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Summary

Nasopharyngeal carcinoma (NPC) is a rare variety of head and neck cancers. The risk factors
include three major causes: genetic factors, viral infection, and environmental and dietary
factors. The types of NPC show strong ethnic and geographic variations. The keratinizing
and non-keratinizing types are prevalent in the lower incidence regions like North America
and Europe; whereas the undifferentiated type is mostly found in the regions with higher
incidences like China, North Africa, Arctic, and Nagaland of North-East India. These suggest
a possible major role of the internal genetic factors for generation and promotion of this
disease. Viral infections might accelerate the process of carcinogenesis by helping in cellular
proliferation and loss of apoptosis. Diet and other environmental factors promote these
neoplastic processes and further progression of the disease occurs.
Keywords: Nasopharyngeal carcinoma, incidence, ethnic variation, undifferentiated NPC, NorthEast India

1. Introduction
Nasopharyngeal carcinoma (NPC) is a rare cancer which
starts at the mucosal epithelium of the nasopharynx
and in the minor salivary glands present there. It is a
box-like chamber located near the base of the skull and
lying above the soft palate of the mouth; and it covers
the upper region of the throat behind the nose (Figure
1A). According to WHO (World Health Organization),
there are 3 types of NPC based on histopathological
classification: keratinizing squamous cell carcinoma,
non-keratinizing differentiated carcinoma, and
undifferentiated carcinoma. The incidence of each of
these types shows regional preferences; each specific
type is seen more often in some areas of the world than
in others. It has been reported that the keratinizing
and non-keratinizing types are prevalent in the lower
incidence regions, whereas the undifferentiated type
is mostly found in the regions with higher and/or
moderately higher incidences (1-8). The diagnosis,
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classification, and staging of NPC are done by
microscopic examinations as well as by searching for
the presence of distant metastases. In 2005, the updated
edition of WHO classification of NPC describes three
types of NPC: keratinizing squamous cell carcinoma,
non-keratinizing carcinoma, and basaloid squamous
cell carcinoma (2). The first variant is invasive type
showing squamous differentiation with intercellular
bridges and/or keratinisation over most of the tumor.
Advanced tumors in local regions and low metastases to
the lymph nodes are the key characteristics of this NPC.
Lower association of EBV is also seen here. This type
is further classified in well differentiated, moderately
differentiated and poorly differentiated varieties. Nonkeratinizing carcinoma of NPC is subdivided into the
differentiated type of and undifferentiated type; of
which the undifferentiated type is more prevalent in the
high-incidence regions. Overall, this is the major type of
NPC seen throughout the world. In the undifferentiated
variety, the cells have vesicular nuclei, large nucleoli,
and less distinct cell borders making the cell clusters
look syncytial and overlapping. A huge amount of
lymphocytes and plasma cells are found in these cell
clusters; thereby disrupting the epithelial nature of
the tumor. The differentiated variety shows cellular
stratification and is uncommon in the high-incidence
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Figure 1. Origin and causes of nasopharyngeal carcinoma.
(A). L o c a t i o n o f n as o p h ary n x a n d s ite o f o rigin of
nasopharyngeal carcinoma (NPC). Nasopharynx is a boxlike chamber located near the base of the skull and lying
above the soft palate of the mouth; and it covers the upper
region of the throat behind the nose. NPC generally starts at
the mucosal epithelium of it. (B). The risk factors of NPC
include genetic factors like HLA antigens, viral infection with
Epstein-Barr virus (EBV) or Human papilloma virus (HPV),
and environmental and dietary factors like ill-ventilation and
consumption of preserved foods.

regions. The third type, basaloid squamous cell
carcinoma, is very rare and harbor closely packed small
cells with hyperchromatic nuclei without nucleoli, and a
small amount of cytoplasm (2,6,9). Stages differ by the
depth of invasion of the soft tissue and bony structures
at and near the nasopharynx, degree of presence of
affected cranial nerves, and the involvement of local and
regional lymph nodes of the head and neck (1-3,9-11).
One of the major problems associated with NPC is
the detection of the disease at an early stage, so that it
can be cured. It is one of the most confusing and poorly
understood diseases; and so, is commonly misdiagnosed.
In most of the times the disease is detected at a very
late stage; thereby recurrence cannot be avoided.
Metastases form secondary tumors at distant places
making the condition even worse. In females, formation
of secondary tumors in cervix due to early metastasis
sometimes helps in diagnosis and treatment plan. The
signs and symptoms of NPC include lump(s) in the
neck, hearing loss, recurrent ear infection, stuffiness,
headache, blurred vision, nosebleeds, etc. Microscopic
examination is the primary type of detection method.
This is complemented by other tests like physical
examinations, endoscopic nasopharyngeal examinations,
and computed tomography (CT) imaging or magnetic
resonance imaging (MRI). But confirmation by biopsy is
the “gold standard” for the diagnosis of NPC (6,9,12-17).
Once diagnosed, NPC is treated by radiation therapy (RT)
as well as chemotherapy drugs like cisplatin, carboplatin,
5-fluorouracil, docetaxel, paclitaxel, etc. Sometimes
a tumor is removed by surgery and then RT and/or
chemotherapy are followed. Novel treatment techniques
like precision radiotherapy, endoscopic surgery, transoral
robotic resection, immunotherapy, etc. are being

