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Foreword

Carcinomas of the nasopharynx represent a relatively uncommon disease process in
Western countries, but are more frequently diagnosed as a head and neck malignancy in
Southeast Asia. Most of these tumors are epithelial in origin. The nonkeratinizing, poorly
or undifferentiated squamous cell carcinomas are the more commonly diagnosed
pathologies in Asia, accounting for almost 95% of all cases. However, 75% of cases are
World Health Organization Type 1 in North America, whereas those in Southeast Asia
are Types 2 and 3. Radiation therapy is the primary treatment for nasopharyngeal car-
cinomas, and since these tumors tend to present with regional metastasis, combined
chemotherapy and radiation therapy is commonly pursued. This is particularly appro-
priate in patients who have locally advanced disease.

This book, edited by Lu, Cooper, and Lee, discusses the recommendations for diagno-
sis and staging procedures for nasopharyngeal cancer, staging systems and prognostic
factors, and management using radiation therapy for early-stage disease and combined
treatment modalities with radiation and cytotoxic chemotherapy for more advanced
disease. The supporting scientific evidence clearly indicates that these are the appropri-
ate approaches for the treatment of carcinomas of the nasopharynx.

The volume also deals in detail with techniques of radiation therapy, including inten-
sity-modulated radiation therapy, and outlines appropriate follow-up care and surveil-
lance for those individuals who survive.

Even though nasopharyngeal cancer represents a relatively uncommon tumor in the
Western world, it is a common tumor in Southeast Asia and the book by Lu, Cooper, and
Lee constitutes a landmark volume identifying the appropriate approaches for the man-

agement of this disease process.

PA,USA LUTHER W. BRADY
Hamburg, Germany HANS-PETER HEILMANN
Miinich, Germany MICHAEL MOLLS

Bodg, Norway CARSTEN NIEDER




Preface

Nasopharyngeal cancer is a unique type of head and neck malignancy. Essentially unre-
sectable because of proximity to the skull base, nasopharyngeal cancer historically had
been treated by radiation therapy alone. Although cure rates for early-stage disease have
been relatively good, the substantially worse outcome for locoregionally advanced dis-
ease and the not insubstantial risk of disseminated disease clearly indicated that a more
effective therapeutic strategy was needed for more advanced tumors.

The use of concurrent chemotherapy with radiation therapy, popularized by the
landmark Intergroup trial (INT0099), has significantly improved the outcome of
advanced nasopharyngeal cancers. This trial can be therefore viewed not only as a proof
of principal, but also as a starting point for the refinement of chemotherapy-enhanced
radiation therapy in the management of this disease, a quest that continues to the pres-
ent time.

Similarly, technical advances in radiation therapy, particularly the development of
intensity modulated radiation therapy (IMRT) and image guided radiation therapy
(IGRT), have also improved our abilities to place the radiation dose precisely in three-
dimensional space, ensuring adequate coverage of the gross tumor and clinical target
volumes while simultaneously sparing normal tissues. As the anatomic location of the
nasopharynx is in close proximity to critical organs at risk, appropriate beam shaping
and placement previously had been (at times insurmountable) challenges for the radia-
tion oncologist.

However, as occurs in any rapidly evolving field, numerous unanswered questions
and controversies remain. The optimal schedule, timing, and specific chemotherapy
regimen (both concurrent and adjuvant) are still unknown. The delineation of ideal
target volumes for IMRT is both an opportunity and a challenge for radiation oncolo-
gists who are specialized in the management of this malignancy. Similarly, recent devel-
opments in molecular biotechnology herald the prospect of better diagnosis and/or
individualized treatment of the disease. Yet, the practicing physician cannot wait for
these answers and must make crucial decisions on his/her patients’ behalf today, based
on the information available. Clearly, with all these opportunities and challenges, sound
understanding of the updated current knowledge of nasopharyngeal cancer is
essential.

Hence, we initiated this international collaborative effort to provide a comprehensive
review of all key knowledge practicing physicians currently need to know about the
management of nasopharyngeal cancer, arranged in four sections. The first part of the
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Preface

book (Chaps. 1-9) discusses the biologic concepts: epidemiology/etiology, pathogenesis, clinically per-
tinent molecular biology, clinical presentation, diagnosis, and staging. The second part (Chaps. 10-17)
details the current concepts of definitive (often multidisciplinary) therapy for nondisseminated nasopha-
ryngeal carcinoma. Critical analyses of the clinical trials that form the basis of currently available evi-
dence-based medicine, current state-of-the art treatment strategies, and novel approaches that promise
further improvements in outcome are explained in the chapters of this section. In the third section
(Chaps. 18-21), management of more desperate situations, failure after initial treatment, and palliation
of distant metastasis are discussed. Patients’ long-term quality of life after treatment (Chap. 22), the
fortunately rare occurrence of nasopharyngeal cancer in early life, and the staging of the disease (Chap.
24) are reviewed as well. We consider that such an arrangement not only provides appropriate coverage
of the core of knowledge and discussions that are crucial to clinical management of nasopharyngeal
carcinoma, but also facilitates a structural and systemic way of studying and understanding this
knowledge.

We greatly appreciate the expertise and authoritative contributions of all of the included authors,
each reflecting their dedication to improve the outcome of care of future patients. Consequently, we have
intentionally allowed the authors to address some of the same key issues in different chapters to provide
different perspectives of unresolved issues. In the end, the success of this publication must be measured
primarily by how well we elicit ideas and provoke thoughts for future research in the clinical manage-
ment of nasopharyngeal carcinoma.

Singapore JiaDE ]. LU
NY, USA Jay S. COOPER
Hong Kong SAR, P.R. China ANNE W. M LEE
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The Epidemiology of Nasopharyngeal Carcinoma

JuN MA and SumEr Cao
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Introduction

Nasopharyngeal carcinoma (NPC) is a malignant
tumor of nasopharyngeal epithelium. It is the main
type in nasopharyngeal malignant tumors in both
endemic areas and regions with low incidence. Epi-
demiological studies in NPC with the focus on etiol-
ogy and biological behavior of the disease were
strongly encouraged as a result of the International
Union against Cancer (UICC) Symposium on Cancer
of Nasopharynx held in Singapore in 1964 (MUIR
etal.1967),and investigations in the past four decades
have produced many important findings in those
aspects. NPC has unique epidemiological features,
including obvious regional, racial,and familial aggre-
gation. The aim of this chapter is to detail the inci-
dence and distribution of NPC, as well as risk factors
of the development of the disease.

Regional and Spatial Distribution

Nasopharyngeal cancer is a type of tumor with
extremely unbalanced endemic distribution. It can be
seen in many countries and areas of the five conti-
nents. However, the incidence of NPC is lower than
1/10° in most areas. High-incidence areas are central-
ized in the southern part of China (including
Hongkong). The highest incidence is found in
Guangdong province, and the incidence in male can
reach 20-50/100000. According to the data of Inter-
national Agency for Research on Cancer (IARC),
approximately 80,000 cases of NPC were newly diag-
nosed worldwide in 2002, and about 50,000 cases
deceased, with Chinese accounting for 40%. Inter-
mediate rates were seen in local inhabitants of
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Table 1.1. Incidence of nasopharyngeal carcinoma (NPC) in
some cancer registries of five continents in 1998-2002 (N, 1/10°)

Region and population

Age-standard-
incidence rate

Female
China
China, Zhongshan 26.9 10.1
China, Guangzhou 22.2 9.8
China, Hong Kong 17.8 6.7
China, Shanghai 4.1 1.5
China, Nangang District, 1.1 0.5

