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Abstract

Nasopharyngeal carcinoma (NPC) is a squamous cell
carcinoma and arises from nasopharynx epithelium, with
a geographical and racial distribution. NPC is rare all over
the world, but particularly prevalent in Southern China.
NPC has been demonstrated to be strongly associated
with environmental factors, genetic susceptibility and viral
infection, especially Epstein–Barr virus (EBV) infection.
NPC is also radio-sensitive and chemo-sensitive. Thus,
radiotherapy and chemotherapy are traditional strategies
for NPC treatments. However, recurrence frequently
occurred in patients after NPC therapeutics. As with the
development of new scientific technologies, we get
chances to open our mind and dig deep down inside NPC
and EBV. A well-understanding of such NPC genetics, gene
aberration, non-coding RNA and EBV-associated
exosomes, is and will be very helpful for us to promote
NPC treatments or develop novel anti-NPC/anti-EBV
drugs.
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Introduction
Nasopharyngeal carcinoma (NPC) is a type of head and neck

carcinoma and arises from nasopharynx epithelium. Compared
with other cancers, NPC is rare all over the world, but unique

with a geographical and racial distribution. NPC is more
prevalent in Southern China, Southeast Asia and Notch Africa
(Figure 1) [1,2]. Generally, the incidence rate of NPC is less
than 1 case per 100,000 population per year in non-endemic
areas. However, the rate in Canton of Southern China is much
higher than the global average rate (Figures 2-4) [3-6], even as
high as 20-30 per 100 000 per year in certain area of Canton
[4]. Surprisingly, the incidence rates are very low in the
neighboring Korea and Japan, [2,7]. These indicate that NPC
are related to the endemic regions and races. And even NPC
was so called as “Cantonese cancer” [8]. As reported, the
salted food, smoked meats and other preserved foods that
people traditionally take in the endemic regions are believed
to have a strong connection with high NPC incidence [2,7]. The
modern studies and the accumulated evidences have also
identified that NPC initiation and progression is strongly
associated with genetic susceptibility and viral infection,
besides environmental factors. However, NPC has no obvious
symptoms in the early stage, or early symptoms are usually
ignored because these early clinical symptoms such as nasal
congestion, nasal mass and headache are very similar to cold
or flu [7]. Thus, most NPC cases are diagnosed at the late
stage, directly resulting in a tough challenge for the effective
NPC treatments. Patients with advanced NPC are commonly
treated with radiotherapy and chemotherapy due to NPC is
radio and chemo-sensitive by comparing with other head and
neck carcinomas [7,8]. With scientific advance and technologic
progress, novel strategies such as targeted therapy and
immunotherapy have been counted on for the future NPC
treatments.
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Figure 1 The endemic regions of nasopharyngeal carcinoma
(NPC) in Asia.

Figure 2 The incidence of nasopharyngeal carcinoma (NPC)
in rural and urban areas of China. The data were derived
from references [5,6].

Figure 3 The mortality of nasopharyngeal carcinoma (NPC)
in rural and urban areas of China. The data were derived
from references [5,6].

Figure 4 The incidence and mortality of nasopharyngeal
carcinoma (NPC) in Southern China, the endemic regions.
The data were derived from references [5,6].

The Classification of Nasopharyngeal
Carcinoma

Nasopharyngeal carcinoma (NPC) is rare epithelial and
squamous cell carcinoma. Based on the difference of NPC cell
differentiation, NPC was primarily classified as three subtypes
(Type I, II and III) by the World Health Organization (WHO) [1].
The differentiated and keratinizing squamous cell carcinoma
was categorized as type I NPC. These NPC cells are well
differentiated and can produce keratin. This type of NPC was
typically found in the older adult population. Type 2 NPC was
categorized to the differentiated and non-keratinizing
squamous cell carcinoma, with type III being undifferentiated
and non-keratinizing squamous cell carcinoma. More than 95%
of NPC cases in Southern China are type II and III or non-
keratinizing carcinomas. Both types II and III NPC are
extremely associated with Epstein–Barr virus (EBV), with the
infection of EBV being absent in type I NPC [1,2,7]. Up to the
difference of NPC growth or metastasis, doctors further used
TNM staging system (T: Tumor, N: Node, M: Metastasis) to
describe the differences of NPC growth or metastasis. Usually,
there are five different stages including stage I, II, III, IVA and
IVB [8], or more detailed stages (stage 0, I, II, III, IVA, IVB and
cancer recurrence) according to the TNM staging system. In
TNM system, each part of TNM was described more details.
NPC tumors (T) were staged as T1, T2, T3, and T4 based on
tumor size and location. Based on whether NPC spreads to
lymph nodes, Nodes (N) were staged as N0, N1, N2 and N3.
M0 and M1 stage were assigned for whether NPC metastasizes
or not (American Society of Clinical Oncology (ASCO), website:
https://www.cancer.net).

