 

have been identified as mediators of viral entry into 

epithelial cells. Furthermore, it has been demonstrated 

that glycoprotein B interacts with Neuropilin 1 to 

facilitate internalization and fusion, while non-muscle 

myosin heavy chain IIA interacts with the glycoprotein 

H/L complex, enabling the virus to penetrate the 

epithelium [26]. Following viral penetration, two 

mechanisms for latent or lytic infection are initiated. 

During latent infection, several genes are active, 

including latent membrane proteins 1 and 2, Epstein-

Barr virus nuclear antigen 1, and virus-encoded RNAs. 

These genes control key cellular signaling pathways, 

such as nuclear factor kappa B, Janus kinase/signal 

transducer and activator, and phosphatidylinositol-3-

kinase. Latent membrane protein 1 activates nuclear 
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factor kappa B, which boosts cell survival gene 

expression and interleukin 6 synthesis, stimulating the 

transcription factor 3 pathway and promoting cancer 

cell development. Nuclear factor kappa B also 

suppresses the virus's lytic cycle, stabilizing latent 

infection. Mutations in inhibitors of this pathway are 

seen in about 40% of nasopharyngeal patients, causing 

prolonged activation and replacing the high expression 

of latent membrane protein 1 [27]. Epigenetic changes 

are one of the most important elements of Epstein-Barr 

virus (EBV) oncogenesis. The virus silences tumor 

suppressor genes such p16, RASSF1A, and CDH1by 

activating DNA methyltransferases and modifying 

chromatin structure, affecting cell cycle regulation, 

DNA repair, and apoptosis [28, 29]. Furthermore, viral 

non-coding RNAs, such as EBERs and BART 

microRNAs, affect signaling pathways and help to 

inhibit the host immune system [30]. EBERs prevent 

cell death by decreasing eIF2α phosphorylation and 

increasing inflammatory cytokine production via Toll-

like receptor 3 activation. BART microRNAs, on the 

other hand, shield infected cells against natural killer 

cell and cytotoxic T-cell assaults by inhibiting major 

histocompatibility complex class I molecules and 

cellular stress factors [31]. Epstein–Barr virus can 

induce cancer stem cell-like properties in 

nasopharyngeal cells. Latent membrane proteins 1 and 

2A increase the expression of stemness markers such 

as CD44, SOX2, BMI1, and OCT4 by activating the 

Hedgehog, PI3K/AKT, and NOTCH3 pathways. 

These changes result in increased resistance to 

chemotherapeutic drugs, increased ability to form cell 

spheres, and redifferentiation in in vitro models and 

xenografts. Cells with these stemness properties 

typically have higher viral loads and overexpress 

latent genes such as EBER1 and latent membrane 

protein 1, suggesting a direct link between latent virus 

infection and stemness-like properties [32, 33]. 

Circular RNAs (circRNAs) 
CircRNAs are a class of non-coding RNAs that, 

instead of having a linear structure like mRNAs, form 

a covalently closed loop through a head-to-tail 

junction. This circular configuration renders 

circRNAs devoid of a 5′ cap and a 3′ polyadenylated 

tail, making them more resistant to degradation by 

nucleases and therefore more stable than linear RNAs 

[34]. These RNAs were first identified in the Sendai 

virus, a murine respiratory virus, and later in plant 

pathogenic viruses known as viroids. The first 

physical evidence for the existence of circular RNAs 

was obtained in 1979 using electron microscopy in the 

cytoplasmic fraction of eukaryotic cells, HeLa cells, 

and later in 1986 in the HDV virus. Viral genomes 

with a circular structure possess a unique feature that 

enables them to efficiently produce multiple RNA 

copies and enhance infection propagation through the 

“rolling circle” replication mechanism [35]. In the 

back-splicing process, a downstream 5′ splice donor 

site is joined in reverse orientation to an upstream 3′ 

splice acceptor site, resulting in the formation of a 

closed, covalently continuous molecule arranged in a 

head-to-tail configuration, known as circRNA. Owing 

to their circular structure, these molecules are 

protected from degradation by nucleases and exhibit 

greater stability than linear RNAs. Moreover, by 

altering the order of genomic information, circRNAs 

contribute to increased diversity in gene expression 

within eukaryotic cells [36]. 

Mechanisms of action of circRNAs in cancer 
These RNAs are able to regulate multiple cellular 

pathways and play an important role in cancer. One of 

the main mechanisms is the recruitment and inhibition 

of microRNAs; by this function, circRNAs block the 

activity of miRNAs that normally target tumor 

suppressor genes, resulting in increased expression of 

oncogenic genes. In addition, circRNAs can alter 

mRNA stability and translation by binding to RNA-

binding proteins and activate pathways related to 

proliferation and survival [37].  