Harbin City

Southeast Asia

Malaysia, Sarawak 15.0 6.5
Malaysia, Penang 9.3 3.3
Singapore 11.0 3.6
Singapore: Chinese 12.8 4.1
Singapore: Indian 1.8 0.1
Singapore: Malay 5.5 2.0
Philippines, Manila 5.8 2.4
Thailand, Chiang Mai 3.9 1.5
Thailand, Songkhla 2.7 0.9
Thailand, Lampang 2.5 1.5
USA

USA, Hawaii: Chinese 9.9 1.1
USA, Hawaii: Filipino 3.3 1.3
USA, Hawaii: Hawaiian 2.0 0.2
USA, San Francisco: Chinese 8.1 4.0
USA, San Francisco: Filipino 3.1 1.0
USA, Los Angeles: Chinese 6.0 1.9
USA, Los Angeles: Filipino 3.8 0.8

Middle East/North Africa

Algeria, Setif 5.4 1.7
Tunisia, Sousse 4.6 1.9
Uganda, Kyadondo 23 1.3
Kuwait: Kuwaitis 1.7 0.8
Europe

Austria 0.4 0.2
Finland 0.3 0.1
Arctic

Canada, Northwest Territories 4.3 1.3
USA, Alaska 1.5 0.9

Southeast Asia, Eskimos from the Arctic area, and
inhabitants from North Africa and the Middle East
(Table 1.1) (PARKIN et al. 1992, 2002; WATERHOUSE
et al. 1982; MUIR et al. 1987).

There is prominent difference in the incidence of
NPC between the Northern and Southern parts of
China. High-incidence areas are centralized in five
Southern provinces (Guangdong, Guangxi, Hunan,
Fujian,Jiangxi). Theincidenceishighestin Guangdong
province,so NPCis also called “Canton tumor.” Within
Guangdong province, the Pear] River delta and Xijiang
River basin, especially Zhaoqing, Foshan, and
Guangzhou, form a high-incidence core region.

Gender and Age Distribution

The incidence of NPC is higher in males than that in
females, and the ratio is 2-3:1 (PARKIN et al. 1992,
2002; WATERHOUSE et al. 1982; MUIR et al. 1987).
The predominance in male gender is observed in
both endemic and low-incidence areas. However,
the distribution of the age of patients diagnosed
with NPC differs substantially in areas with various
incidences. In low-incidence areas, the incidence of
NPC is increased with age, while in the endemic
areas, the incidence is increased obviously after
30-years, peaked at 40-59-years, and decreased
thereafter (ZonG et al. 1983). It has also been
reported that in low- to medium-incidence area, the
incidence of NPC has a relatively small peak among
adolescents and young adults (BURT et al. 1992).

Racial Distribution

The incidence of NPC is highest in Xanthoderm, then
in Melanoderm, and lowest in Caucasian. High-
incidenceareasaremostlyhabitationsof Xanthoderm,
such as Southern China, Hong Kong, and Southeast
Asia. Eskimos in the Arctic area also belong to
Xanthoderm.

In the same area, the incidence of NPC is different
between different races. For example, the incidence
is twofold higher in people speaking Cantonese than
in people speaking other dialects, such as Hakka,
Hokkien, and Chiu Chau (L1 et al. 1985). Even after
immigrating to other countries in Southeast Asia,
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the incidence in Cantonese speaking people is still
twofolds higher than in other people from Southern
China (LEE et al. 1988). In the United States, the inci-
dence is highest in Chinese people living abroad,
then in Filipinos, Japanese, black people, Spaniards,
and lowest in white people (BURT et al. 1992).

Migrant epidemiological data showed that people
from high-incidence areas of Southern China still
kept high incidence even after they immigrate to
America, Australia, Malaysia, or Japan (PARKIN et al.
2002; ARMSTRONG et al. 1979; MCCREDIE et al. 1999).
Similarly, the incidence of NPC in immigrants and
their offsprings from North Africa, where the inci-
dence was relatively high, was still higher than local
inhabitants after they immigrated to Israel, a low-
incidence area (PARKIN and IscovicH 1997).
However, the incidence in second and third genera-
tion of immigrants was decreased to only half of that
before immigration (WARNAKULASURIYA et al. 1999).
On the contrary, the incidence of NPC in Caucasian
who were born in China or Philippines is obviously
increased, when compared with those born in North
America, (BUELL 1973) and the incidence in French
who were born in North Africa was also obviously
higher than that in inhabitants from Southern France
(JEANNEL et al. 1993).

The results of migrant epidemiology suggest that
both genetic factors and environmental factors may
play an important role in the pathogenesis of NPC. In
addition, the distribution of pathological type is also
different in different races. Ninety percent of the NPC
in Southern China, Hong Kong, Taiwan, and Singapore
are undifferentiated or differentiated nonkeratinizing
Carcinoma (ZoNG et al. 1983). While in nonendemic
areas, keratinizing squamous cell carcinoma is pre-
dominant, it is concluded that the etiological fac-
tors may be different in high- and low-incidence
areas (VAUGHAN et al. 1996).

Familial Aggregation

NPC is a disease with obvious familial aggregation.
There have been reports of high-incidence families
in high-, medium-, and low-incidence areas.
Furthermore, the ratio of cancer family history in
high-incidence areas is higher than that in low-
incidence areas. For example, the ratio of NPC family
history reported in Hong Kong (Yu et al. 1986) and
Guangzhou of China (Yu et al. 1990) is 7.2% and

5.9%, respectively. In Greenland, 27% of the patients
with NPC have cancer family history, and most are
NPC (ALBECK et al. 1993). In the city of Shanghai in
eastern China, a medium incidence area, the ratio of
NPC family history is 1.85% (YuaN et al. 2000). In
cancer family, most patients with NPC are first-degree
relatives of the probands. The incidence in first-
degree relatives of the patients with NPC is 4-10-folds
of that in control population. The reason for familial
aggregation of NPC may be similar hereditary sus-
ceptibility or living environment of the family mem-
bers. Complex segregation analysis on NPC family in
Southern China shows that NPC belongs to multi-
genic hereditary tumor (J1a et al. 2005).

Time Tendency

Recently published data demonstrated that the inci-
dence of newly diagnosed NPC has been decreased in
certain high-incidence areas. For example, the inci-
dence and mortality of NPC has clearly decreased in
Hong Kong from 1970s, in Taiwan from 1980s, and
in Singapore from 1990s. The decreased incidence in
Chinese people living in North America was also obvi-
ous. However, obvious ascending tendency has been
observed in a few areas or populations such as Malay
people living in Singapore (WANG et al. 2004). The
incidence of NPC was stable or slightly increased in

Table 1.2. Comparison between the average annual age-
standardized (world population) incidence rates of nasopha-
ryngeal cancer (per 100,000 person-years) in Hong Kong and
Sihui City, Guangdong, China

Period Average annual incidence
Hong Kong Chinese Sihui City of
Guangdong, China
Male Female Male Female
1973-1977  32.9 14.4
1978-1982 30.0 12.9 28.1 12.3
1983-1987 28.5 11.2 28.7 14.8
1988-1992 24.3 9.5 28.7 13.4
1993-1997 21.5 8.3 28.0 11.8
1998-2002 17.8 6.7 30.9 13.0
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endemicareasof Southern Chinaincluding Guangdong
and Guangxi provinces (J1a et al. 2006) (Table 1.2).

The change in epidemiologic tendency of NPC in
these areas may be related with the change in exposure
of corresponding population to risk factors. It is gener-
ally considered that changes in smoking, consumption
of pickled food, and immigration may have great influ-
ences on the incidence in Hong Kong, Singapore, and
Taiwan. Epidemiologic studies found that smoking was
the main reason for keratinizing squamous cell carci-
noma, while it had little relationship with nonkerati-
nizing squamous cell carcinoma. Further investigations
found that the decrease of incidence in Hong Kong and
North America was due to the decrease of keratinizing
squamous cell carcinoma, while the incidence of
nonkeratinizing squamous cell carcinoma kept stable
(Jia et al. 2006; SUN et al. 2005; TsE et al. 2006). The
decrease in smoking frequency in these areas may
account for the decrease in incidence of NPC.