practiced recently (18-24). Nowadays, the staging with
any metastasis is diagnosed properly by the help of
endoscopy, MRI, PET and CT scans; and then fusion
images are formed from different modalities. These are
then used for advanced targeted therapies like intensitymodulated RT (IMRT) and adjuvant chemotherapy. As
NPC involves various signaling pathways inside the
cells, a few inhibitors are being tested. For example,
gefitinib and erlotinib for epidermal growth factor
receptor (EGFR) and sorafenib for tyrosine-kinase are
being tested. Recently, humanized monoclonal antibodies
like nimotuzumab against EGFR and bevacizumab
against vascular endothelial growth factor (VEGF) are
also being tested in clinical trials (22-24).
The risk factors of this cancer includes 1) family
history and genetic factors (25); 2) ethnicity, as the
incidence is much higher in some populations compared
to others (4-7,25); 3) dietary factors, as consumption
of saltine fish and meat is seen in affected populations
(6,7,12,25-27); 4) habits, like smoking and alcohol
consumption (25,28,29); 5) gender, as it is seen twice
more often in males than females (25,30-32); 6) and
infection with EBV (Epstein-Barr virus) or HPV (human
papilloma virus) (25,29,33-34) (Figure 1B). Globally,
nasopharyngeal carcinoma (NPC) is an uncommon
cancer accounting for about 0.7% of all cancers. In
endemic areas like Southern China, Northern Africa,
Alaska and Southeast Asia, the annual incidence is as
high as 0.02-0.03% in males and about 0.01-0.015% in
females, and the commonest form is undifferentiated
carcinoma; whereas in North America and Europe,
this incidence is much lower (0.001%) and the other
forms of NPC are seen (1-3,7). In the present report, we
will review the risk factors of NPC responsible for the
higher incidence in some regions of the world and their
consequences.
2. Dietary factors, lifestyle and environment
contribute to the disease
NPC has a remarkable ethnic and geographical
distribution; seen mainly in the Cantonese people in
South East Asia, Eskimos in the Arctic, and Arabs in
North Africa (1-3,7,35,36). The etiology of this disease
involves a complex interaction of genetic factors, viral
infection, and environmental factors including diet;
of which, the environmental factors appear to have a
relatively minor role contributing to the promotion of
the disease (35). Diet, habits of smoking and/or alcohol
consumption, and lifestyle contribute to the disease in the
high-incidence races and each of these factors has gained
experimental supports (6,7,12,25-29).
2.1. Dietary factors
Consumption of Cantonese salted fish has been
suspected as a possible etiological factor in NPC. The
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high incidence of this disease in Chinese population in
China and Chinese migrated to other regions suggests
that the dietary habit of these ethnic groups might play
a contributory role in formation and/or promotion
of this disease. Consumption of salt-preserved food,
particularly at the time of weaning, is widely reported to
be associated with NPC. Irrespective of the geographic
location, two distinct peaks are seen: one in the early
adolescence period (15-24 years), and the other in
middle age (65-79 years). This suggests that internal
genetic factors are the main players for the generation
of the disease in these low-incidence populations. But
in high-incidence regions, certain dietary materials
and lifestyle add to the internal genetic factors, making
the entire population much more susceptible to the
disease (4,7,8,10,25-35). Children who were fed on saltpreserved fish and other foods starting at the time of
weaning are more prone to get the disease at a younger
age, generally within 14-19 years. On the other hand,
children who were fed on fresh fruits and vegetables
are less susceptible. In search for the reason behind
such diet, presence of nitrosamines in Cantonese
salted fish is suggested to be the main culprit as it can
develop carcinoma of the nasal or paranasal cavities in
rats fed on Cantonese salted fish (37-40). Continuous
consumption of such nitrosamine containing foods
helps accumulation of this chemical in the fat cells
near nasopharynx. Later it promotes the detoxifying
mechanisms of the cells of the body, particularly in the
cells of the nasal and paranasal cavities as the smell
of the food reaches these areas fast, and generation
of procarcinogens are accelerated (38-41). Also, the
inefficient process of salt preservation makes food items
partially putrefied and such foods are consumed months
later. Staphylococci and other bacteria including the
nitrate-reducing bacteria grow during the process of salt
preservation and turn the nitrates and nitrites of the salt
to N-nitroso compounds like N-nitrosodimethylamine
(NDMA), N-nitrosodiethylamine (NDEA),
N-nitrosopyrrolidine (NYPR), and N-nitrosopiperidine.
Chemical nitrosation after consumption of salt-preserved
fish may also occur under the acidic pH of the stomach.
As a result, nitrosamines are again accumulated in high
amounts (42,43). Salt-dried fish also contains various
mutagens, genotoxins, and EBV-reactivating substances
like 2-chloro-4-methylthiobutanoic acid (CMBA)
and tyramine (42-46). In high-incidence populations
in Tunisia, South-China and Greenland, a relatively
high level of volatile nitrosamine has been detected in
common food items (47). Similarly, presence of NDMA,
NDEA, NYPR, and benzo (a) pyrene (BaP) in smokedried fish and meat may serve as a cause of NPC in the
Nagas of North-East India and other populations. People
of Nagaland of North-East India consume smoke-dried
meat which is used as a preserved food. Usually meat
to be dried is placed on a bamboo shelf hanging over
the fire place used for cooking. This process is again
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very inefficient and makes the meat partially putrefied.
Extract of smoke-dried meat has been reported to be
mutagenic in Salmonella typhimurium and clastogenic
in mammalian test system. It can cause skin papilloma
and systemic tumours in mice (48,49). Other preserved
food items, including eggs, fruits, and vegetables
may also increase the risk of NPC. Also, childhood
exposure of preserved food items at weaning is strongly
correlated with this disease. It has been suggested that
consumption of fresh fruits, vegetables and meat might
help in prevention of NPC, particularly in children
(50,51). A report based on Turkish population shows
that consumption of French fries, fried meat, and herbal
tea are associated with the elevated risk of it. Moreover,
in rural areas, people with low-income groups hardly
follow a healthy and regular meal pattern; such an
irregular meal pattern increases the risk of getting
this disease (52). Volatile and non-volatile nitroso
compounds found in preserved foods thus play a vital
role in the formation of NPC.
2.2. Habits
Habits like smoking and alcohol consumption are
also tested as the risk factors of NPC. For alcohol
consumption, there is no conclusive data. Some
literatures report no correlation (26) and some report
a strong correlation with heavier intake of alcohol and
association of NPC (26,52,53). Smoking, on the other
hand, has been reported widely as a strong risk factor
for developing NPC (52,53-55). Another habit of use
of herbal nasal medicine by the people of Nagaland in
Northeast (NE) India has been reported recently as one
of the risk-factors for NPC (49). Use of herbal tea in
China has also been included as a risk factor of NPC (27).
These herbal products contain natural carcinogens like
pyrrolizidine alkaloids (PAs), tannins, safrole, etc. Each
of these has been found to be mutagenic on bacterial,
shrimp, and mouse models. Furthermore, most of the
rural Naga people and many Africans in Kenya live in
ill-ventilated houses, and they burn oak, pine and other
wood for heating, lighting and/or cooking purposes
throughout the day; thereby inhale the thick smoke
continuously. Such living and dietary habits contribute
to the etiology of this cancer (27,52,56,57).
2.3. Environmental inhalants
A number of environmental inhalants may play a
significant role in the promotion of nasopharyngeal
carcinoma. Formaldehyde is well known to cause
heritable mutagenic effects on DNA of mice and
deletions in human DNA, while point mutations are
more common in E. coli DNA. Base-substitution and
frame-shift mutations are also reported for formaldehyde.
Deposition of cotton dust or wood dust in the nasal
epithelium may activate the detoxifying processes and
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might generate procarcinogens. Various reports show
that inhalation of formaldehyde in printing industries,
exposure to cotton dust and combustion in textile
industries, exposure to wood dust, and working in illventilated rooms increase the risk of the disease (57-59).
3. Infectious factors control the interplay between
external and internal factors
Epstein-Barr virus and human pappillomavirus, both
have been reported to be associated with nasopharyngeal
carcinoma (25,29,33,34,60). Epstein-Barr virus (EBV),
a human gammaherpesvirus, has been classified as a
group I carcinogen by the International Agency for
Research on Cancer because of its association with
NPC (61). This virus was first detected in the African
patients with Burkitt's lymphoma and infects B-cells and
epithelial cells (62). This virus is very well known for
causing infectious mononucleosis (glandular fever) and
various types of cancers including Burkitt's lymphoma,
Hodgkin's lymphoma, nasopharyngeal carcinoma,
and gastric carcinoma (62-64). Both Type-1 and Type2 EBVs are seen in Africa and the Type-1 variety is
prevalent in rest of the world (62,63). EBVs can persist
latently in the B-cells for the lifetime of a person after
initial infection. All latency programs may exist in B-cells
and can move into lytic phase; eventually giving birth
of infectious virions which may infect epithelial cells of
the same or other person(s) depending upon the route of
infection (65,66). After initial infection, the EBV nuclear
antigens (EBNAs) are expressed along with some cellular
proteins. Different latency programs of EBV give rise to
different sets of expressed viral antigens (67,68). EBNA2 is one of the first genes expressed upon infection
of B-cells and is essential for establishment of latent
infection and cell growth transformation (69-71). Soon
after the EBNA-2 expression, the EBV latent membrane
proteins 1 and 2 (LMP1 and LMP2) expressed (71).
3.1. EBV infection in NPC
A study reports that EBV can be activated by aqueous
extracts of salt-dried fish of China. Another study
reports that the combination of salted fish and EBV
shows a strong association with NPC (44,72). Also,
herbal medicines used by Chinese and Naga people
can help the proliferation of EBV and thus may help
develop NPC. A number of reports show higher levels
of antibodies (EBV-IgG) against the virus capsid protein
(VCP) in these populations (73,74). Various EBNAs
have also been detected in tumor cells of NPC (75,76).
One subtype of the viral immediate-early gene BRLF1,
BR1-C, and its gene product Rta may be associated
with the tumorigenesis of NPC. The DNA binding and
transactivation domains of Rta has been detected to have
multiple mutations. Three CTL (cytotoxic T lymphocyte)
epitopes, NAA, QKE and ERP, have been reported to