Several studies on thyroid malignancies have 

demonstrated that upregulation of circ_0025033 

promotes cellular proliferation and invasion by 

sequestering miR-1231 and miR-1304 [38]. Some 

circRNAs even possess the ability to encode short 

peptides that directly enhance pre-oncogenic 

pathways [39]. Furthermore, circRNAs can protect 

cells from programmed cell death by inhibiting pro-

apoptotic proteins or activating anti-apoptotic genes. 

In fact, these molecules form complex interaction 

networks with miRNAs, proteins, and mRNAs, 

resulting in increased proliferation, apoptosis 

resistance, and cancer progression. Consequently, 

circRNAs have attracted significant attention as 

potential therapeutic targets and cancer biomarkers 

[40]. For instance, in pancreatic cancer, exosomal circ-

IRAS has been shown to enhance cellular permeability 

and metastasis by downregulating miR-122 and ZO-1 

while upregulating RhoA, RhoA-GTP, and F-actin 

[41]. 

The role of some non-coding RNAs in 

nasopharyngeal cancer 
Despite the use of various treatment methods such as 

radiotherapy, surgery, and different treatment 

combinations, as well as the benefits of chemotherapy 

combined with radiotherapy in advanced stages, some 

patients still do not have a favorable prognosis. This is 

mainly due to the late detection of the disease, local 

recurrence, and the development of distant metastases. 

In addition, the resistance of cancer cells to 

radiotherapy is one of the main challenges in 

treatment. Side effects caused by treatment, such as 

upper gastrointestinal problems and bone marrow 

suppression, reduce patient tolerance and ultimately 

lead to a decrease in quality of life and limit the life 

expectancy of patients. With progress in 

understanding tumor biology, the interaction between 

the virus and the host cell, and genetic factors, new 

avenues have opened for the development of targeted 

therapies. Therefore, a deeper understanding of the 

molecular mechanisms and characteristics of the 
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disease is essential for designing efficient therapeutic 

approaches [42]. One of the main focuses of modern 

research in this field is non-coding RNAs, including 

miRNA, lncRNA, and circRNA. These molecules 

regulate gene expression at the epigenetic, 

transcriptional, and post-transcriptional levels, 

forming a complex network of molecular interactions 

that influence processes such as proliferation, 

migration, metastasis, and drug resistance in 

nasopharyngeal cancer [43]. 

MicroRNAs (miRNAs) are short RNA molecules, 

typically 19 to 25 nucleotides in length, that regulate 

gene expression by binding to the 3′ untranslated 

region (3′-UTR) of target mRNAs, thereby inhibiting 

translation or promoting mRNA degradation. 

Depending on their functional role, miRNAs can act 

either as tumor suppressors or oncogenes. Notably, 

EBV is the first identified human virus capable of 

encoding specific viral miRNAs. These miRNAs are 

abundantly expressed in infected cells and play crucial 

roles in maintaining viral latency, modulating host 

gene expression, and facilitating immune evasion by 

the virus. Research evidence suggests that EBV-

encoded miRNAs can target the expression of host 

mRNAs involved in processes such as cell 

proliferation, apoptosis, and cellular phenotype 

change. Furthermore, by inhibiting the expression of 

viral antigens, these miRNAs prevent infected cells 

from being recognized by immune cells, thereby 

contributing to the virus's escape from the immune 

response [44]. 

Long non-coding RNAs (lncRNAs), which are longer 

than 200 nucleotides, are predominantly expressed in 

the nucleus and participate in various biological 

processes such as chromatin remodeling, splicing, 

translation, and mRNA stability through interactions 

with DNA, RNA, or proteins. In nasopharyngeal 

carcinoma (NPC), many lncRNAs exhibit altered 

expression levels, with some, such as MEG3, LET, 

and LINC0086, functioning as tumor suppressors. 

Downregulation of these lncRNAs promotes enhanced 

proliferation, cell migration, and treatment resistance 

[45]. For instance, MEG3 is often silenced by 

promoter hypermethylation or gene deletions, and its 

re-expression can inhibit cell growth, induce 

apoptosis, and reduce tumorigenicity. 