In the past 30 years, rapid economy development
has been observed in high-incidence areas of NPC in
Southern China, such as Guangdong and Guangxi.
The eating and living habit has greatly changed.
However, the stable incidence rate of NPC in these
endemic areas indicate that the risk factors seem
unchanged, as more than 90% of NPC cases belong to
nonkeratinizing carcinoma.

1.7
Risk Factors

1.7.1
Epstein-Barr Virus

Antibodies to Epstein-Barr virus (EBV) were detected
in the serum of patients with NPC by OLD et al. in 1966
(OLD et al. 1966). Subsequent studies showed that the
level of anti-EBV antibodies was significantly increased
in NPC from different races and areas, compared with
the control. Viral DNA can be detected in the nucleus
of epitheliums using in situ hybridization technique,
while it was not obvious in infiltrating lymphocytes.
In prospective population studies, it was found
that increased IgA antibody to Epstein-Barr (EB)
viral capsid antigen (VCA) and neutral antibody to
EBV DNAse were specific markers of NPC in high-
incidence area, since they can effectively predict the
development of NPC. For example, CHIEN et al.
(2001) found that risk factor of people in Taiwan who
were positive for both of the above. For example, in

population studies, CHIEN et al. found that elevated
IgA antibody against VCA and EBV DNAse are highly
specific markers for NPC cases in Taiwan area, pre-
dicting a 32.8-fold (95% CI: 7.3-147.2) increase for
those with both markers positive. Recently, J1 et al.
conformed that there was a window phase of about 3
years from seropositivity of EBV to the development
of NPC (J1 et al. 2007).

Although globally most people were infected by
EBV, only a small portion of them developed NPC,
which meant that the genesis of NPC was multifacto-
rial. Currently, it was confirmed that many factors can
result in the activation of EBV, such as environmental
carcinogens and/or immune deficiency (FRIBORG
et al. 2007; STOWE et al. 2001). It is still unclear about
the mechanism for EBV entrance into epithelial tis-
sue. The pathogenesis in NPC is detailed in Chap. 2.

1.7.2
Salty Fish and Pickled Food

One of the most potent and confirmed risk factors for
NPC is salty fish consumption. Fish and other food
that conserved in salt are heavily consumed in
Southern China and areas with moderate risk factors
for NPCsuchasSoutheast Asiaand North Africa. These
foods contain a known carcinogen N-nitrosamine
and its precursor. In different populations, the rela-
tive risk for developing NPC in people who eat salty
fish on daily basis after adulthood was estimated to
be 1.8-7.5, compared with those who did not or only
eat a little salty fish (YU et al. 1989; LEE et al. 1994). In
addition, the relative risk for developing NPC in peo-
ple who eat salty fish on daily or weekly basis during
weaning period or infancy was estimated to be 1.1-
37.7,compared with those who never eat or only eat a
little salty fish (Yu 1991). On the contrary, eating more
fresh fruits and vegetables can reduce the risk of NPC
by 30%-50%, which may be due to the effect of anti-
oxidant and antinitrosamine components in Vitamin
C and E. However, evidences on the relationship of
salty fish and pickled food with NPC from perspec-
tive studies are still lacking.

1.7.3
Smoking and Drinking

Results from a number of prospective epidemiological
studies revealed that chronic smoking was a risk factor
for NPC. In addition, the development of NPC
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depended on the severity of smoking measured by
pack-year. In general, risk of NPC in smokers was 2-6-
fold of that in nonsmokers (FRIBORG et al. 2007; Hsu
et al. 2009). The risk of NPC potentially induced by
cigarette smoking was lower than the risk for lung can-
cer or squamous cell carcinoma of the larynx. However,
smoking was the main risk factor for squamous cell
carcinoma NPC, while its association with undifferen-
tiated or nonkeratinizing NPC has not been demon-
strated (VAUGHAN et al. 1996). This finding indicated
that the decrease in morbidity of NPC in North
America and Hongkong might result from reduced
smoking frequency. Smoking-induced NPC was less
significant than lung cancer or laryngeal cancer, which
may be due to the lower sensitivity of nasopharyngeal
epitheliums to carcinogens in tobaccos than epitheli-
ums in other regions, or the lower content of tobaccos
in pharynx nasalis than the respiratory tract.

Most studies performed in China and the United
States showed that alcohol drinking was unrelated to
the development of NPC. Results from a perspective
study performed in Singapore also confirmed this
viewpoint (FRIBORG et al. 2007). However, the results
were not completely consistent, since positive results
were found at least in two case control studies
(VAUGHAN et al. 1996; NaM et al. 1992). The inconsis-
tency may be caused by experimental design, suscep-
tibility of different people, and other confounding
factors.

1.7.4
Effect of Hereditary Susceptibility

The epidemic features of NPC suggested that genetic
factors contribute a lot to the genesis and develop-
ment of NPC. Many investigations have focused on
the possible pathogenic effect of human leucocyte
antigen (HLA), which is involved in the presentation
of foreign antigens, including viral polypeptide, so as
to facilitate their directive lysis by immune system.
Since EBV can be found in almost all patients with
the disease, the risk factor for NPC may be increased
in individuals who inherited HLA allele with weaker
presenting ability of EBV antigen. On the contrary,
the risk factor for NPC was relatively low in individu-
als who inherited HLA allele with effective present-
ing ability of EBV antigen (HILDESHEIM et al. 2002).
It was reported currently that HLA-A2-Bw46 and B17
can increase the risk factor for NPC by 2-3-fold.
HLA-A11, B13, and A2 can reduce the risk factor for
NPC by 1/3-1/2.

Epidemiologic studies also determined the corre-
lation between polymorphism of some genes with
the risk of NPC, including homozygous variant
derived from cytochrome P4502E1 (CYP2E1), null
allele of glutathion S-transferase M1 (GSTM1),
(KONGRUTTANACHOK et al. 2001; HILDESHEIM et al.
1995; NAZAR-STEWART et al. 1999) T cell receptor
polymorphism (TCR), poly immunoglobulin recep-
tor (PIGR), candidate tumor suppressing gene GX6,
DNA repair gene hOGGI, and XRCC1. The relative
risk was estimated to be 2.0-5.0. CYP2E1 and GSTM1
are involved in the metabolism of nitrosamine and
cigarette smoke, respectively. Their etiological effects
may be different because of the difference in envi-
ronment; in other words, they may have different
biological interaction with environmental factors,
such as salty fish and smoking.

Studies on chromosomal abnormality, heterozy-
gote deficiency, and gene expression, as well as main
NPC susceptible sites on No.4 chromosome found by
whole genome scanning in familial study performed
in Southern China also provided potential opportu-
nities to determine NPC susceptible genes (FENG
et al. 2002).

1.7.5
Traditional Chinese Medicine

In certain epidemiological studies performed in
Southeast Asia and Southern China, use of traditional
Chinese medicine has been associated with an
increase in NPC by 2-4-fold (ZHENG et al. 1994;
HILDESHEIM et al. 1992). Certain plants and medici-
nal materials in Chinese traditional medicine can
induce the activation of latent EBV. Such features can
be attributed to tetradecanoylphorbol acetate (TPA)-
like substances in plants and earth. TPA-like sub-
stances, in combination with N-butyrate, a product
of anoxybiontic bacteria found in pharynx nasalis,
can induce the synthesis of EBV antigen in mice,
increase EBV-mediated B cell transformation, and
promote the genesis of NPC (TANG et al. 1988).