The Causes of Nasopharyngeal
Carcinoma

It has been documented that NPC development is strongly
associated with three key etiological factors, including
environmental factors such as chemical carcinogens and toxic
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pollutants, genetic susceptibility and viral infection,
particularly, EBV infection [4,8]. We will discuss more details
below.

Environmental factors
Although NPC is rare across all the world, NPC is prevalent in

the endemic regions (Canton, Guangxi, Fujian, and Hunan etc.)
of Southern China [5,6]. People over there have a long-term
traditional custom that they like to eat the salted foods,
smoked foods and preserved foods [2,7]. These foods contain
the mutagenic chemicals, particularly volatile nitrosamines
that can induce carcinogenesis. Canton and Guangxi may be
the most prevalent ones of the NPC endemic regions (Figure
4). Scientists did survey and comparison among the Cantonese
descendants living in the United States and the Cantonese
living in China and the local Americans. They found that the
NPC incidence of the Cantonese descendants in the United
States is higher than that of the local Americans but lower
than that of the Cantonese living in China. Meanwhile, people
in the poor suburban areas usually work hard under poor
environment and have long-term exposure to toxic pollutants
such as dust, paint, smoke and gas. These also increase the
NPC risk [3,4]. Other studies reported that the NPC incidence
in Hong Kong was decreased due to that the local residents
changed their eating habits and reduced their consumption of
the traditional foods, particularly the salted fish [4,8].
Furthermore, the NPC incidence in Northern China is much
lower than that in Southern China (Figure 4) [2,4-6]. These
findings support that environmental factors are strongly
related to NPC and play critical roles in initiating NPC
development.

Genetic susceptibility
The previous studies have documented the strong

association of genetic susceptibility with NPC occurrence. The
NPC occurrence and incidence are regional, ethnic and genetic
influence. The incidence of NPC in Cantonese descendants
living in the United States was higher than that of local
Americans. A person with a NPC family history is also NPC
susceptible and has a much higher incidence of NPC than an
ordinary person. And a person with low immunity is prone to
NPC risk. People with EB infection also belong to the
susceptible NPC population. Some genomic aberrations and
epigenetic alterations that involved in immune response,
inflammation, infection and oncogenesis are tightly associated
with the increased risk of NPC in the endemic areas. The
human leukocyte antigen (HLA) genes locating on
chromosome 6p21, with high polymorphisms and many
different alleles, encode major histocompatibility complex
(MHC) that are cell surface proteins playing the key role of
regulating the immune system and triggering body immune
response against viral infection. The previous NPC studies
among Chinese in Southern China showed that genetic
variants in HLAs were associated with NPC susceptibility,
resulting in an increase of NPC cases [9,10].

In recent years, more evidences have revealed the
associations of genetic alterations with NPC development as