have mutations (77). A 30-bp deletion in the LMP1 gene
and the loss of XhoI restriction site in LMP1 gene have
been detected in NPC tissues, whereas none of the nonmalignant nasopharyngeal tissues harbour XhoI-loss and
LMP1 30-bp deletion. This deletion is much frequent
in Chinese population and is seen in undifferentiated
NPC. Other studies have shown a higher proportion
of LMP1 30-bp deletion is much more common in
Inuit population (68%) rather than Chinese (30%) or
Caucasians (20%). Distinct variations in C terminal,
N terminal and transmembrane region in LMP-1 have
been reported using molecular plylogenetic analysis of
large panels of EBV isolated from southeast Asia, Papua
New Guinea, Africa, and Australia where NPC is not
endemic (78,79). The BHRF1 gene, which is a homolog
of the bcl-2 oncogene, has been reported to express a
particular variant of protein in NPC. This variant carries
an L to V mutation in amino acid 88 and a no mutation
in amino acid 79 (79V88V variant); thus contributing to
the tumorigenesis (80). The BZLF1 gene, which encodes
the ZEBRA protein, has been reported to have a serine in
place of alanine at the amino acid position 206 in NPC
tissues (78). This may again explain the association of
EBV with NPC. A high level of EBERs (96.67%) and
LMP 1 (43.33%) expression and low amount of ZEBRA
1 (6.67%) expression have been detected in Spanish
population. Variants of EBER genes have been identified
in NPC in non-endemic regions, but its correlation with
the formation of the disease has not been reported (81).
3.2. HPV infection in NPC
HPV is a DNA virus of the papillomavirus family and
many of the types of this virus are transmitted sexually;
thereby causing infections in the genital areas. Most such
infections have no clinical symptoms and are resolved
spontaneously. Some cause warts and precancerous
lesions; which may eventually turn to cancers. Cervical
cancer is the most common type of cancers caused by
HPV; others are cancers of mouth and oropharynx,
penis, anus, vulva, vagina, etc. Risk factors for HPV
infection include early sexual experience, smoking,
and poor immunity (25,34). Association of HPV with
NPC usually results in overexpression of p16 and
immunohistochemical methods are performed to detect
this along with PCR of HPV DNA. In low-incidence
areas, HPV-positive NPC cases are EBV-negative; but
in endemic areas, co-infection by both of these viruses is
common. Although the HPV-positive NPC cells generally
show non-keratinizing morphotype, undifferentiated
variety is less common and most cells are differentiated.
The undifferentiated variety is seen in the endemic
regions and in patients with EBV/HPV co-infection. The
more infectious types of HPV, HPV16 and HPV18, are
seen in NPC; though the HPV11 is also reported. Some
of the HPV-positive NPCs actually originate from the
oropharynx, but majority show the true nasopharyngeal
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origin (33,34,60). The overall survival (OS) patterns are
similar in HPV-positive, EBV-positive, and EBV-HPV
co-infected NPCs. The involvement of viral gene(s)
and interaction with the host genetic factors are to be
examined in details and a long path is to be travelled to
find out the mechanism of HPV infection in this rare
disease.
4. Genetic factors render the body susceptible to the
disease
As discussed earlier, a higher incidence of NPC is seen
in some ethnic groups including Chinese people in China
and Chinese migrated abroad. An intermediate incidence
is seen in populations admixed with the Chinese.
Therefore, this high incidence of NPC in specific ethnic
groups indicates genetic factors controlling the disease.
A number of reports have suggested the role of various
genetic factors in association with NPC; particularly,
polymorphisms in the histocompatibility locus antigens
(HLA), cytochrome P450 2E1 (CYP2 E1), alteration of
p53 codon 72 Arg>Pro, and some signaling pathways
(82-91). It has been reported that human 8-oxoguanine
DNA glycosylase 1 (hOGG1) gene and human MutY
glycosylase homologue (hMUTYH) gene polymorphism
is associated to the risk of NPC mainly among women in
Chinese population (92).
4.1. HLA antigens
Studies on association of genetic factors with NPC have
involved several NPC patients with different genetic
systems. In all of those, only one group of antigens, the
HLA, has been found to be associated with NPC (85,86).
HLA genes express various proteins of the immune
system and help it to process and present foreign
antigens; thereby making those antigens vulnerable to
immune lysis. In Chinese population, the HLA data
reveal that the younger patients are genetically different
from the older patients and may involve different
mechanism for the onset of the disease. Susceptibility
for NPC as well as survival after diagnosis, both are
associated with the HLA antigens. Two different
haplotypes, A2-C11-B46 and A33-C3-B58-DR3, have
been diagnosed in NPC (85,86,93). Both these haplotypes
are responsible for the susceptibility of the disease, and
the A33-C3-B58-DR3 haplotype is associated with poor
survival also. On the other hand, HLA-A2 without B46
or B58 and A2-B13 helps long-term survival. It has been
inferred that HLA-A11, B13, and B22 are associated
with lower risk for NPC development; whereas
HLA-A2, C11, B14, B17, and B46 are associated with
increased risk (85-87,94,95). In whites, HLA-A2 and
A11 are found to be associated with lower risk of NPC
(95). It has been suggested that in ethnic groups with
higher incidence of NPC, HLA-A2, C11, B14, B17, and
B46 show a reduced ability to process and present EBV
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antigens; thereby confer an increased risk of developing
NPC in individuals carrying these alleles. In contrast,
HLA-A11, B13, and B22 are efficient in processing and
presenting EBV antigens; thus confer a decreased risk of
getting NPC (96). It has been reported that HLA-DRB1
allele polymorphism is associated with NPC in Asian,
Tunisian, and Caucasian population. DBR1 locus, the
most ubiquitous one, encodes a number of variable gene
products. Genotyping of HLA 1 region and its association
studies among 20 NPC cases in Northestern India have
revealed the association of microsatellite markers HL003
(allele 121) and D6S2704 (allele 218) in the HLA class I
region with high risk of NPC; while a protective effect of
HL003 (allele 127) and D6S2678 (allele 255) have been
conferred (97).
4.2. Tumor suppressors and oncogenes
More than fifty percent of cancers contain mutation
in the tumor-suppressor gene p53 which controls the
cell cycle check point, apoptotic pathways, metabolic
changes, DNA repair, senescence, and genomic stability.
In NPC, mutations in p53 are less common, although
some single nucleotide mutations, frame shift, deletion
and duplication may occur. Rather, overexpression/
accumulation of p53 in NPCs of endemic areas is well
documented (89). But it has been reported particularly
that a certain type of single-nucleotide polymorphism of
p53 at codon72 increases the risk of NPC. Substitution
of proline (Pro) in place of arginine (Arg) at codon 72
of the p53 product plays a role in disease susceptibility.
Individuals with Arg/Arg genotype have a lower risk
of getting NPC compared to the individuals with Arg/
Pro genotype; and those with Pro/Pro genotype have
a much higher risk of acquiring NPC (90). Recently,
codon 72 Arg>Pro polymorphism and the risk of NPC
has been reported in Northestern India. Moreover, p53
codon72 polymorphism is affected by the mutations
seen in some other genes, like PIN-1, TNF-α (tumor
necrosis factor alpha), and GST. Further, both EBV
and HPV can modulate the effects of p53 in controlling
apoptosis. It has been suggested that EBV-LMP1 can
induce the expression of antiapoptotic genes BCL-2
(B-cell lymphoma 2) and A20; and thus help prevent
apoptosis by p53. Though EBV-positive NPC cells have
shown a higher amount of BCL-2, its direct relation to
EBV infection and LMP1 expression needs to be studied
in detail. It is suggested that higher amount of BCL-2
poses a synergistic effect on LMP1 function and helps
the NPC cells to grow rapidly and the aggressive nature
of the cancer depends on it. Metastases to different body
parts including the lymph nodes and poor prognoses
with recurrence in NPC are thus explained. Patients
having low levels of BCL-2 in NPC stages III and IV
experience higher rate of disease-free 5-year survival.
Therefore the importance of BCL-2 overexpression
is established in NPC, though the detailed molecular
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mechanism is ill-understood (91). On the other hand,
EBNA3C can bind directly to p53 and inhibit its DNA
binding property; thereby prevents apoptosis by p53
pathway. But the interrelation between EBV infection
and the susceptibility of the alteration of p53 codon72
Arg form or codon72 Pro form needs to be investigated
thoroughly (90). The involvement of TNF-α and HSP70 (heat shock protain-70) in tumor immunity and cancer
biology have been investigated. TNF as an interleukin
have multifunctional role in cell survival, proliferation,
differentiation and death. High expression of interleukins
has been inferred with development of many cancers.
HSP-70 is a chaperone and act as an anti tumor immune
recognition by cytotoxic T lymphocyte. TNF genes are
located towards the telomeric position of HSP gene
members. Recently TNF-α (– 308 G>A), TNFβ (+ 252
A>G), HSP 70-1 (+ 190 G>C) and HSP 70-hom (+
2437 T>C) genes polymorphism have shown a high
association with NPC in Northeastern Indian population
(98).
4.3. Signaling pathways
Various signaling pathways have been studied for their
contributions in NPC (85). The Wnt signaling pathway,
which regulates the developmental processes of embryo
and tissue homeostasis of adults, has been suggested to
be involved in the development and maintenance of NPC.
Prolonged Wnt signaling activates dishevelled (DSH)
family proteins, which in turn, inhibit axin, glycogen
synthase kinase-3β (GSK3β), and the adenomatous
polyposis coli (APC) proteins. Downregulation of
GSK3β results in cytoplasmic β catenin accumulation
in the cytoplasm and translocation into the nucleus.
Cytoplasmic β catenin can bind to various transcription
factors and E-cadherin, thereby help in cellular
proliferation, differentiation, and adhesion. β-Catenin
can activate interleukin-8 (IL-8), c-Myc and cyclin D1
expression, all of which contribute to carcinogenesis by
causing cellular proliferation and/or angiogenesis. Higher
levels of β-catenin have been reported in NPC and these
levels are inversely related to the survival rates. β-Catenin
levels are found to higher in NPC cells infected with
EBV. Moreover, Wnt inhibitory factor (WIF), which
can downregulate the Wnt signaling pathway, has been
found to be decreased in NPC. The levels of inactivation
of WIF by promoter hypermethylation are found to be
related to the TNM stages in NPC; the higher the stage,
the higher the inactivation of WIF.
Uncontrolled expression of phosphoinositide
3-kinases (PI3K) activates a serine/threonine protein
kinase B (Akt), which in turn, upregulates cell
proliferation and prevents apoptosis. Significantly higher
expression levels of Akt are seen in undifferentiated NPC
and these levels are inversely related to the OS of patients
(91). This pathway is also activated by EBV-LMP1 and
thus activates several downstream pathways leading