1.7.6
Professional Exposure

Formaldehyde is a well-known carcinogen that can
induce carcinoma of nasal cavity in rodents. Meta anal-
ysis on more than 30 epidemiological studies showed
that exposure to formaldehyde was significantly
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associated with the genesis of NPC, and a dose-
response relationship was demonstrated (PARTANEN
1993). In 1995, formaldehyde was suggested to be an
etiological factor for NPC by IARC.

Middle-sized (5-10pm) dust particles are easily
absorbed to pharynx nasalis. Several epidemiological
studies have found that the risk factor for NPC was
increased in people exposed in wood dust, and it was
dependent on exposure time and dose (LUCE et al.2002).
In addition, the risk factor for NPC was reported to be
increased in people exposed to extreme temperature
and work environment with combustibles. However,
the exposure ratio for these professional exposures was
relatively low in most endemic areas, so it cannot be
confirmed whether these factors are independently
important in the high incidence in these areas.

1.7.7
Chronic Upper Respiratory Disease

Most epidemiological studies showed that the risk
for NPC was increased by about twofold in people
with chronic ear, nose, throat, and upper respiratory
disease (ZHENG et al. 1994). It may be due to the con-
version of nitrate to nitrite by bacteria present in
these regions, since nitrite is the component of car-
cinogen N-nitroso.

1.7.8
Trace Element

Nickel is one of the carcinogens to human. Surveys
performed in high-incidence areas found that the
content of nickel in rice, drinking water, and hair of
local inhabitants was significantly higher than that in
low-incidence areas. In high-incidence areas, nickel
content in NPC patients was also higher than in
healthy population. Epidemiological surveys also
found that trace elements zinc and cadmium were
positively related with the genesis of NPC, while
magnesium, calcium, and strontium were negatively
related (BOLVIKEN et al. 1997).

Summary

NPC is a disease with unique epidemiological fea-
tures. The distribution of the disease demonstrates a

clear regional, racial, and gender prevalence. The
incidence of the disease is relatively high among
local inhabitants of Southern China, Southeast Asia,
Eskimos from the Arctic area, and inhabitants from
North Africa and the Middle East, with the highest
incidence found in Guangdong province of China,
and the incidence in male reaching 20-50/10°. NPC is
associated with a number of risk factors. It appears
that individuals with hereditary susceptibility were
infected by EBV in the early period of life, then EBV
was activated under the synthetic action of multiple
environmental factors, and eventually NPC was
developed. In addition to EBV, other environmental
factors such as trace elements and dietary habits may
be associated with the initiation and development of
the disease. However, changes in lifestyle in the past
several decades in Southern China had little associa-
tion with the etiology of NPC. Further epidemiologi-
cal investigations will be needed to detect the changes
in the trend of NPC and the underlying risk factors,
so that prevention and/or early detection of the dis-
ease can be realized.
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Introduction

Nasopharyngeal carcinoma (NPC) is a squamous cell
carcinoma (SCC) that usually develops around the
ostium of the Eustachian tube in the lateral wall of the
nasopharynx (SHAM et al. 1990). This disease was ini-
tially reported in 1901 and characterized clinically in
1922 (WE1 et al.2005). NPC is a disease with a remark-
able geographic and racial distribution worldwide.
This is a rare human malignancy with an incidence
below 1/100,000 populations per year in Caucasians
from North America and other Western countries. In
contrast, the highest incidence is noted in the
Southern Chinese population of Guangdong, Inuits
of Alaska, and native Greenlanders (CHOU et al. 2008;
PARKIN etal.1992); particularly,among the Cantonese
who inhabit the central region of Guangdong Province
in Southern China, the incidence is 15-25 cases per
100,000. NPC is also called the “Canton tumor” in
Guangdong Province (HEPENG 2008; YU et al. 2002).
Southern Chinese migrants, irrespective of their
country of migration, also exhibit high rates of NPC
(Yu et al. 2002), but the rate of NPC among ethnic
Chinese born in North America is considerably lower
than those born in China (BUELL 1974). An interme-
diate incidence has been reported in Alaskan Eskimos
and in the Mediterranean basin (North Africa,
Southern Italy, Greece, and Turkey), ranging from 15
to 20 cases per 100,000 persons (CHAN et al. 2002).
Independence of race-ethnicity, the rates of NPC in
men are two to three folds higher than those in women
for most populations (YU et al. 2002). Overall, NPC
can occur in all age groups, but has a bimodal age dis-
tribution. The incidence peaks at 50-60 years of age,
and a small peak is observed during late childhood
(JEYAKUMAR et al. 2006).

The distinct difference in the incidence among
geographic and population area implies that both
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environmental factors and genetic susceptibility play
roles in the development of NPC (Lo et al. 2004). The
early age incidence peak noted among Southern
Chinese may suggest that exposure to the putative
carcinogens occur very early in life (YU et al. 2002).
Epidemiological studies have linked childhood intake
of locally consumed preserved foods to NPC devel-
opment in all four groups of populations exhibiting
increased risk of NPC - Chinese, natives of Southeast
Asia, natives of Arctic region, and Arabs of North
Africa (Yu et al. 2002). Moreover, environmental fac-
tors may also accelerate to the development of NPC.
For example, exposure to smoke or chemical pollut-
ants,including trace elements (e.g.,nickle), have been
reported to be associated with the development of
NPC (Wu et al. 1986; Yu et al. 1981). Therefore, the
development and progression of NPC disease is
multifactorial with geographic areas, genetics, diet,
and environmental exposure.

Histological Subtypes of NPC

The World Health Organization (WHO) classifies
NPC into three histopathological types based on the
degree of differentiation. Type 1, SCC, is seen in
5%-10% of cases of NPC and is characterized by
well-differentiated cells that produce keratin and
demonstrated the presence of intracellular bridges
when observed under the electron microscope. Type
2, nonkeratinizing squamous carcinoma, varies in
cell differentiation (from mature to anaplastic cells)
but does not produce keratin. Type 3 or undifferenti-
ated NPC constitutes the bulk of the tumors seen in
patients with NPC, is also nonkeratinizing, but is less
differentiated, with highly variable cell types (clear
cell, spindle cell, anaplastic) (SHANMUGARATNAM
1978).

Types 2 and 3 NPC are Epstein-Barr virus (EBV)
associated and have better prognoses than type 1;
EBV infection is generally absent in type 1, especially
in nonendemic areas (MARKS et al. 1998). However,
more recent data suggest that almost all NPC tumors
in the endemic areas, regardless of histologic subtype,
have comorbid EBV infections, which is a strong evi-
dence for EBV as the etiology of NPC (VASEE
et al. 1997). Undifferentiated NPC or type 3 was fre-
quently characterized as lymphoepithelioma owing
to the heavy infiltration of the primary tumor with
lymphocytes. In endemic areas such as Southern

China, WHO Type 3 accounts for more than 97%,
while keratinizing SCC is more common in the
Western countries (up to 75%) (MARKs et al. 1998).
There is no uniform morphological characteristic of
NPC-affected tissues; thus, diagnosis of undifferenti-
ated NPCis usually based on the location of the tumor
in the nasopharynx and the presence of EBV tran-
scripts in the tumor cells (GuLLo et al. 2008). Clonal
EBV genome is present in the early preinvasive dys-
plastic lesion or carcinoma in situ, illuminating that
the development of malignant invasive tumor drop
behind the infection of EBV (PATHMANATHAN et al.
1995). This close association with EBV is what makes
NPC unique from other head and neck cancers.