the use of various new genetic/epigenetic tools and
technologies. The genetic and epigenetic alterations were
frequently founded in tumor tissues/cells of NPC patients. In
Dr. Fu’s study, the next generation sequencing and analysis
showed that the genetic aberrations affected ErbB-
phosphatidylinositol-3 kinase signaling in NPC. The allele of
cyclooxygenase-2 (COX-2) rs5275 polymorphisms promoted
the overexpression of COX-2 in NPC clinical stages in Chinese
population, indicating the COX-2 gene variant rs5275 is related
to the increased risk of NPC [11]. Inflammation has been
demonstrated as a candidate risk factor in NPC tumorigenesis.
The interleukin 13 gene (IL-13) that modulates inflammation
was found to be susceptible to NPC in the Chinese population.
IL-13 rs20541 polymorphisms affected the metastasis of lymph
nodes in NPC patients [12]. Genetic analysis disclosed that
single nucleotide polymorphisms (SNPs) of GRP78 gene were
associated with NPC Chinese patients. The rs3216733
polymorphisms of the GRP78 gene promoter may be NPC
susceptible [13]. Another study showed that the monocyte
chemoattractant protein-1 (MCP-1) belonging to the cysteine-
cysteine chemokine family was also related to NPC
susceptibility. The rs1024611 polymorphisms of the MCP-1
promoter increased NPC risk [14]. The polymorphisms of both
dendritic cell-specific intercellular adhesion molecule-3
grabbing nonintegrin-related (DC-SIGNR) and dendritic cell-
specific intercellular adhesion molecule 3-grabbing nonintegrin
(DC-SIGN) also act as the risk factors in NPC development
[15,16]. DC-SIGN SNPs rs7252229, rs4804803, and rs735240
showed their possibility to increase NPC risk in the Chinese
population [16].

Meanwhile, there are many non-coding RNAs (ncRNAs) that
are non-coding gene transcripts and are not translated into
proteins, including microRNAs, long non-coding RNAs
(lncRNAs), small interfering RNAs (siRNAs) and so on. Some of
them such as microRNAs and lncRNAs play critical roles in NPC
progression and metastasis [17-19]. As reported,
microRNA-153 affected NPC tumor cell viability via targeting
TGF-β [20] and mircoRNA-629 promoted NPC tumor cell
proliferation and migration via targeting PDCD4 [21].
Knockdown of microRNA-342-3p suppressed NPC tumor cell
growth and invasion via targeting FOXQ1 [22]. MicroRNA-183
and microRNA-141 are potential risk factors for poor prognosis
in NPC patients [23]. LncRNAs are non-coding transcribed RNA
molecules with more than 200 nucleotides. A number of
studies showed that the dys-regulation of lncRNAs functioned
in NPC development [19]. Knockdown of the lncRNA DANCR
promoted NPC cell invasion and metastasis via interacting with
NF90/NF45 complex and stabilizing HIF-1α [24]. LncRNA
LOC284454 promoted NPC invasion via modulating Rho/Rac
signaling [25]. Both lncRNA LINC00319 and LncRNA CCAT1
might play an oncogenic role in NPC [26,27]. These new
findings may help to design novel therapeutic strategies.

Viral infection
Viral infection, particularly Epstein–Barr virus (EBV)

infection, has been demonstrated to be a critical etiological
factor in NPC pathogenesis. EBV, the human B-lymphotropic
herpesvirus, presents in over 90% of human beings worldwide
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and normally lasts for whole life without diseased harm. EBV
infection are particularly connected with the non-keratinizing
types II and III NPC, which account for more than 95% of all
NPC cases in Southern China, with the absence of EBV
infection in type I NPC cases [3,4]. EBV is also less detected in
other head and neck squamous cell carcinomas. Interestingly,
EBV is also detected in NPC tumor cells, not in normal
nasopharyngeal epithelial cells. Various well-known EB viral
oncoproteins including EBV latent membrane proteins (LMP1,
LMP2A and LMP2B), EBV nuclear antigens (EBNAs) (EBNA1,
EBNA2, 3A, 3B, 3C and -LP), EBV-encoded small RNSs (EBERs)
(EBER1 and EBER2), the BamHI A rightward transcripts (BARTs),
have been well studied in many NPC studies [1,3,4,17]. Their
expressional aberrance in NPC is well connected with NPC
development and plays the important roles in NPC
progression.

High risky EBV variants characterized by distinct
polymorphisms in the EBER locus are reported to have a strong
association with NPC [28]. EBV variants with high genetic risk
score are found to be much more prevalent in Chinese of Hong
Kong than individuals of other geographic regions and also
more in NPC than in other EBV-associated cancers. In his study,
Verhoeven reported that NF-κB signaling modulated the
expression of EBV BamHI-Q-driven EBNA1 in NPC. NF-κB
signaling and EBNA1 might maintain a regulatory balance
between EBV latent gene expression and NF-κB activity [29].
EBV reactivation changed the balance between EBV and host
body and induced NPC pathogenesis. However, EBV-positive
NPC is very sensitive to radiotherapy and chemotherapy [8].