to various carcinogenic events like distant metastasis,
lymph node involvement, advanced tumor stages, as
well as worse prognosis. It has been found that NPC
cells exhibit high level of Akt with low level of PTEN
(phosphatase and tensin homolog protein). Inhibition of
Akt with a PI3K inhibitor LY294002 results control of
cell proliferation and inducing apoptosis. NPC metastasis
by epithelial-mesenchymal transition occurs due to
activated c-Src and Akt plays a vital role in this pathway.
In NPC, Akt is also activated by the overexpression
of UBE2T; thereby help proliferation, cell survival,
invasion, and metastasis. The mitogen-activated protein
kinase (MAPK) pathway, which regulates various
cellular processes, has been shown to play an important
role in cancer development. One of the MAPKs, the
c-Jun N-terminal kinase (JNK), regulates cell survival.
In NPC, constitutive activation of JNK results in p53
inactivation via phosphorylation and activation of
DNA methyltransferase. This leads to inactivation of
E-cadherin; thereby prevents apoptosis and alters cell
adhesion. This finding also explains the loss of apoptosis
via p53 even when the amount of p53 in NPC is mostly
higher compared to normal cells. Another member of the
MAPKs, the extracellular signal-related kinase (ERK),
is found to be upregulated in NPC and it can induce
transcription factors NF-κB, AP-1, and ETS. These,
in turn, activate c-Fos, cyclin D1, and c-Myc resulting
in cellular proliferation. The epidermal growth factor
receptors (EGFRs) are also found to be upregulated in
NPC and are associated with poor prognoses. Higher
amounts of EGFRs then activate RAS/ERK signaling
pathway leading to uncontrolled cell proliferation.
Cytoplasmic interaction of cyclin D1 and cyclin E with
EGFR helps in cellular proliferation by the induction of
progression through G1/S phase. It has been shown that
endocytosis and processing of EGFR is stimulated by
EBV infection; thereby the translocated processed parts
of EGFR act as transcription factors inside the nucleus
and further activates signaling pathways that help cell
proliferation (22-24,91). In latest studies, a few cellular
micro RNAs like miR17 through miR92 and miR155,
are reported to be upregulated in NPC. These miRs are
known for their oncogenic properties and are involved in
regulation of various genes in cellular signaling pathways
like Wnt and apoptotic pathways. Downregulation of the
tumor-suppressive miRs (like miR34 family, miR143,
and miR145) may also regulate such pathways in NPC.
Particularly, downregulation of miR29c, which targets
genes for expression of extracellular matrix, helps in
invasion and metastasis (91).
4.4. Cytochrome P450 2E1
Recently, the enzymes cytochrome P450 2E1 (CYP2E1)
and glutathione S-transferase have been reported to
be associated with NPC. Four varieties of cytochrome
P450 (CYP1A1, CYP1A2, CYP2E1 and CYP3A4) can
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activate procarcinogens which then produce reactive
intermediates. These intermediates can damage DNA
and play a vital role in chemical carcinogenesis.
Case-control study and correlated study have shown
that polymorphisms in CYP2E1 and CYP2A6 both
contribute to the development of NPC in Thailand and
South Chinese and Northeastern Indian population.
Of these, CYP2E1 reacts with nitrosamine which is
found in preserved foodstuffs. Inhaled xenobiotics and
procarcinogens present in smoked foodstuffs may be
activated by the oxidative and non-oxidative enzymes
present in nasopharynx; thus contribute to the formation
of NPC (82,83,99,100). The absence of glutathione
S-transferase M1 (GSTM1) and T1 (GSTT1) may also
increase the risk. GSTs detoxify the body by helping
glutathione (GSH) to bind to the xenobiotics and thus
save the cellular proteins and nucleic acids. Therefore
loss of GSTs may increase the risk of NPC as smoke
and smoked foodstuffs contain various xenobiotics (88).
5. Conclusion
Studies on nasopharyngeal carcinoma (NPC) reveal three
basic reasons of development of this rare disease: EBV
infection (sometimes HPV), internal genetic factors, and
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environmental factors including diet. Incidence pattern
and geographical distribution of NPC strongly suggest
that the internal genetic factors are the main regulators
for generation and maintenance of this cancer. Specific
ethnic groups found in specific geographic regions
support this phenomenon. Though environmental factors
in those geographic regions are also suggested for their
role in the disease, these might be minor players as it
has been reported that Chinese people migrated to other
regions show higher incidence; and the admixture of
Chinese with others show moderately higher incidence
levels. Thus, the genetic factors, that is, some specific
allelic varieties found in susceptible ethnic groups might
be the key regulators of NPC; EBV infections render
these internal factors more active for causing the disease;
finally, diet and environment stimulate the affected cells
to promote the disease (Figure 2).
Different genes and gene clusters show distinct allelic
variations among different ethnic groups. As for NPC,
mainly Mongoloid people show higher incidence, as
seen in Chinese of China and Nagas of North-East India;
and higher or moderately higher incidences are seen
in Eskimos and Arabians. Despite the geographic and
ethnic variations, all studies show the involvement of the
HLA genes and a few signaling pathways, as discussed