Etiologies and Pathogenesis

In endemic regions, NPC presents as a complex dis-
ease caused by an interaction of the oncogenic gam-
maherpesvirus EBV chronicinfection,environmental,
and genetic factors, in a multistep carcinogenic pro-
cess. The highest incidence of NPC in Southern
Chinese strongly indicates that both genetic suscep-
tibility and environmental factors contribute to the
tumorigenesis of NPC in its development and pro-
gression. In addition, a small population of cells
sharing properties of normal stem cells (NSC) within
tumor has been suggested to be involved in the etiol-
ogy of NPC. This chapter will focus mainly on three
major etiological factors including genetic, environ-
mental, and viral factors.

2.3.1
Genetic Factors

While nasopharyngeal carcinoma is a rare malig-
nancy in most parts of the world, it is one of the most
common cancers in Southeast Asia including areas
such as Southern China, Hong Kong, Singapore,
Malaysia, and Taiwan. The reported incidence in
these countries ranges from 10 to 53 cases per 100,000
persons. The incidence is also high among Eskimos
in Alaska and Greenland and in Tunisians, ranging
from 15 to 20 cases per 100,000 persons (CHAN et al.
2002). Familial clustering of NPC has been widely
observed in both the Chinese population (Jia et al.
2004; ZENG et al. 2002), and non-Chinese patient
cohort (LEVINE et al. 1992). The familial risk of NPC
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is among the highest of any malignancy (SUAREZ
et al. 2006). The described relative risk of NPC in
first-degree relatives is about 8.0 (FRIBORG et al.
2005). The high risk of NPC to Cantonese population
and the people with familial NPC history suggest that
genetically determined susceptibility may play an
important role in the etiology of NPC.

An important characteristic of familial cancers is
the early age onset of NPC (ZENG et al. 2002). Several
linkage analyses studies suggested the association of
susceptibility human leukocyte antigen (HLA) haplo-
types with NPC development. Most studies conducted
among the Chinese population demonstrated an
increased risk of NPC for individuals with HLA-A2. A
recent study detected a consistent association between
NPC and the prevalent Chinese HLA-A2 subtype
(HLA-A"0207), but not the prevalent Caucasian sub-
type (HLA-A'0201) (HiLDESHEIM et al. 2002). The
HLA types of AW19, BW46, and B17 have also been
reported to be associated with an increased risk,
whereas HLA-A11 is associated with a decreased risk
(LieBOWITZ 1994). Significant complex multiple chro-
mosome aberrations are often demonstrated in NPC,
as well as in other solid tumors. The finding of trans-
location, amplification, and deletion of 3p, 5p, and 3q
indicates that a minimal region of breakpoints is pos-
sible for contributing to NPC (SH1H-HsiN Wu 2006;
Tr1a et al. 2005). Breakpoints have been frequently
observed in 1pl1-31, 3pl12-21, 3q25, 5q31, 11ql3,
12q13,and Xq25 (Lo et al. 1997). Inactivation of tumor
suppressor genes on 3p, 9p, 11q, 13q, 14q,and 16q and
alteration of oncogenes on chromosomes 8 and 12 are
important in the development of NPC (Hu1 et al. 1999;
Lo et al. 2000). A recent study provides evidence for
the linkage of NPC to chromosome 3p and a fine map
of NPC susceptibility locus to a 13.6cM region on
3p21.31-21.2 (X10NG et al. 2004). These results are in
agreement with several previous studies that suggest
that the deletion of chromosomes 3p is a common
genetic event in NPC (DENG et al. 1998; Lo et al. 2000).
Many tumor suppressor candidate genes such as
CACNA2D2, DLCI1, FUSI, H37, HYAL1, RASSFIA,
SEMA3B,and SEMA3F and tumor susceptibility genes
such as hMLHI have been isolated from the region
(X10NG et al. 2004). These studies indicate that genes
in the 3p21 may play a critical role in tumorigenesis of
familial NPC.

Some studies suggested that genetic polymor-
phisms in genes that metabolize carcinogens are
associated with NPC susceptibility. Cytochrome
P450 2E1 (CYP2E1) is one of the cytochrome P450s
and is responsible for the metabolic activation of

nitrosamines and the related carcinogens. Case-
control studies have shown a strong association of the
variant form of CYP2E1 (c2 allele) with increased risk
of this disease in Chinese populations (HILDESHEIM
etal.1997; HILDESHEIM et al. 1995). Other nitrosamine
metabolizing genes, such as Cytochrome P450 2A6
(CYP2A6), have also been suggested to play a role in
NPC susceptibility (TtTwawEkcH et al. 2006). Phase II
detoxification enzyme, glutathione S-transferase M1
(GSTM1), was found to be a synergistic risk factor for
NPC (FrRIBORG et al. 2007; NAZAR-STEWART et al.
1999). The association of other DNA repair genes with
NPC susceptibility has also been implied. While a
reduced risk for NPC was observed with polymor-
phism of the XRCC1 gene (Arg280His), polymorphism
of the hOGGI gene (Ser326Cys) was shown to be asso-
ciated with an increased risk for NPC in the Taiwan
population (CHo et al. 2003).

2.3.2
Environmental Factors

A large number of case-control studies conducted in
diverse populations (Cantonese, other Southern
Chinese, Northern Chinese, and Thais) residing in
different parts of Asia and North America have con-
firmed that Cantonese-style salted fish and other
preserved foods containing large amounts of
nitrosodimethyamine (NDMA), N-nitrospyrrolidene
(NPYR), and N-nitrospiperidine (NPIP) may be car-
cinogenic factors for NPC (ARMSTRONG et al. 1998;
NING et al. 1990; SRIAMPORN et al. 1992; Yu et al.
1988; YuaN et al. 2000). Earlier age at exposure in
salted fish has been shown to a high risk of NPC in
Southern Chinese (YU et al. 2002). In animal studies,
nasal and nasopharyngeal tumors could be induced
in rats by feeding them Chinese salted fish (NiNG
et al. 1990; Yu et al. 1988). Moreover, cigarette smok-
ing and occupational exposure to formaldehyde and
wood dust are recognized risk factors as well (Yu
et al. 2002). Several studies conducted in high- and
low-risk populations during the past decade have
obviously implicated the nasopharynx as a tobacco-
susceptible cancer site (YU et al. 2002). Ever smokers
exhibit a roughly 30%-100% excess risk relative to
life-longnonsmokers(Yuanetal.2000).Formaldehyde
is a recognized nasal cavity carcinogen in rodents.
Smoke particles from incomplete combustion of coal,
wood, and other materials are also of the size and
weight to be deposited mostly in the nasopharynx
(ARMSTRONG et al. 2000). The use of certain Chinese
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medicinal herbs has been suggested to increase the
risk for NPC by reactivating EBV infection in the
host (ZENG et al. 1994).