Many of these molecules act as miRNA sponges, 

thereby modulating key regulatory pathways. For 

example, lncRNAs such as NEAT1 and XIST regulate 

miRNA–mRNA axes, including miR-34a-5p, which 

play critical roles in controlling cell growth and 

resistance mechanisms. Recent studies have 

demonstrated that EBV infection can modulate these 

regulatory pathways either through its own viral 

miRNAs or by altering the expression of host 

lncRNAs such as NEAT1 and XIST ultimately 

enhancing tumorigenesis and promoting the survival 

of infected cells [46]. 

circRNAEpstein–Barr virus in association 

with nasopharyngeal carcinoma 

The virus (EBV/HHV-4) is the first virus identified to 

produce circRNA in its genome. This oncogenic virus 

has a large DNA genome (~172 kb) containing over 80 

ORFs, several miRNAs, and long non-coding 

RNAs.In recent years, researchers have applied RNA 

sequencing to total RNA from EBV-positive cell lines, 

such as SNU-719, AGS-EBV, C666-1, and Akata, 

identifying a repertoire of viral circular RNAs .One of 

these molecules, ebv_circ_RPMS1, was observed in 

both the nuclear and cytoplasmic compartments. After 

infection, the circular EBV genome persists in the host 

cell nucleus as an episome, interacting with viral 

proteins and associating with host chromosomes [47].  

These episomes are methylated, chromatinized, and 

transmitted to daughter cells, and can be considered 

analogous to additional chromosomes when analyzing 

viral transcripts. The number of episomes per cell 

varies and depends on the phase of the viral life cycle, 

including latent and lytic phases [47]. Additionally, 

Toptan et al. reported the presence of a set of viral 

circRNAs, referred to as circBARTs, across all EBV 

latency types, including in nasopharyngeal carcinoma 

cells. These findings indicate that circBARTs likely 

play a key role in viral oncogenesis and in maintaining 

EBV infection [48]. Studies have shown that these 

viral circRNAs are derived from transcripts of the 

BART and RPMS1 regions of the virus and contribute 

to the development and progression of nasopharyngeal 

cancer through several molecular pathways. One of 

the most important mechanisms is the sponging of 

cellular microRNAs. CircRNAs such as circRPMS1 

have sequences that are complementary to, and trap, 

host tumor suppressor miRNAs such as miR-203, 

miR-31, and miR-451. As a result, these miRNAs 

cannot repress their target mRNAs, and the expression 

of proto-oncogenes is increased [49].   

In 2019, a study investigated the role of the Epstein–

Barr virus-derived circular RNA, circRPMS1, in 

nasopharyngeal carcinoma. Using patient tissue 

samples along with in vitro and in vivo experiments, 

the researchers evaluated the impact of this molecule 

on cell proliferation, apoptosis, invasion, and 

metastasis. The results demonstrated that circRPMS1 

levels were elevated in metastatic tumors and 

correlated with reduced patient survival. Knockdown 

of circRPMS1 inhibited cell growth, promoted 

apoptosis, and reduced cellular invasion in EBV-

infected cells. Furthermore, it was found that 

circRPMS1 contributes to tumorigenesis by sponging 

multiple miRNAs and promoting epithelial–

mesenchymal transition [50]. In addition, some studies 

have shown that a viral circRNA can interact with 

cellular RNA recognition proteins, such as RIG-I, and 

alter immune signaling pathways. As a result, the 

transcription of certain immune response regulatory 

genes, such as PD-L1, is increased, enabling the tumor 

to gain immune evasion. Ge et al., in a comprehensive 

study, showed that circBART2.2, encoded by the 

BART region of the virus, binds to RIG-I and leads to 

increased PD-L1 transcription in NPC cells through 
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the activation of the IRF3/NF-κB pathways, providing 

a clear mechanism for tumor immune evasion [51]. 
EBV also suppresses the tumor immune environment 

by increasing B7-H3 expression and impairing NK 

cell function, combined with immunoregulation by 

circRNAs. Metabolomic studies and animal models 

have also shown that EBV can keep circRNA-related 

pathways active and promote NPC malignancy 

progression through stimulation of glycolysis and lipid 

metabolism [18]. 