EBV is strongly related to NPC in endemic areas as described
above. With the application of next generation sequencing and
other modern technologies, various EBV noncoding RNAs have
been discovered. Some of these EBV RNAs displayed their
effects on NPC tumor growth and progression. One study
showed that EBV noncoding RNAs from the extracellular
vesicles of NPC tumor cells promoted angiogenesis via
modulating TLR3/RIG-I-mediated VCAM-1 [30]. Another study
proved that EBV-encoded miRNA miR-BART1-5P promoted
NPC angiogenesis via regulating AMPK/mTOR/HIF1 signaling in
a PTEN-independent manner [31]. EBV-encoded miRNA miR-
BART13 was upregulated in NPC tissues. This miRNA could
promote NPC cell proliferation, tumor growth and metastasis
via targeting NKIRAS2/NF-κB signaling [32]. In other studies,
the differences in cancer gene copy number alterations (CNAs)
between EBV-positive and EBV-negative NPC showed the
divergence in oncogenesis. The CNAs occurred more in EBV-
negative NPC than in EBV-positive NPC [33]. By analyzing the
hypermethylation of tumor-suppressive gene promoter, the
hypermethylation of both genes RASSF1A and ESR1 was more
frequent in EBV-positive NPC, with that of gene DAPK1 more
frequent in EBV-negative NPC. The hypermethylation of
RASSF1A might decrease overall survival (OS) rate in EBV-
positive NPC, and induce the pathogenesis of EBV-infected
NPC [34].

Besides the existence of EBV in majority of NPC cases,
particularly type II and III, in the endemic areas, human
papillomavirus (HPV) was also observed to be involved in NPC,

particularly EBV-absent type I NPC. HPV may act as an etiologic
factor in EBV-negative and non-keratinizing NPCs among
Caucasians in the non-endemic areas. Ruuskanen et al.
investigated the prevalence of EBV and HPV in 150 NPC
Caucasian patients in Finnish. They found that 62% of NPC
patients were EBV-positive, with 14% being HPV-positive and
24% being negative for both. Their OS rates were higher in
EBV-/HPV-positive patients than in EBV/HPV-negative
patients. Both EBV and HPV may be the important prognostic
factors for NPC in non-endemic areas [35]. Maxwell et al also
demonstrated that HPV may be the etiologic factor in certain
EBV-negative and non-keratinizing NPC patients in North
Americans [36]. Meanwhile, Huang and his team analyzed the
incidence of HPV-associated NPC in Southern China, the NPC
endemic area. In total 1328 patients, 92% were EBV-positive,
7.7% were HPV-positive, with only 0.6% being co-infected with
both EBV and HPV. They found that the prevalence and
coincidence of EBV and HPV in NPC patients was extremely
low. However, the EBV-negative and HPV-positive NPC patients
showed better local tumor control and survival after
radiotherapy [37]. These studies suggest that HPV infection is
involved in NPC progression. Moreover, the infection of EBV
and HPV seems like they are exclusive [7,35,36].

Therapeutic Treatments
NPC is prevalent in certain areas worldwide, with the

involvement of multiple factors including genetic susceptibility,
EBV infection and environmental exposure to chemical
carcinogens. Patients at early stage of NPC have no obvious
symptoms, with the most recognized symptoms being neck
swelling, nasopharyngeal mass, nasal congestion, headache,
cranial nerve palsy etc. These symptoms may be misjudged as
flu or most likely ignored. Thus, patients are at late stage of
NPC once they have been diagnosed. Besides surgery, patients
are usually treated with radiotherapy and chemotherapy due
to NPC is highly radio-sensitive and chemo-sensitive [8].
Certain novel therapies such as EBV-based immunotherapy,
epigenetic therapy, EBV-based gene therapy and targeted
therapy, have also been applied for the NPC treatments [4,8].
In his study, Zhang reported that ATR (ATM (ataxia
telangiectasia mutation) and Rad-3 related) activated by EBV
facilitated resistance to cisplatin or 5-fluorouracil in NPC
chemotherapy [38]. ATR knockdown may effectively treat EBV-
positive and chemotherapy-resistant NPC [38].