2.3.3
Epstein-Barr Virus

It was in 1966 when Old et al. first discovered the rela-
tionship between EBV and NPC, using in situ hybrid-
ization and the anticomplement immunofluorescent
(ACIF) assay (OLD et al. 1966). Subsequent studies by
others demonstrated the expression of EBV latent
genes — Epstein-Barr virus nuclear antigen (EBNA),
latent membrane protein-1 (LMP-1), LMP-2, and EBV-
encodedsmallRNAs (EBER) -inNPC cells (BAUMFORTH
et al. 1999) confirming the infection of tumor cells by
EBV. Intriguingly, expression of EBV early antigen (EA)
is positively correlated with the consumption of salted
and preserved food, suggesting that development of
EBV-positive NPC could be related to dietary habits
(SHAO et al. 1988), and provides another link to the
epidemiological studies with NPC. Approximately 90%
of the adult population undifferentiated nasopharyn-
geal carcinomas (UNPC) all over the world are EBV-
positive by serology. In most NPC patients, higher EBV
antibody titers, especially of IgA EBV-associated can-
cer, are observed. So, measuring patients’ EBV-specific
IgA antibodies is a useful method in screening for early
detection of NPC (CoHEN 2000). EBV infection is an
early, possibly initiating event in the development of
nasopharyngeal carcinoma (PATHMANATHAN et al.
1995). A current hypothesis proposes that EBV plays a
critical role in transforming nasopharyngeal epithelial
cells into invasive cancer (Lo et al.2004). Wu et al. (2003)
found that EBV-positive tumors grew faster than EBV-
negative tumors, and also had clonal EBV terminal
repeat sequences. Preinvasive lesions of the nasophar-
ynx are infected with EBV. Since EBV infection indeed
precedes clonal expansion of malignant cells (RAaB-
TRAUB et al. 1986), EBV is thought to contribute, at least
in part, to the overall pathogenesis of NPC. Many stud-
ies have demonstrated that UNPC are invariably EBV-
positive,regardless of geographical origin (NIEDOBITEK
et al. 1991; WEiss et al. 1989).

2.3.3.1
EBV Structure

In 1964, EBV was identified in tumor tissue from a
patient who had African Burkitt lymphoma, a fatal

malignancy of the B lymphocyte (EPSTEIN et al.
1964).EBV is a y-herpes virus (WAN et al. 2004) pres-
ent in over 90% of adults worldwide. It is a member
of the Lymphocryptovirus genus - viruses that are
closely related members of herpesvirus family. The
EBV genome is large exceeding 172 kb pairs of linear
double-stranded DNA, as in other herpesviruses, the
molecule is divided into unique, internal repeat, and
terminal repeat domains. EBV was the first herpesvi-
rus to have its genome completely cloned and
sequenced (BAER et al. 1984). During growth trans-
formation, the virus does not replicate and produce
progeny virions, but rather is replicated by the host
DNA polymerase as an extra chromosomal episome
(RAAB-TRAUB 2002).

2.3.3.2
EBV Infection in NPC

EBV was the first human virus identified to be associ-
ated with human cancers, including lymphomas as
well as epithelial tumors (EPSTEIN et al. 1966). The
association between EBV infection and NPC is well
documented and particularly close with EBV genome
present in virtually all NPC cells. Primary EBV infec-
tion normally occurs in early childhood, is usually
asymptomatic, and results in life-long virus persis-
tence, but when exposure is delayed until adolescence,
infection mononucleosis often ensues provoking an
infection during early adulthood. EBV has a strong
tropism for human lymphocytes and for the epithe-
lium of the upper respiratory tract, where it can
remain latent (BorzA et al. 2002). This virus has been
associated with different neoplastic diseases, like poly-
clonal B lymphoproliferation in immunosuppressed
patients, Burkitt lymphoma, or Hodgkin’s disease
(NIEDOBITEK et al. 1994). However, the tumor show-
ing the strongest worldwide association with EBV is
nasopharyngeal carcinoma (LIEBOWITZ 1994;
PATHMANATHAN et al. 1995). Elevated titers of IgA
antibody to EBV viral capsid antigen (VCA) are usu-
ally found in patients with NPC. The rise in IgA titers
to these antigens can be noticed before the develop-
ment of UNPC and correlates with tumor burden,
remission, and recurrence (MAZERON 1996; ZHENG
et al. 1994). Therefore, this method of measuring
patients’ EBV-specific IgA antibodies is useful in
screening for early detection of NPC (CoHEN 2000).
In almost all cases of EBV infection, the orophar-
ynx is the primary site of infection, as well as the site
of viral replication. EBV infects primary resting B
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lymphocytes to establish a latent infection and yield
proliferating, growth-transformed B cells in vitro. In
vitro studies demonstrate that EBV infects and
potentially activates B cells by binding to the type 2
complement receptor (CR2, or CD21), the putative
EBV receptor (BAUMFORTH et al. 1999). Hence, EBV
appears to home to the oropharynx, and more spe-
cifically, the B cells within the oropharynx. The strain
B95-8 can be found in EBV-positive cell lines such as
Raji, Namalwa, and CA 46 (CHANG et al. 1990). These
cell lines are all of B-lymphocyte lineage. This strain
has been used as a benchmark to check for EBV posi-
tively in NPC.

In vitro, EBV infects resting human B lympho-
cytes and transforms them into lymphoblastoid cell
lines (LCLs), a process that is termed growth trans-
formation and a hallmark of this virus (ALTMANN
et al. 2005). vBcl-2 genes are essential for the initial
evasion of apoptosis in cells in vivo in which the
virus establishes a latent infection or causes cellular
transformation or both (ALTMANN et al. 2005). In
vivo and in vitro EBV’s latent state is characterized
by the absence of virus synthesis and maintenance of
the viral genome as plasmids in the infected cell. EBV
genome delivery to the nucleus as a key rate-limiting
step in B-cell transformation, and highlights the
remarkable efficiency with which a single virus
genome, having reached the nucleus, then drives the
transformation program (SHANNON-LOWE et al.
2005). NK cell activation by DCs can limit primary
EBV infection in tonsils until adaptive immunity
establishes immune control of this persistent and
oncogenic human pathogen (STROwIG et al. 2008).

Four different models have been proposed to
explain the transition of EBV from the latent reser-
voir of infection in blood-borne B lymphocytes to
sites of productive replication in oral epithelium.
Model 1 proposes that B lymphocytes carrying latent
EBV infection migrate from the blood to the epithe-
lium, where the EBV reactivates and infects adjacent
epithelial cells (Imar et al. 1998); Model 2 proposes
that EBV virions produced by B lymphocytes in the
oral submucosa bind submucosal EBV-specific
dimeric immunoglobulin A (IgA) and enter basal
oral epithelial cells by endocytosis via the polymeric
Ig receptor (SIXBEY et al. 1992); Model 3 proposes
that EBV virions produced by B lymphocytes in oral
lymphoid tissues gain access to and infect middle-
and upper-layer oral epithelial cells as a result of
microscopic traumatic epithelial injury (NIEDOBITEK
2000); Model 4 proposes that blood-borne pre-LC are
latently infected with EBV and that oral epithelium

cells are likely to be LC harbor EBV infection that can
reactivate into productive EBV replication (WALLING
et al. 2007). However, the process of EBV entry into
keratinocytes and NPC cells is more complex, as both
keratinocytes and NPC cells express only low levels
of CR2 receptor (BiLLAUD et al. 1989). In addition,
the relevance of serological tests for EBV infection in
predicting the occurrence of NPC is presently still
unclear.

2.3.3.3
EBV Subtype in NPC

EBV ubiquitously infects more than 95% of adult
population worldwide, but NPC is an endemic dis-
ease. One possibility is that there are malignancy-
associated EBV subtypes, which are prevalent in NPC
endemic area. The first full-length sequence analysis
of an NPC-derived EBV strain from a patient with
NPC in Guangdong, China, has been analyzed. This
EBV strain was termed GD1 (Guangdong strain 1).
Compared with prototypical strain B95.8, there are
many sequence variations in GD1 when compared
with 43 deletion sites, 44 insertion sites, and 1,413
point mutations. The selected GDI1 mutations
detected with high frequency in Cantonese NPC
patients suggest that GD1 is highly representative of
the EBV strains isolated from NPC patients in
Guangdong, China, an area with the highest inci-
dence of NPC in the world (ZENG et al. 2005).