Circular RNAs are capable of interacting with RNA-

binding proteins (RBPs) and transcription factors, 

forming complex molecular assemblies. These 

interactions can influence mRNA stability, translation 

efficiency, and the activity of signaling factors, 

thereby modulating key cellular pathways such as NF-

κB, JAK/STAT, and those associated with cell survival 

and apoptosis. Evidence from viral studies indicates 

that EBV-derived circRNAs can directly interact with 

RBPs, and several reviews and research articles have 

detailed the mechanisms involved in RBP–circRNA 

interactions in oncogenic processes [52]. In addition, 

circRNAs can be packaged into exosomes and 

transferred between cells. Through this mechanism, 

their cargo including viral or host circRNAs can 

reprogram neighboring cells, such as fibroblasts, 

immune cells, or endothelial cells, thereby remodeling 

the tumor microenvironment to favor tumor growth 

and survival. Extensive evidence suggests that 

circRNAs are stable within exosomes and can function 

as mediators of intercellular signaling. Multiple 

studies in nasopharyngeal carcinoma have 

demonstrated that exosomes can induce treatment 

resistance, maintain stemness features, and promote 

immunosuppression [53]. For example, research 

indicates that exosomal circPARD3 can enhance 

stemness and cisplatin resistance in EBV-miR-

BART4-induced side population NPC cells. In the 

cancer tissues and cell lines, circPARD3 was 

upregulated along with SIRT1 and SSRP1, while miR-

579-3p was downregulated. CircPARD3 exhibited a 

positive correlation with SIRT1 and SSRP1 and a 

negative correlation with miR-579-3p. The function of 

exosomal circPARD3 is mediated through the miR-

579-3p/SIRT1/SSRP1 axis: miR-579-3p reverses the 

effects of circPARD3, SIRT1 enhances SSRP1 

expression via H3K4 methylation, and SSRP1 

suppression counteracts the SIRT1-mediated 

induction of stemness and resistance. These findings 

suggest that the transfer of circRNAs via exosomes 

can prime the tumor microenvironment to support 

NPC cell growth and therapeutic resistance [54]. 

Furthermore, some circRNAs contain open reading 

frames (ORFs) and start sites, as well as m^6A or 

internal ribosome entry sites (IRES), enabling the 

translation of short peptides (circRNA-encoded 

peptides). These peptides may possess novel signaling 

activities that contribute to apoptosis suppression or 

activation of growth-promoting pathways [55]. 

Functional differences between viral and host 

circRNAs in nasopharyngeal carcinoma  
Although circRNAs derived from the host genome and 

circRNAs derived from viruses both play a role in 

regulating gene expression, cellular stability, and 

controlling immune responses, they have many 

differences in structure, pathways of action, and 

biological consequences, including the greater 

stability of EBV-derived viral circRNAs. In fact, these 

circRNAs have the property of evading host immunity 

and promoting the survival of infected cells [56]. 

Moreover, these circRNAs, through their miRNA 

sponge function, can directly interact with host nuclear 

proteins, leading to epigenetic reprogramming that 

creates a favorable environment for the proliferation 

and immortalization of infected epithelial cells [57]. 

Another distinctive feature of viral circRNAs is their 

dual role in latent and lytic infection. Specifically, 

viral circRNAs alter their expression in response to 

cellular stress, lytic induction, or anticancer 

treatments. This adaptive expression highlights their 

active participation in the viral life cycle and the 

ability of cancer cells to adjust to the 

microenvironment [58]. 

Conclusions 
 Epstein-Barr virus is one of the causative agents that 

plays a fundamental role in the development and 

progression of this malignancy by creating a complex 

interaction between the viral genome and the host cell. 

Studies on viral and host circRNAs have provided 

cancer researchers with a new perspective in 

understanding the molecular mechanisms of this 

malignancy. These circRNAs not only play a role in 

regulating the expression of key genes and signaling 

pathways, but also contribute to the creation of a 

treatment-resistant environment through interactions 

with miRNAs, proteins, and exosomes. In addition, 

the expression of many viral circRNAs, such as 

circRPMS1 and circBART2.2, is associated with 

progression, metastasis, and poor prognosis in patients 

with malignancy, and they can be used for early 

diagnosis of this malignancy and assessment of 

treatment response. 

References  
[1] Guo, Ling-Ling, Hai-Yun Wang, Li-Sheng Zheng, 

Ming-Dian Wang, Yun Cao, Yang Li, Zhi-Jie Liu et al., 

2021. Metastasis of nasopharyngeal carcinoma: What 

we know and do not know. Visualized Cancer 

Medicine 2, 4. 

[2] Hui, Edwin P., Sing F. Leung, Joseph SK Au, 

Benny Zee, Stewart Tung, Daniel Chua, Wai M. Sze, 

Chun K. Law, To W. Leung, and Anthony TC Chan, 

2004. Lung metastasis alone in nasopharyngeal 

carcinoma: a relatively favorable prognostic group: a 

study by the Hong Kong Nasopharyngeal Carcinoma 

Study Group. Cancer 101(2), 300-306. 

[3] Safavi-Naini, Ali, Nasim Raad, Jahangir Ghorbani, 

Samira Chaibakhsh, and Rashid Ramezani-Daryasar, 

2015. Incidence trends and geographical distribution 



International Journal of Innovative Research In Humanities 

Vol.5, NO.2 , P:136-143 

Received: 10 November 2025  

Accepted: 18 January 2026 

 

 

 

141 

 

of nasopharyngeal carcinoma in Iran. Iranian Journal 

of Cancer Prevention 8(1), 24. 