Figure 2. Mechanism of NPC formation. High incidence of nasopharyngeal carcinoma (NPC) in specific ethnic groups indicates
internal genetic factors controlling the disease. Polymorphisms in the histocompatibility locus antigens (HLA), cytochrome P450
2E1 (CYP2E1), alteration of p53 codon 72 Arg>Pro, overexpression of BCL-2, and some signaling pathways like Akt, MAPK,
and Wnt pathways are reported as the genetic players contributing to NPC. There are three basic reasons of development of NPC:
EBV infection (or, sometimes infection with HPV), internal genetic factors, and environmental factors including diet. Specific
alleles of HLA and alteration of the signaling pathway(s) render the body susceptible for getting the disease; some of the body cells
in nasopharynx become neoplastic with uncontrolled proliferation. Carcinogenic and mutagenic agents, like nitroso compounds,
present in the dietary and environmental factors add to the promotion of carcinogenesis as the nasal epithelium harbors a lot of
detoxifying enzymes and can produce procarcinogens from those dietary agents. Infection with EBV and/or HPV makes the nasal
epithelium more proliferative. Loss of activity of p53, overexpression of BCL-2, and activation of MAPK, Akt, and Wnt pathways
lead to uncontrolled proliferation, angiogenesis, loss of apoptosis, and altered cell adhesion; and thus eventually help in invasion and
metastasis.
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Table 1. A global perspective of NPC distributions in respect to the incidence pattern (1,5,10,12,32,56,72-75)
Occurrence of NPC in respect to ethnic and geographical distribution

Factors responsible for NPC

Geographical Distribution

Specific populations

Genetic Factors Virus

Diet/Environment/lifestyle

Asian Continent

East and south Asian population/Arabian population
Chinese population
Naga Population in North East India
Turkish Population
Thailand population

+
+
+
+

+
+
+
-

+
+
+
+
-

Arctic continent

Arctic Eskimos/Inuit population

+

+

+

African Continent

North African population
Population of Tunisia
Population of Kenya

+
+
-

+
-

+
+
+

Australian Continent

Papua New Guinea

-

+

-

North-American Continent

Greenland

-

-

+

European Continent

Spanish population

-

+

-

+, incidence of a particular factor; –, no incidence of a particular factor.

earlier. The specific alleles of HLA and alteration of
the signaling pathway render the body susceptible for
getting the disease. The cells become neoplastic with
uncontrolled proliferation and/or acquire EBV (or
HPV) infection; which in turn, make the cells more
proliferative. Carcinogenic and mutagenic agents present
in the dietary and environmental factors add to the
promotion of carcinogenesis, as the nasal cells can easily
be infected with EBV and the nasal epithelium harbors a
lot of detoxifying enzymes. People in poorly ventilated
places are in continuous exposure to smoke which can
deposit fine dust on nasal epithelium. This may then be
detoxified by those enzymes and procarcinogens are
generated in turn. Nitrosamines in smoke-dried food and
salt-preserved food can contribute to the disease in the
similar way. Global Distribution of NPC in respect to the
incidence patterns is summarized in the Table 1.
The internal factors, that is, the genetic players,
cannot be controlled. Infection with EBV is another
factor which is almost uncontrollable. The only thing
which can be controlled to prevent NPC is the third one.
Environmental agents which may help carcinogenesis
can be avoided, as well as the diet may be altered.
Ventilation should be improved in houses, particularly
in rural areas of Nagaland of North-East India and
Africa. Proper ventilation in industries to reduce fumes,
smokes and dusts may also decrease the risk of the
disease. As the preserved food materials, mainly smokedried and salt-preserved foods, are well documented
for causing NPC, these should be avoided and fresh
fruits and vegetables should be consumed; particularly
at the time of weaning. Delayed diagnosis and poor
prognosis have made this disease a critical one; therefore
intense research studies are needed to infer for the main
causative factors and control measures to improve the

treatment procedures. Based on present knowledge,
novel therapies are being tested in three routes: one is
the targeted regulation of signaling pathways to control
cell proliferation, angiogenesis, and metastasis; the other
one is immunotherapy, again in a targeted manner; and
the third one is a combination of targeted IMRT and
adjuvant chemotherapy. But preclinical trials of such
targeted therapies face a major problem of finding an
authentic undifferentiated cell line and animal model in
which EBV infection may also be established. The cell
line C666-1 is generally used with all its limitations,
and a few xenografts from NPC patients are also being
maintained to test these therapeutic promises; but there
is a long way to go for treating NPC to assure a diseasefree survival.
References
1.

2.

3.

4.

Shanmugaratnam K, Chan SH, de The G, Goh JE,
Khor TH, Simons MJ, Tye CY. Histopathology
of nasopharyngeal carcinoma: Correlations with
epidemiology, survival rates and other biological
characteristics. Cancer. 1979; 44:1029-1044.
Chan JKC, Bray F, McCarron P, Foo W, Lee AWM, Yip
T, Kuo TT, Pilch BZ, Wenig BM, Huang D, Lo KW,
Zeng YX, Jia WH. Nasopharyngeal carcinoma. In: Who
calssification of tumours: Pathology and genetics of head
and neck tumours (Barnes L, Eveson JW, Reichart P,
Sidransky D, Eds.). Lyon, France, IARC press, 2005; pp:
85-97.
Chan JKC, Pilch BZ, Kuo TT, Wenig BM, Lee AWM.
Tumours of the nasopharynx. In: Who calssification
of tumours: Pathology and genetics of head and neck
tumours (Barnes L, Eveson JW, Reichart P, Sidransky D,
Eds.). Lyon, France, IARC press, 2005; pp: 81-125.
Zeng MS, Zeng YX. Pathogenesis and Etiology of
Nasopharyngeal Carcinoma. In: Nasopharyngeal Cancer

www.ddtjournal.com

Drug Discoveries & Therapeutics. 2017; 11(4):170-180.

5.
6.
7.
8.
9.

10.

11.
12.
13.

14.
15.

16.
17.
18.

19.

20.

21.
22.