Currently, immunotherapy such as the drugs associated with
PD-L1 (programmed death ligand 1) and PD-1 (PD-L1 receptor)
are popular and well known across the world. In their study,
Liu et al. found that the low expression of PD-L1 acted as an
independent adverse prognostic factor for disease-free
survival (DFS) while the high expression of PD-L1 acted as an
independent prognostic factor for OS. Their findings supported
a strong correlation of the low PD-L1 expression with local
recurrence in EBV-positive NPC after radiotherapy [39]. In
another study, EBV-encoded miRNA was found to increase
radiotherapy resistance in NPC treatments. Upregulatiion of
EBV miRNA or miR-BART4 promoted NPC tumor cell
proliferation and NPC progression and consequently result in
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radiotherapy resistance while downregulation of miR-BART4
inhibited cell proliferation and metastasis and further
facilitated NPC radiotherapy sensitivity [40]. NPC is radio-
sensitive, but has a high frequency of failures in NPC
treatments due to NPC metastasis. Thus, the failures in NPC
treatments frequently result in NPC recurrence. In another
study, both CDX2 (Caudal type homeobox 2) and NOX4
(NADPH oxidase 4) were found to be associated with NPC
recurrence [41]. The expression of CDX2 and NOX4 was
detected in recurrent NPC tumor tissues, but not in other NPC
tumor tissues. Thus, targeting these proteins or blocking the
associated signaling networks may be a potential and novel
therapeutics for the treatments of patients with NPC
recurrence [41]. Fibronectin is an extracellular matrix
glycoprotein and plays a key role in cell growth, cell migration
and cell differentiation. Fibronectin 1 promoted NPC cell
migration and invasion via increasing the expression of MMP2
and MMP9. Moreover, the high expression of fibronectin 1
suppressed cell apoptosis in NPC via increasing the expression
of BCL2 and the nuclear localization of P65. Thus, Fibronectin 1
may be a potential target for new anti-NPC drug development
[42]. EBV reactivation and genomic instability are associated
with NPC progression. EBV immediate-early protein BRLF1 is a
transcriptional activator. BRLF1 was found to induce the switch
from latency to lytic viral replication in the EBV infection cells,
resulting in genomic instability and malignancy in NPC.
Therefore, targeting BRLF1 may be a new and potential drug
strategy [43].

Exosomes are naturally membrane-derived nanovesicles
with their range of 30-100 nm in diameter. Exosomes are
released by many types of cells and secreted into the
extracellular environments [44]. Exosomes can carry proteins,
DNA, microRNAs, other small molecule compounds.
Particularly, tumor cell-derived exosomes contain tumor-
specific antigens and tumor-associated biomarkers. Moreover,
exosomes are well tolerated, with lower toxicity and less
immunogenicity. These provided potential opportunities for
the development of exosome-based therapeutics [44,45].
Particularly, in EBV-positive NPC, EBV product-containing
exosomes may be used as diagnostic markers and therapeutic
targets for EBV-positive NPC [44,45]. These exosomes have
been widely used as drug delivery vehicles in cancer
treatment, implicating a possible use in NPC therapeutics.

Conclusion
NPC is different from other head and neck carcinomas, with

majority of NPC cases being in the limited endemic areas,
particularly in Southern China, and being infected with EBV.
Although NPC is radio-sensitive and chemo-sensitive, NPC
recurrence after radiotherapy and chemotherapy frequently
occurs with the failures of treatments. It is urgent need to
develop novel therapeutic drugs or technologies. EBV plays
critical roles in NPV development. It is important and
necessary to unravel EBV and EBV-associated signaling
network. This will help to promote the traditional treatments
or develop novel therapeutics. For instance, EBV infection is
strongly associated with NPC while this virus primarily

targeting B-lymphocytes and epithelial cells [46]. It is
promising to develop EBV-targeting immunotherapy.
Meanwhile, a focus in these new fields as exosomes, non-
coding RNAs, receptor-targeted drugs, could be considered for
the potential drug development.
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