[4] Su, Zhi Yi, Pui Yan Siak, Chee-Onn Leong, and 

Shiau-Chuen Cheah, 2023. The role of Epstein–Barr 

virus in nasopharyngeal carcinoma. Frontiers in 

Microbiology 14, 1116143. 

[5] Johnson, David, and Brigette BY Ma, 2021. 

Targeting the PD-1/PD-L1 interaction in 

nasopharyngeal carcinoma. Oral Oncology, 113, 

105127. 

[6] Liang, Ying-Ying, Xu-Bin Deng, Xian-Tao Lin, Li-

Li Jiang, Xiao-Ting Huang, Zhi-Wen Mo, Ya-Wei 

Yuan, and Muy-Teck The, 2020. RASSF1A inhibits 

PDGFB-driven malignant phenotypes of 

nasopharyngeal carcinoma cells in a YAP1-dependent 

manner. Cell Death & Disease 11(10), 855. 

[7] Ou, S-HI, J. A. Zell, A. Ziogas, and H. Anton-

Culver, 2007. Epidemiology of nasopharyngeal 

carcinoma in the United States: improved survival of 

Chinese patients within the keratinizing squamous cell 

carcinoma histology. Annals of Oncology 18(1), 29-

35. 

[8] Putti, Thomas Choudary, Kong-Bing Tan, 

Bingcheng Wu, and Fredrik Petersson, 2023. 

Pathology of nasopharyngeal carcinoma 2023, 1-11. 

[9] Sun, Xue-Song, Xiao-Yun Li, Qiu-Yan Chen, Lin-

Quan Tang, and Hai-Qiang Mai, 2019. Future of 

radiotherapy in nasopharyngeal carcinoma. The 

British Journal of Radiology 92(1102), 20190209. 

[10] Lo, Simon S., and Jiade J. Lu, Natural history, 

presenting symptoms, and diagnosis of 

nasopharyngeal carcinoma. Nasopharyngeal Cancer: 

Multidisciplinary Management. Berlin, Heidelberg: 

Springer Berlin Heidelberg, 2010. 41-51. 

[11] Ning, Lvwen, Josephine Mun-Yee Ko, Valen 

Zhuoyou Yu, Hoi Yan Ng, Candy King-Chi Chan, 

Lihua Tao, Shiu-Yeung Lam et al., 2020. 

Nasopharyngeal carcinoma MHC region deep 

sequencing identifies HLA and novel non-HLA 

TRIM31 and TRIM 39 loci. Communications 

Biology 3(1), 759. 

[12] Tian, Wei, FaMing Zhu, JinHong Cai, LiXin Li, 

HeKun Jin, and WenYi Wang, 2020. Multiple low‐

frequency and rare HLA‐B allelic variants are 

associated with reduced risk in 1,105 nasopharyngeal 

carcinoma patients in Hunan province, southern 

China. International Journal of Cancer 147(5), 1397-

1404. 

[13] Gan, Chai Phei, Sau Yee Kok, Bernard Kok Bang 

Lee, Natasha Zulaziz, Sok Ching Cheong, Natalia 

Savelveya, and Kue Peng Lim, 2025. Cancer vaccine 

overcomes immune evasion of nasopharyngeal 

carcinoma by restoring MHC-I through transcriptional 

regulation of NLRC5. Reprint, 1-10. 

[14] Bruce, Jeff P., Ka-Fai To, Vivian WY Lui, Grace 

TY Chung, Yuk-Yu Chan, Chi Man Tsang, Kevin Y. 

Yip et al., 2021. Whole-genome profiling of 

nasopharyngeal carcinoma reveals viral-host co-

operation in inflammatory NF-κB activation and 

immune escape. Nature Communications 12(1), 4193. 

[15] Shimizu, Yuri, Naoya Murakami, Taisuke Mori, 

Kana Takahashi, Yuko Kubo, Seiichi Yoshimoto, 

Yoshitaka Honma et al., 2022. Clinical impact of p16 

positivity in nasopharyngeal 

carcinoma. Laryngoscope Investigative 

Otolaryngology 7(4), 994-1001. 

[16] Liang, Shujun, Fan Tang, Xia Huang, Kaifan 

Yang, Tao Zhong, Runyue Hu, Shangqing Liu, Xinrui 

Yuan, and Yu Zhang, 2019. Deep-learning-based 

detection and segmentation of organs at risk in 

nasopharyngeal carcinoma computed tomographic 

images for radiotherapy planning. European 

Radiology 29(4), 1961-1967. 