Multidisciplinary management (Lu JJ, Cooper JS, Lee
AWM, eds.). Springer-Verlag, Berlin Heidelberg, 2010;
pp: 9-25.
Hildesheim A, Levine PH. Etiology of nasopharyngeal
carcinoma: A review. Epidemiol Rev. 1993; 15:466-485.
Li Z, Zong YS. Review of the histological classification
of nasopharyngeal carcinoma. J Nasopharyng Carcinoma,
2014; 1:e15.
Wei WI, Sham JS. Nasopharyngeal carcinoma. Lancet.
2005; 365:2041-2054.
Chan ATC, Teo PML, Johnson PJ. Nasopharyngeal
carcinoma. Ann Oncol. 2002; 13:1007-1015.
Wei KR, Xu Y, Liu J, Zhang WJ, Liang ZH.
Histopathological classification of nasopharyngeal
carcinoma. Asian Pacific J Cancer Prev. 2011; 12:11411147.
Paulino AC, Louis CU. Nasopharyngeal cancer.
eMedicine Nov.17, 2016. www.emedicine.com/ped/
topic1553.htm. (Tebbi CK, Windle ML, Bergstrom SK,
Eds.) (accessed Dec.17, 2016).
Ruckenstein MJ. Nasopharyngeal carcinoma. In:
Comprehensive Review of Otolaryngology (Ruckenstein
MJ, ed.). W.B. Saunders, Philadelphia, 2004; pp: 197-198.
Brennan B. Nasopharyngeal carcinoma. Orphanet J Rare
Dis. 2006; 1:23-27.
Pak MW, To KF, Leung SF, van Hasselt CA. In vivo
diagnosis of persistent and recurrent nasopharyngeal
carcinoma by contact endoscopy. Laryngoscope. 2002;
112:1459-1466.
Li JX, Lu TX, Huang Y, Han F. Clinical characteristics
of recurrent nasopharyngeal carcinoma in high-incidence
area. ScientificWorldJournal. 2012; 2012:719754.
Wang WH, Lin YC, Chen WC, Chen MF, Chen CC,
Lee KF. Detection of mucosal recurrent nasopharyngeal
carcinomas after radiotherapy with narrow-band imaging
endoscopy. Int J Radiat Oncol Biol Phys. 2012; 83:12131219.
Ng SH, Chang JT, Ko SF, Wan YL, Tang LM, Chen
WC. MRI in recurrent nasopharyngeal carcinoma.
Neuroradiology. 1999; 41:855-862.
Tabuchi K, Nakayama M, Nishimura B, Hayashi K, Hara
A. Early detection of nasopharyngeal carcinoma. Int J
Otolaryngol. 2011; 2011:638058.
Al-Sarraf M, LeBlanc M, Giri PG, Fu KK, Cooper J,
Vuong T, Forastiere AA, Adams G, Sakr WA, Schuller
DE, Ensley JF. Chemoradiotherapy versus radiotherapy in
patients with advanced nasopharyngeal cancer: Phase III
randomized Intergroup study 0099. J Clin Oncol. 1998;
16:1310-1317.
Chan AT, Teo PM, Ngan RK, et al. Concurrent
chemotherapy-radiotherapy compared with radiotherapy
alone in locoregionally advanced nasopharyngeal
carcinoma: Progression free survival analysis of a phase
III randomized trial. J Clin Oncol. 2002; 20:2038-2044.
Wee J, Tan EH, Tai BC, et al. Randomized trial of
radiotherapy versus concurrent chemoradiotherapy
followed by adjuvant chemotherapy in patients with
American Joint Committee on Cancer/International Union
against cancer stage III and IV nasopharyngeal cancer of
the endemic variety. J Clin Oncol. 2005; 23:6730-6738.
Vermorken JB, Remenar E, van Herpen C, et al. Cisplatin,
fluorouracil, and docetaxel in unresectable head and neck
cancer. N Engl J Med. 2007; 357:1695-1704.
Lee AWM, Ma BBY, Ng WT, Chan ATC. Management
of nasopharyngeal carcinoma: Current practice and future

178

perspective. J Clin Oncol. 2015; 33:3356-3364.
23. Spratt DE, Lee N. Current and emerging treatment options
for nasopharyngeal carcinoma. Onco Targets Ther. 2012;
5:297-308.
24. Xu T, Tang J, Gu M, Liu L, Wei W, Yang H. Recurrent
nasopharyngeal carcinoma: A clinical dilemma and
challenge. Curr Oncol. 2013; 20:e406-e419.
25. American Cancer Society. What Are the Risk Factors for
Nasopharyngeal Cancer? http://www.cancer.org/cancer/
nasopharyngealcancer/detailedguide/nasopharyngealcancer-risk-factors (Accessed on Dec. 02, 2016).
26. Yu MC. Nasopharyngeal carcinoma: Epidemiology and
dietary factors. IARC Sci Publ. 1991; 105:39-47.
27. Zheng YM, Tuppin P, Hubert A, Jeannel D, Pan YJ,
Zeng Y, de Thé G. Environmental and dietary risk factors
for nasopharyngeal carcinoma: A case-control study in
Zangwu County, Guangxi, China. Br J Cancer. 1994;
69:508-514.
28. Cheng YJ, Hildesheim A, Hsu MM, Chen IH, Brinton
LA, Levine PH, Chen CJ, Yang CS. Cigarette smoking,
alcohol consumption and risk of nasopharyngeal
carcinoma in Taiwan. Cancer Causes Control. 1999;
10:201-207.
29. Xu FH, Xiong D, Xu YF, et. al. An epidemiological and
molecular study of the relationship between smoking,
risk of nasopharyngeal carcinoma, and Epstein-Barr virus
activation. J Natl Cancer Inst. 2012; 104:1396-1410.
30. Xie SH, Yu ITS, Tse LA, Mang OWK, Yue L. Sex
difference in the incidence of nasopharyngeal carcinoma
in Hong Kong 1983-2008: Suggestion of a potential
protective role of oestrogen. Eur J Cancer. 2013; 49:150155.
31. Xiao G, Cao Y, Qiu X, Wang W, Wang Y. Influence
of gender and age on the survival of patients with
nasopharyngeal carcinoma. BMC Cancer. 2013; 13:226233.
32. Hirayama T. Descriptive and analytical epidemiology of
nasopharyngeal cancer. In: Nasopharyngeal Carcinoma:
Etiology and Control (de The G, Ito Y, eds.). IARC
Scientific Pub, 1978; pp 167-169.
33. Chou J, Lin Y-C, Kim J, You L, Xu Z, He B, Jablons DM.
Nasopharyngeal carcinoma – Review of the molecular
mechanisms of tumorigenesis. Head Neck. 2008; 30:946963.
34. Shah SM, Drage MG, Lichtman AH, Haddad RI.
Metastatic human papillomavirus–positive nasopharyngeal
carcinoma with an unusual pattern of aggressive
hematogenous spread. J Clin Oncol. 2012; 30:e321-e323.
35. Fedder M, Gonzalez MF. Nasopharyngeal carcinoma –
Brief review. Am J Med. 1985; 79:365-369.
36. de The G. Epidemiology of the Epstein Barr virus and
associated disease. In: Herpes Viruses (Riozman B, ed.).
Plenum Press, New York, 1982; p. 25.
37. Yuan JM, Wang XL, Xiang YB, Gao YT, Ross RK, Yu
MC. Preserved foods in relation to risk of nasopharyngeal
carcinoma in Shanghai, China. Int J Cancer. 2000; 85:358363.
38. Fong YY, Chan WC. Bacterial production of dimethyl
nitrosamine in salted fish. Nature. 1973; 243:421-422.
39. Fong YY, Walsh EO. Carcinogenic nitrosamines in
cantonese salt-dried fish. Lancet. 1971; 2:1032.
40. Yu MC, Nichols PW, Zou XN, Estes J, Henderson BE.
Induction of malignant nasal cavity tumour in Wistar rats
fed Chinese salted fish. Br J Cancer. 1989; 60:198-201.
41. Ho HC. Current knowledge of the epidemiology of

www.ddtjournal.com

179

42.
43.
44.