EBV can be classified as type 1 (A) and type 2 (B)
based on sequence divergence in EBNA2, 3A, 3B, and
3C genes (ADLDINGER et al. 1985; SAMPLE et al. 1990).
Type 1 EBV contains an extra BamHI site in the
BamHI F region (“f” variant) and loss of a BamHI
site at the BamHI W//I boundary (“c” variant)
(Bouzip et al. 1998; Lo et al. 2007; LUNG et al. 1991).
Type 1 EBV is more prevalent in most Southern
Chinese patients with NPC or other head and neck
tumor patients, while Type 2 EBV or the coexistence
of type 1 and 2 EBV are seen only occasionally
(ABDEL-HAMID et al. 1992; CHEN et al. 1992; CHOI
et al. 1993; SUNG et al. 1998; ZIMBER et al. 1986). But
an early report stated that type 2 virus occurs mainly
in Africa, and that type 1 is distributed widely in the
world (YouNG et al. 1987). It was found that “f” vari-
ant might have an association with the development
and/or maintenance of NPC among Southern Chinese
(LunaG et al. 1991). More evidence showed that these
types were just related with EBV geographical distri-
bution (SANDVEJ et al. 1997). An Xhol restriction site
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loss and a 30 bp deletion within the LMPI gene define
an EBV strain that is associated with increased tum-
origenicity or with disease among particular geo-
graphical populations (L1 et al. 1996; SANDVE] et al.
1997; TRIVEDI et al. 1994). However, these notions
have recently been challenged by the fact that virus
with a deleted version of LMP1 is present in the gen-
eral population in endemic regions, which can also
be found in nonendemic areas within Asia (ITAKURA
et al. 1996) and in Western countries (SANDVEJ et al.
1997). Moreover, it has been shown that the LMPI
gene from nonendemic Russian NPC harbors a non-
deleted version of LMPI, whereas the gene with a
deletion can be found in healthy subjects from the
same area (HAHN et al. 2001). According to LMPI
C-terminal variants, EDWARDs et al. (1999) have
defined EBV into at least seven substrains: Ch1, Ch2,
Med, Ch3, Alaskan, NC, and B95.8. They found among
Asian isolates, the Ch1 and B95.8 strains were in nor-
mal specimens and the Chl and Ch2 strains in NPC.
They also found Chl strain prevalent in the NPC
patients from areas of endemicity and nonendemic-
ity (EDWARDS et al. 1999). It was also proved the
Cantonese population is susceptible to the predomi-
nant Chl strain in the nasopharyngeal carcinoma
endemic region of China, but its relationship with the
host remains to be characterized further (L1 et al.
unpublished data). EBNA-1 can also be classified into
five subtypes: P-ala, P-thr, V-val, V-leu, and V-pro
based on the polymorphism of amino acids at posi-
tion 487 (BHATIA et al. 1996; GUTIERREZ et al. 1997;
SNUDDEN et al. 1995), which has been associated with
geographical location or disease status (IMAI et al.
1998; ZHANG et al. 2004). LMP] is an EBV oncogene
expressed frequently in EBV-associated malignancies
(ELioPOULOS et al. 1997; KILGER et al. 1998; WANG et
al. 1985). A new typing standard based on 155849nt in
RPMSI1 of EBV may represent a specific EBV subtype
(A type) in the NPC endemic region, and could serve
as a valuable indicator for a high risk of NPC in
Southern China (Li et al., unpublished data).

2334
EBV Expression in NPC

In nonkeratinizing NPCs, the virus is detectable in
almost all cancer cells, where it is present as a mono-
clonal episome (NIEDOBITEK et al. 1996; RAAB-
TRAUB et al. 1986). Moreover, monoclonal viral
genomes have also been detected in in situ NPCs
(PATHMANATHAN et al. 1995). Expression of the viral

genome in nonkeratinizing NPC has been studied
extensively. During latency, up to 11 viral genes are
expressed that encode up to nine proteins and EBV
infection in NPC is classified as latency type II, which
is characterized by expression of the EBERs, EBNAL,
LMP1,LMP2A, and the Bam H1 A transcripts, despite
LMP1 is only expressed in up to approximately 65%
of nasopharyngeal carcinoma tumors (NIEDOBITEK
etal.2000; YOUNG et al. 2000). While remaining latent,
EBV can induce RNA and protein production. Recent
evidence demonstrated the association of distinct
lytic promoter sequence variation with NPC in
Southern Chinese and suggested the participation of
a lytic-latent switch of EBV in NPC carcinogenesis
(TonG et al. 2003).

In NPC cells, the virus is in the form of episome
and not integrated into the host genome. LMPI and
BARF]I have profound effects on cellular gene expres-
sion and may contribute to EBV-mediated tumorigen-
esis. In vitro, LMPI expression in epithelial cells can
induce or upregulate the expression of intercellular
adhesion molecule 1 (ICAM-1), CD40, and cytokines
such as interleukin 6 (IL-6) and IL-8 (DAwsoON et al.
1990; EL1oPOULOS et al. 1997). Expression of LMPI in
immortalized nasopharyngeal epithelial cells induces
an array of genes involved in growth stimulation,
enhanced survival, and increased invasive potentials
(Lo et al. 2004). Blocking the important signaling
activities of LMPI abrogates transformation and testi-
fies to the importance of such events in the transfor-
mation process (MURRAY et al.2000). BARF]I is able to
immortalize primate epithelial cells and enhance
growth rate of the transfected cells (WEI et al. 1997). A
family of rightward transcripts from the BamHI A
region was initially identified in cDNA libraries from
NPC where they are abundantly and consistently
expressed (GILLIGAN et al. 1991).

2.3.3.5
The Role of EBV in the Pathogenesis of NPC

Biology of EBV Infection

Approximately 90% of the adult population through-
out the world is EBV-positive by serology (Lo et al.
2004). After primary infection at early age, persistent
EBV latent infection is found in some resting B cells,
but has not been detected in the nasopharyngeal epi-
thelia of healthy individuals (BABcock et al. 1998;
Tao et al. 1995). However, EBV infection has been
demonstrated in situ carcinomas of the nasophar-
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ynx, which are presumed precursor lesions of NPC
(NIEDOBITEK et al. 1996). These findings seem to
suggest that EBV infection takes place before inva-
sive growth begins, but probably does not represent
the first step in the pathogenesis of NPC. The EBV
latent proteins include the six nuclear antigens
(EBNAs 1, 2, 3A, 3B and 3C, and EBNA-LP) and the
three latent membrane proteins (LMPs 1, 24, 2B).
EBNA-LP is transcribed from variable numbers of
repetitive exons. LMP2A and LMP2B are composed
of multiple exons located on either side of the termi-
nal repeats (TR) region, which is formed during the
circularization of the linear DNA to produce the viral
episome. EBER1 and EBER2 are highly transcribed
nonpolyadenylated RNAs and their transcription is a
consistent feature of latent EBV infection. A pivotal
biologic property of the virus is the ability to alter
B-lymphocyte growth in vitro, leading to permanent
growth transformation.

EBV entering in B lymphocytes is mainly medi-
ated by binding of the major viral envelope glycopro-
tein, gp350/220 (gp350), to CD21 receptor on the
surface of B cells (NEMEROW et al. 1987),and through
the binding of a second glycoprotein, gp42, to HLA
class II molecules as a coreceptor (Borza et al. 2002).
EBV encodes more than 100 genes, at least ten genes
are for EBV replication, and viral genes include three
integral membrane proteins. Apart from latent mem-
brane proteins 1, 2A, and 2B (LMP) and six EBNAs
(EBNA1, 2, 3A,3B, 3C, and EBNA-LP), two small
untranslated EBV RNAs (EBERs) (RickINsON 2002;
Rowe 2001; Roy et al. 2004; SmMITH 2001) are also
encoded by EBV. These viral proteins profit to cell
immortalization and malignant transformation by
various signaling mechanisms. For example, LMPI
encoded by EBV is a membrane protein that activates
multiple signaling pathways and transcription fac-
tors,including nuclear factor-kappaB (NF-xB). NF-xB
activation is necessary for Hodgkin/Reed-Sternberg
(HRS) cells to proliferate and inhibit apoptosis
(BArRGoOU et al. 1997). Furthermore, activation of
NF-kB is essential for B-cell immortalization by EBV
and LMPI-mediated transformation of fibroblasts
(HE et al. 2000). To understand the pathogenic prop-
erties of EBV in NPC, the state of EBV infection and
viral gene expression have been determined in biopsy
samples of NPC (RaaB-TRAUB 2002).