[17] Chung, Grace TY, Raymond WM Lung, Angela 

BY Hui, Kevin YL Yip, John KS Woo, Chit Chow, 

Carol YK Tong et al., 2013. Identification of a 

recurrent transforming UBR5–ZNF423 fusion gene in 

EBV‐associated nasopharyngeal carcinoma. The 

Journal of Pathology 231(2), 158-167. 

[18] Yuan, Li, Shibing Li, Qiuyan Chen, Tianliang 

Xia, Donghua Luo, Liangji Li, Sailan Liu et al., 2022. 

EBV infection-induced GPX4 promotes 

chemoresistance and tumor progression in 

nasopharyngeal carcinoma. Cell Death & 

Differentiation 29(8), 1513-1527. 

[19] Nowalk, Andrew, and Michael Green, 2016. 

Epstein-barr virus. Microbiology spectrum 4(3), 10-

1128. 

[20] Saha, Abhik, and Erle S. Robertson, 2019. 

Mechanisms of B-cell oncogenesis induced by 

Epstein-Barr virus. Journal of Virology 93(13), 10-

1128. 

[21] Solomay, Tatyana V., and Tatyana A. Semenenko, 

2022. Epstein–Barr viral infection is a global 

epidemiological problem. Problems of 

Virology 67(4), 265-277.  

[22] Kristiansen, Miriam Skjerven, Julie Stabursvik, 

Elise Catriona O'Leary, Maria Pedersen, Tarjei Tørre 

Asprusten, Truls Leegaard, Liv Toril Osnes et al., 

2019. Clinical symptoms and markers of disease 

mechanisms in adolescent chronic fatigue following 

Epstein-Barr virus infection: An exploratory cross-

sectional study. Brain, Behavior, and Immunity 80, 

551-563. 

[23] Nishio, Miwako, Minori Saito, Mayumi 

Yoshimori, Yuki Kumaki, Ayaka Ohashi, Eri Susaki, 

Ichiro Yonese, Megumi Sawada, and Ayako Arai, 

2024. Clinical significance of anti-Epstein–Barr virus 

antibodies in systemic chronic active Epstein–Barr 

virus disease. Frontiers in Microbiology 14, 1320292. 

[24] Gershburg, Edward, and Joseph S. Pagano, 2005. 

Epstein–Barr virus infections: prospects for 

treatment. Journal of Antimicrobial 

Chemotherapy 56(2), 277-281. 

[25]48) Tsao, Sai Wah, Chi Man Tsang, and Kwok Wai 

Lo, 2017. Epstein–Barr virus infection and 

nasopharyngeal carcinoma. Philosophical 

Transactions of the Royal Society B: Biological 

Sciences 372(1732), 20160270. 



International Journal of Innovative Research In Humanities 

Vol.5, NO.2 , P:136-143 

Received: 10 November 2025  

Accepted: 18 January 2026 

 

 

 

142 

 

[26] Gu, Yong-Yao, Bin Luo, Chun-Yao Li, Lan-Shan 

Huang, Gang Chen, Zhen-Bo Feng, and Zhi-Gang 

Peng, 2019. Expression and clinical significance of 

neuropilin-1 in Epstein-Barr virus-associated 

lymphomas. Cancer Biomarkers 25(3), 259-273. 

[27] Eliopoulos, Aristides G., Maria Stack, 

Christopher W. Dawson, Kenneth M. Kaye, Liz 

Hodgkin, Sim Sihota, Martin Rowe, and Lawrence S. 

Young, 1997. Epstein–Barr virus-encoded LMP1 and 

CD40 mediate IL-6 production in epithelial cells via 

an NF-κB pathway involving TNF receptor-associated 

factors. Oncogene 14(24), 2899-2916. 

[28] Torres, Keila, Natalia Landeros, Ignacio 

Wichmann, Allan Peñaloza-Otárola, Iva 

Polakovicova, Vinicius Maracaja-Coutinho, Maria 

Jose Maturana, Franz Villaroel-Espindola, and 

Alejandro Corvalan, 2020. An additive effect of ebv-

miR-BART5-5p and hsa-miR18a-5p in the 

downregulation of CDH1 transcript in Epstein-Barr 

virus associated gastric cancer. Cancer 

Research 80(16_Supplement), 1400-1400. 

[29] Yang, Ling, Meini Li, Guiming Xie, Xian Wu, 

Mingxiong Qin, Birong Guo, and Jingyue Zhang, 

2025. Role of ebv-circRPMS1–p53 interaction in the 

proliferation and clinical progression of Epstein–Barr 

virus-associated gastric carcinoma. Virus Research, 

360, 99617. 