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

Drug Discoveries & Therapeutics. 2017; 11(4):170-180.
nasopharyngeal carcinoma – A review. IARC Sci Publ.
1972; 2:357-366.
Preston-Martin S. N-nitroso compounds as a cause of
human cancer. IARC Sci Publ. 1987; 84:477-484.
Zou XN, Lu SH, Liu B. Volatile N-nitrosamines and their
precursors in Chinese salted fish-a possible etological
factor for NPC in china. Int J Cancer. 1994; 59:155-158.
Shao YM, Poirier S, Ohshima H, Malaveille C, Zeng Y,
de Thé G, Bartsch H. Epstein-Barr virus activation in Raji
cells by extracts of preserved food from high risk areas for
nasopharyngeal carcinoma. Carcinogenesis. 1988; 9:14551457.
Poirier S, Bouvier G, Malaveille C, Ohshima H, Shao
YM, Hubert A, Zeng Y, de Thé G, Bartsch H. Volatile
nitrosamine levels and genotoxicity of food samples from
high-risk areas for nasopharyngeal carcinoma before and
after nitrosation. Int J Cancer. 1989; 44:1088-1094.
Chen CS, Pignatelli B, Malaveille C, Bouvier G, Shuker
D, Hautefeuille A, Zhang RF, Bartsch H. Levels of directacting mutagens, total N-nitroso compounds in nitrosated
fermented fish products, consumed in a high-risk area
for gastric cancer in southern China. Mutat Res. 1992;
265:211-221.
Poirier S, Ohishima H, de The G, Hubert A, Bourgade
HC, Bartsch H. Volatile nitrosamine levels in common
food from Tunisia, South China and Green land – high
risk area for nasopharyngeal carcinoma. Int J Cancer.
1987; 39:293-296.
Sarkar S, Nagabhushan M, Soman CS, Tricker AR, Bhide
SV. Mutagenicity and carcinogenicity of smoke dried
meat from Nagaland – A region of India prone to high
incidence of nasopharyngeal cancer. Carcinogenesis.
1989; 10:733-736.
Chellang PK, Narain K, Das HK, Chetia M, Mahanta J.
Risk factor for cancer of nasopharynx: A case control
study from Nagaland, India. Natl Med J India. 2000; 13:68.
Yu MC, Mo CC, Chong WX, Yeh FS, Henderson BE.
Preserved foods and nasopharyngeal carcinoma: A casecontrol study in Guangxi, China. Cancer Res. 1988;
48:1954-1959.
Yu MC, Huang TB, Henderson BE. Diet and
nasopharyngeal carcinoma: A case-control study in
Guangzhou, China. Int J Cancer. 1989; 43:1077-1082.
Turkoz FP, Celenkoglu G, Dogu GG, Kalender ME,
Coskun U, Alkis N, Ozkan M, Turk HM, Arslan UY.
Risk factors of nasopharyngeal carcinoma in Turkey
– an epidemiological survey of the Anatolian Society
of Medical Oncology. Asian Pac J Cancer Prev. 2011;
12:3017-3021.
Cheng YJ, Hildesheim A, Hsu MM, Chen IH, Brinton LA,
Levine PH, Chen CJ, Yang CJ. Cigarette smoking, alcohol
consumption and risk of nasopharyngeal carcinoma in
Taiwan. Cancer Causes Control. 1999; 10:201-207.
Cheung F, Chan O, Ng WT, Chan L, Lee A, Pang
SW. The prognostic value of histological typing in
nasopharyngeal carcinoma. Oral Oncol. 2012; 48:429433.
Lin JH, Jiang CQ, Ho SY, Zhang WS, Mai ZM, Xu L, Lo
CM, Lam TH. Smoking and nasopharyngeal carcinoma
mortality: A cohort study of 101,823 adults in Guangzhou,
China. BMC Cancer. 2015; 15:906-912.
Kumar S, Zinyu R, Singh IKK, Medhi SB, Baruah T, Das
B, Dutta LP. Studies on nasopharyngeal carcinoma with
reference to the north eastern region of India. Ann Natl

Acad Med Sci (India). 1996; 32:199-208.
57. Clifford P, Bulbrook RD. Environmental studies in
African males in nasopharyngeal carcinoma. Lancet.
1967; 1:1228.
58. Yu MC, Garabrant DH, Huang TB, Henderson BE.
Occupational and other non-dietary risk factors for
nasopharyngeal carcinoma in Guangzhou, China. Int J
Cancer. 1990; 45:1033-1039.
59. Lin TM, Chen KP, Lin CC, Hsu MM, Tu SM, Chiang
TC, Jung PF, Hirayama T. Retrospectives study on
nasopharyngeal carcinoma. J Natl Cancer Inst. 1973;
51:1403-1408.
60. Shi Y, Peng SL, Yang LF, Chen X, Tao YG, Cao Y. Coinfection of Epstein-Barr virus and human papillomavirus
in human tumorigenesis. Chin J Cancer. 2016; 35:16-24.
61. International Agency for Research on Cancer. Epstein
Barr virus and Kaposi's sarcoma, herpes virus/human
herpes virus. IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans, IARC press, Lyon,
France, 1997.
62. Epstein MA, Achang BG, Barr YM. Virus particles in
cultured lymphoblasts from Burkitt's lumphoma. Lancet.
1964; 1:702.
63. Klein E, Kis LL, Klein G. Epstein-Barr virus infection
in humans: From harmless to life endangering viruslymphocyte interactions. Oncogene. 2007; 26:1297-1305.
64. Thompson MP, Kurzrock R. Epstein-Barr virus and
cancer. Clin Cancer Res. 2004; 10:803-821.
65. Young LS, Yap LF, Murray PG. Epstein-Barr virus: More
than 50 years old and still providing surprises. Nat Rev
Cancer. 2016; 16:789-802.
66. Hochberg D, Middeldorp JM, Catalina M, Sullivan JL,
Luzuriaga K, Thorley-Lawson DA. Demonstration of
the Burkitt's lymphoma Epstein-Barr virus phenotype in
dividing latently infected memory cells in vivo. Proc Natl
Acad Sci U S A. 2004; 101:239-244.
67. Halder S, Murakami M, Verma SC, Kumar P, Yi F,
Robertson ES. Early events associated with infection of
Epstein-Barr virus infection of primary B-cells. PLoS
ONE. 2009; 4:e7214-e7229.
68. Houldcroft CJ, Kellam P. Host genetics of Epstein-Barr
virus infection, latency and disease. Rev Med Virol. 2015;
25:71-84.
69. Cohen JI, Wang F, Mannick J, Kieff E. Epstein-Barr virus
nuclear protein 2 is a key determinant of lymphocyte
transformation. Proc Nati Acad Sci U S A. 1989; 86:95589562.
70. Hammerschmidt W, Sugden B. Genetic analysis of
immortalizing functions of Epstein-Barr virus in human
B-lymphocytes. Nature. 1989; 340:393-397.
71. Alfieri C, Birkenbach M, Kieff E. Early events in EpsteinBarr virus infection of human B lymphocytes. Virology.
1991; 181:595-608.
72. Zheng X, Yan L, Nilsson B, Eklund G, Drettner
B. Epstein-Barr virus infection, salted fish and
nasopharyngeal carcinoma in southern China. Acta Oncol.
1994; 33:867-872.
73. Hildesheim A, West S, DeVeyra E, DeGuzman MF,
Jurado A, Jones C, Imai J, Hinuma Y. Herbal medicine
use, Epstein Barr virus, and risk of nasopharyngeal
carcinoma. Cancer Res. 1992; 52:3048-3051.
74. de The G, Sohier R, Ho JHC, Freund R. Nasopharyngeal
carcinoma. IV. Evolution of complement fixing antibodies
during the course of the disease. Int J Cancer. 1973;
12:368-377.