[30] Yuan, Lie, Ling Zhong, Claude Krummenacher, 

Qinjian Zhao, and Xiao Zhang, 2025. Epstein–Barr 

virus-mediated immune evasion in tumor 

promotion. Trends in Immunology 46(5), 386-402. 

[31] Nanbo, Asuka, and Kenzo Takada, 2002. The role 

of Epstein–Barr virus‐encoded small RNAs (EBERs) 

in oncogenesis. Reviews in Medical Virology 12(5), 

321-326. 

[32] Chen, Jiezhong, 2012. Roles of the PI3K/Akt 

pathway in Epstein-Barr virus-induced cancers and 

therapeutic implications. World Journal of 

Virology 1(6), 154. 

[33] Li, Yu, Lian-Xiang Li, and Ying Gao, 2024. The 

Role of Notch Signaling Pathway in Adult Patients 

with Epstein-Barr Virus-induced Infectious 

Mononucleosis. Zhongguo Shi Yan Xue Ye Xue Za 

Zhi 32(3), 920-926. 

[34] Chen, Ling-Ling, and Li Yang, 2015. Regulation 

of circRNA biogenesis. RNA Biology 12(4), 381-388. 

[35] Patop, Ines Lucia, Stas Wüst, and Sebastian 

Kadener, 2019. Past, present, and future of circ RNA 

s. The EMBO Journal 38(16), e100836. 

[36] Cai, Jingsheng, Zonghao Qiu, William Chi‐Shing 

Cho, Zheng Liu, Shaoyi Chen, Haoran Li, Kezhong 

Chen, Yun Li, Chijian Zuo, and Mantang Qiu, 2024. 

Synthetic circRNA therapeutics: Innovations, 

strategies, and future horizons. MedComm 5(11), 

e720. 

[37] Panda, A. C., 2018. Circular RNAs act as miRNA 

sponges. Circular RNAs: Biogenesis and Functions 

2018, 67-79. 

[38] Pan, Yanhui, Tingting Xu, Yuanzhi Liu, Weiwei 

Li, and Wei Zhang, 2019. Upregulated circular RNA 

circ_0025033 promotes papillary thyroid cancer cell 

proliferation and invasion via sponging miR-1231 and 

miR-1304. Biochemical and Biophysical Research 

Communications 510(2), 334-338. 

[39] Zang, Jiankun, Dan Lu, and Anding Xu, 2020. 

The interaction of circRNAs and RNA binding 

proteins: an important part of circRNA maintenance 

and function. Journal of Neuroscience Research 98(1), 

87-97. 

[40] Saadh, Mohamed J., Hadi Mohammed 

Ehymayed, Tuqa S. Alazzawi, Ali A. Fahdil, Zainab H. 

Athab, Bekhzod Yarmukhamedov, Hayder Hamid 

Abbas Al-Anbari, Mohammed Mohsin Shallal, Fahad 

Alsaikhan, and Bagher Farhood, 2025. Role of 

circRNAs in regulating cell death in cancer: a 

comprehensive review. Cell Biochemistry and 

Biophysics 83(1), 109-133. 

[41] Li, Jie, Zhonghu Li, Peng Jiang, Minjie Peng, Xi 

Zhang, Kai Chen, Hui Liu, Huaqiang Bi, Xiangde Liu, 

and Xiaowu Li, 2018. Circular RNA IARS (circ-

IARS) secreted by pancreatic cancer cells and located 

within exosomes regulates endothelial monolayer 

permeability to promote tumor metastasis. Journal of 

Experimental & Clinical Cancer Research 37(1), 177. 

[42] Sun, Guochen, Feng Liu, Maryam Lesany, and 

Sara Nemati, 2024. Comprehensive analysis of 

recently discovered lncRNA-associated competing 

endogenous RNA network in nasopharyngeal 

carcinoma. Pathology-Research and Practice 258, 

155314. 

[43] Xiao, Jiaxin, and Xiusheng He 2021. Involvement 

of non-coding RNAs in chemo-and radioresistance of 

nasopharyngeal carcinoma. Cancer Management and 

Research 8781-8794. 

[44] Wang, Man, Fei Yu, Wei Wu, Yu Wang, Han Ding, 

and Lili Qian, 2018. Epstein-Barr virus-encoded 

microRNAs as regulators in host immune 

responses. International Journal of Biological 

Sciences 14(5), 565. 

[45] Zhang, Senmiao, Yanling Li, Shuyu Xin, Li Yang, 

Mingjuan Jiang, Yujie Xin, Yiwei Wang, Jing Yang, 

and Jianhong Lu, 2022. Insight into LncRNA-and 

CircRNA-Mediated CeRNAs: regulatory network and 

implications in nasopharyngeal carcinoma—a 

narrative literature review. Cancers 14(19), 4564. 

[46] Ji, Yuqing, Man Wang, Xueshen Li, and Fusheng 

Cui, 2019. The long noncoding RNA NEAT1 targets 

miR-34a-5p and drives nasopharyngeal carcinoma 

progression via Wnt/β-catenin signaling. Yonsei 

Medical Journal 60(4), 336-345. 

[47] Huang, Jun-ting, Jian-ning Chen, Li-ping Gong, 

Yuan-hua Bi, Jing Liang, Lu Zhou, Dan He, and Chun-

kui Shao, 2019. Identification of virus-encoded 

circular RNA. Virology 529, 144-151. 

[48] Toptan, Tuna, Bizunesh Abere, Michael A. 

Nalesnik, Steven H. Swerdlow, Sarangarajan 

Ranganathan, Nara Lee, Kathy H. Shair, Patrick S. 

Moore, and Yuan Chang, 2018. Circular DNA tumor 

viruses make circular RNAs. Proceedings of the 



International Journal of Innovative Research In Humanities 

Vol.5, NO.2 , P:136-143 

Received: 10 November 2025  

Accepted: 18 January 2026 

 

 

 

143 

 

National Academy of Sciences 115(37), E8737-

E8745. 

[49] Lei, Fanghong, Tongda Lei, Yun Huang, Mingxiu 

Yang, Mingchu Liao, and Weiguo Huang, 2020. 

Radio-susceptibility of nasopharyngeal carcinoma: 

focus on Epstein-Barr virus, microRNAs, long non-

coding RNAs and circular RNAs. Current Molecular 

Pharmacology 13(3), 192-205. 

[50] Liu, Qianwen, Mingxia Shuai, and Yong Xia, 

2019. Knockdown of EBV-encoded circRNA 

circRPMS1 suppresses nasopharyngeal carcinoma cell 

proliferation and metastasis through sponging 

multiple miRNAs. Cancer Management and Research 

2019, 8023-8031. 

[51] Ge, Junshang, Jie Wang, Fang Xiong, Xianjie 

Jiang, Kunjie Zhu, Yian Wang, Yongzhen Mo et al., 

2021. Epstein–Barr virus–encoded circular RNA 

CircBART2. 2 promotes immune escape of 

nasopharyngeal carcinoma by regulating PD-

L1. Cancer Research 81(19), 5074-5088. 

[52] Tagawa, Takanobu, Vishal N. Kopardé, and 

Joseph M. Ziegelbauer, 2021. Identifying and 

characterizing virus-encoded circular 

RNAs. Methods 196, 129-137. 

[53] Han, Zeping, Huafang Chen, Zhonghui Guo, Jian 

Shen, Wenfeng Luo, Fangmei Xie, Yu Wan, Shengbo 

Wang, Jianhao Li, and Jinhua He, 2022. Circular 

RNAs and their role in exosomes. Frontiers in 

Oncology 12, 848341. 

[54] Ai, Jingang, Guolin Tan, Wei Li, Honghui Liu, 

Tieqi Li, Gehou Zhang, Zheng Zhou, and Yu Gan, 

2023. Exosomes loaded with circPARD3 promotes 

EBV-miR-BART4-induced stemness and cisplatin 

resistance in nasopharyngeal carcinoma side 

population cells through the miR-579-

3p/SIRT1/SSRP1 axis. Cell Biology and 

Toxicology 39(2), 537-556. 

[55] Xu, Weihua, Zhichao Ma, Wei Gong, Shengmiao 

Fu, and Xinping Chen, 2025. Functional mechanisms 

of circular RNA-encoded peptides and future research 

strategies and directions in nasopharyngeal 

carcinoma. International Journal of Oncology 67(4), 

82. 

[56] Yuan, Li, Zhi-Hua Liu, Zhi-Rui Lin, Li-Hua Xu, 

Qian Zhong, and Mu-Sheng Zeng, 2014. Recurrent 

FGFR3-TACC3 fusion gene in nasopharyngeal 

carcinoma. Cancer Biology & Therapy 15(12), 1613-

1621. 

[57] Awasthi, Prankur, Arjun Singh Kohli, Manish 

Dwivedi, and Saba Hasan, 2025. Implications of EBV-

Encoded and EBV-Related miRNAs in 

Tumors. Current Gene Therapy 25(5), 567-585. 

[58] Tsurumi, Tatsuya, Masatoshi Fujita, and Ayumi 

Kudoh, 2005. Latent and lytic Epstein‐Barr virus 

replication strategies. Reviews in Medical 

Virology 15(1), 3-15. 

 