www.ddtjournal.com

Drug Discoveries & Therapeutics. 2017; 11(4):170-180.
75. Zhang HY, Qo G, Deng ZW, Yao TH, Glaser R. Epstein
Barr virus DNA in nasopharyngeal biopsies. Virus Res.
1989; 12:53-59.
76. Yap YY, Hassan S, Chan M, Choo PK, Ravichandran
M. Epstein-Barr virus DNA detection in the diagnosis of
nasopharyngeal carcinoma. Otolaryngol Head Neck Surg.
2007; 136:986-991.
77. Jia Y, Wang Y, Chao Y, Jing Y, Sun Z, Luo B. Sequence
analysis of the Epstein-Barr virus (EBV) BRLF1 gene in
nasopharyngeal and gastric carcinomas. Virol J. 2010;
7:341-348.
78. Grunewald V, Bonnet M, Boutin S, et al. Amino-acid
change in the Epstein-Barr-virus ZEBRA protein in
undifferentiated nasopharyngeal carcinomas from Europe
and North Africa. Int J Cancer. 1998; 75:497-503.
79. See HS, Yap YY, Yip WK, Seow HF. Epstein-Barr virus
latent membrane protein-1 (LMP-1) 30-bp deletion and
Xho I-loss is associated with type III nasopharyngeal
carcinoma in Malaysia. World J Surg Oncol. 2008; 6:1827.
80. Jing YZ, Wang Y, Jia YP, Luo B. Polymorphisms of
Epstein-Barr virus BHRF1 gene, a homologue of bcl-2.
Chin J Cancer. 2010; 29:1000-1005.
81. Wang Y, Zhang X, Chao Y, Jia Y, Xing X, Luo B. New
Variations of Epstein-Barr virus-encoded small RNA
genes in nasopharyngeal carcinomas, gastric carcinomas,
and healthy donors in northern China. J Med Virol. 2010;
82:829-836.
82. Hildesheim A, Anderson LM, Chen CJ, Cheng YJ,
Brinton LA, Daly AK, Reed CD, Chen IH, Caporaso
NE, Hsu MM, Chen JY, Idle JR, Hoover RN, Yang CS,
Chhabra SK. CYP2 E1 genetic polymorphisms and risk of
nasopharyngeal carcinoma in Taiwan. J Natl Cancer Inst.
1997; 89:1207-1212.
83. K o n g r u t t a n a c h o k N , S u k d i k u l S , S e t a v a r i n S ,
Kerekhjanarong V, Supiyaphun P, Voravud N,
Poovorawan Y, Mutirangura A. Cytochrome P450
2E1 polymorphism and nasopharyngeal carcinoma
development in Thailand: A corrective study. BMC
Cancer. 2001; 1:4-8.
84. S i m o n s M J , W e e , G B , D a y N E , M o r r i s P J ,
Shanmugaratnam K, de The G. Immunogenetic aspects of
nasopharyngeal carcinoma: I. Differences in HLA antigen
profiles between patients and control groups. Int J Cancer.
1974; 13:122-134.
85. Chan SH. Immunogenetics of nasopharyngeal carcinoma
– Position in 1980. Ann Acad Med Singapore. 1980;
9:296-299.
86. Simons MJ, Shanmugaratnam K (eds.). The Biology of
Nasopharyngeal Carcinoma: UICC Technical Report
Series 17, 1982.
87. Chan SH. Etiology of nasopharyngeal carcinoma. Ann
Acad Med Singapore. 1990; 19:201-207.
88. Chang ET, Adami HO. The enigmatic epidemiology of
nasopharyngeal carcinoma. Cancer Epidemiol Biomarkers
Prev. 2006; 15:1765-1777.

180

89. Effert P, McCoy R, Abdel-Hamid M, Flynn K, Zhang Q,
Busson P, Tursz T, Liu E, Raab-Traub N. Alterations of
the p53 gene in nasopharyngeal carcinoma. J Virol. 1992;
66:3768-3775.
90. Sahu SK, Chakrabarti S, Roy SD, et al. Association of p53
codon72 Arg4Pro polymorphism with susceptibility to
nasopharyngeal carcinoma: Evidence from a case-control
study and meta-analysis. Oncogenesis. 2016; 5:e225.
91. Tulalamba W, Janvilisri T. Nasopharyngeal carcinoma
signaling pathway: An update on molecular biomarkers.
Int J Cell Biol. 2012; 2012:594681.
92. X ie Y , Wu Y , Zhou X , Y ao M , N ing S, Wei Z.
Association of polymorphisms hOgg1 rs1052133 and
hMUTYh rs3219472 with risk of nasopharyngeal
carcinoma in a chinese population. Onco Targets Ther.
2016; 9:755-760.
93. Simons MJ, Chao SM, Wee GD, Shanmugaratnam K,
Goh EH, Ho JHC, Chao JCW, Dharmalingam S, Prasad U,
Betuel H, Day NE, de The G. Nasopharyngeal carcinoma
and histocompatibility antigens. IARC Sci Publ. 1978;
20:271-282.
94. Chan SH, Day NE, Kunaratnam N, Chia KB, Simons
MJ. HLA and nasopharyngeal carcinoma in Chinese – a
further study. Int J Cancer. 1983; 32:171-176.
95. Burt RD, Vaughan TL, McKnight B, Davis S, Beckmann
AM, Smith AG, Nisperos B, Swanson GM, Berwick M.
Associations between human leukocyte antigen type and
nasopharyngeal carcinoma in Caucasians in the United
States. Cancer Epidemiol Biomarkers Prev. 1996; 5:879887.
96. Simons MJ, Wee GB, Chan SH, Shanmugaratnam K, Day
NE, de-The G. Immunogenetic aspects of nasopharyngeal
carcinoma (NPC) III. HL-a type as a genetic marker of
NPC predisposition to test the hypothesis that EpsteinBarr virus is an etiological factor in NPC. IARC Sci Publ.
1975; 11:249-258.
97. Yang H, Yu K, Zhang R, Li J, Wei X, Zhang Y, Zhang C,
Xiao F, Zhao D, Lin X, Wu H, Yang X. The HLA-DRB1
allele polymorphisms and nasopharyngeal carcinoma.
Tumour Biol. 2016. 37:7119-7128.
98. Lakhanpal M, Singh LC, Rahman T, Sharma J, Singh
MM, Kataki AC, Verma S, Chauhan PS, Singh YM,
Wajid S, Kapur S, Saxena S. Contribution of susceptibility
locus at HLA class I region and environmental factors to
occurrence of nasopharyngeal cancer in Northeast India.
Tumour Biol. 2015; 36:3061-3073.
99. Gervasi PG, Longo V, Naidi F, Panattoni G, Ursino FX.
Xenobiotic metabolizing enzymes in human respiratory
nasal mucosa. Biochem Pharmacol. 1991; 41:177-184.
100. Poulsen HE, Loft S, Wassermann K. Cancer risk related
to genetic polymorphisms in carcinogen metabolism and
DNA repair. Pharmacol Toxicol. 1993; 72(Suppl 1):93103.
(Received June 19, 2017; Revised August 23, 2017;
Accepted August 25, 2017)

www.ddtjournal.com