The EBV-Encoded Nuclear Antigens

Cells infected EBV express a group of nuclear pro-
teins, which influence both viral and cellular tran-

scription. EBNA1 is expressed in all transformed
lymphoid cell lines and EBV-associated tumors. This
protein is required for the replication and mainte-
nance of the episomal EBV genome through binding
to the plasmid origin of viral replication, OriP. EBNA1
can also interact with certain viral promoters as a
transcriptional transactivator and has been shown to
upregulate the LMP1 promoter (LIN et al. 2002).
Humme et al. has reported that EBNA1 does not have
a crucial function in in vitro B-cell transformation
beyond the maintenance of the viral genome by
Gene-knockout method (HuMME et al. 2003). EBNA2
is an acidic phosphoprotein, which transcriptionally
activates both cellular and viral genes, thus upregu-
lating the expression of certain B-cell antigens, CD21
and CD23, as well as LMP1 and LMP2 (LIN et al.
2002). Two types of EBNA2 have been identified,
encoded by divergent DNA sequences, EBNA2A or
2B, that distinguish two types of EBV, EBV1 or 2
(DAMBAUGH et al. 1984). The three members of the
EBNA3 family, EBNA3A, 3B, and 3C, all appear to
have a common origin and encode hydrophilic
nuclear proteins, which contain heptads repeats of
leucine, isoleucine, or valine that can act as dimeriza-
tion domains (LIN et al. 2002). The EBNA2 and 3 pro-
teins are the major targets of cytotoxic T-lymphocytes
that eliminate latently infected, growth-transformed
B-cells (MURRAY et al. 1992). EBNA-LP is encoded by
the leader of each of the EBNA mRNAs and encodes
a protein of variable size depending on the number
of BamHI W repeats contained by a particular EBV
isolate (LiN et al. 2002). A role for EBNA-LP in
enhancing EBNA2-mediated transcriptional activa-
tion has been proposed (LN et al. 2002).

The EBV-Encoded Latent Membrane Proteins

LMP1 is an integral membrane protein with onco-
genic potential encoded by the BNLF-1 gene (also
called LMPI gene) of EBV (HuDsoN et al. 1985), and
is the first EBV latent gene found to transform estab-
lished rodent cell lines and alter the phenotype of
both lymphoid and epithelial cells (MARTIN et al.
1993; MOORTHY et al. 1993; WANG et al. 1985). LMP1
is often present in nasopharyngeal carcinomas and
was detected in preinvasive lesions of the nasophar-
ynx (PATHMANATHAN et al. 1995).

EBV-encoded LMPI, expressed in most of NPC,
has been suggested to have an important role in the
pathogenesis and development of NPC and its expres-
sion correlates with poor prognosis (GULLO et al.
2008). The high percentage of detection of LMP1 in
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NPC samples, independent of histological type or
tumor location (BurGos 2005), supports a role for
EBV in the pathogenesis of different types of NPC,
where LMP1 overexpression could be an important
factor in the development of the disease. LMP1I is an
integral membrane protein containing a cytoplasmic
amino terminus, six transmembrane domains, and a
long cytoplasmic carboxy terminal portion (RaAB-
TraUB 2002). LMP1 functions as a constitutively
active tumor necrosis factor receptor (TNFR), acti-
vating a number of signaling pathways in a ligand-
independent manner (ELioPoULOs etal. 1997; KILGER
et al. 1998). Functionally, LMP1 resembles CD40 -
another member of the TNFR superfamily - and can
partially substitute for CD40 in vivo, providing both
growth and differentiation signals to B cells (UcHIDA
et al. 1999). The two distinct functional domains,
C-terminal activation regions 1 and 2 (CTARI and
CTAR?2), have been identified within the cytoplasmic
carboxy terminus of LMP1, which both can activate
the NF-«xB transcription factor (LiEBOowITZ et al.
1992). The consequences of NF-kB activation are
numerous and include the upregulation of antiapop-
totic gene products. These roles suggest that LMP1 is,
directly or indirectly, a key modulator of the apopto-
sis process. Expression of LMP1 plays an essential
role in immortalization of human B cells through the
activation of a number of cellular signaling pathways,
including NF«B, JNK, JAK/STAT, p38/MAP, and Ras/
MAPK (YoUNG et al. 2004). In human epithelial cells,
LMP1 alters many functional properties that may
involve in tumor progression and invasions.

Unlike LMP1, the LMP2 protein is not essential
for B-cell transformation in vitro (LONGNECKER
et al. 1992). However, the constant expression of this
viral gene in EBV-carrying memory B cells from
healthy individuals indicates that LMP2 may play an
important role in mediating virus persistence
(BaBcock et al. 1998). The LMP2 proteins are
encoded by highly spliced mRNAs that contain exons
located at both ends of the linear EBV genome (Laux
et al. 1988). LMP2A and 2B are the two forms of
LMP2. The LMP2A protein contains a unique 119-
amino acid N-terminal cytoplasmic tail that is absent
from LMP2B. LMP2A is shown to inhibit the switch
from latency to lytic EBV replication induced by
BCR triggering (LONGNECKER 2000). This effect has
been related to the ability of LMP2A to interfere with
BCR signaling and possibly plays a major role in
mediating EBV persistence in the infected host
(DoLcETTI et al. 2003). It has been approved that the
interaction of epithelial cells with extracellular

matrix proteins triggers LMP2A phosphorylation,
indicating that this EBV protein is involved in sig-
naling pathways activated by cell adhesion (SCHOLLE
etal. 1999). Ectopic expression of LMP2A in a human
keratinocyte cell line resulted in enhanced prolifera-
tion, clonogenicity in soft agar, and inhibition of dif-
ferentiation (DOLCETTI et al. 2003). LMP2B might
function by increasing the spacing between LMP2A
N-terminals, causing the release of the Src and Syk
protein tyrosine kinases and restoring BCR signal
transduction (BAUMFORTH et al. 1999).

The EBV-Encoded Noncoding RNAs

Viral microRNAs (miRNAs) were first shown to exist
following the cloning of small RNAs from a B cell line
latently infected with EBV (PFEFFER et al. 2004). A
recently appreciated property of EBV is that it
encodes about 30 mature miRNAs from 20 pre-
miRNAs, which, given the size of its genome (approx-
imately 165kb), represents a 1,000-fold enrichment
of this class of genes relative to those in its human
host (Ca1r et al. 2006; GRUNDHOFF et al. 2006;
LANDGRAF et al. 2007; PFEFFER et al. 2004). EBV’s
miRNAs have been detected by Northern blotting or
cloning (Car et al. 2006; GRUNDHOFF et al. 2006;
LANDGRAEF et al. 2007; PEEFFER et al. 2004). Among
these, BART7, 10, and 12 have been most frequently
detected and BART15 and 20-5p rarely or not at all
(Ca1 et al. 2006; EDWARDS et al. 2008; GRUNDHOFF et
al. 2006; Kim Do et al. 2007; Lo et al. 2007). A recent
report has shown that by using quantitative, stem-
loop, real-time PCR to measure the expression of
EBV’s miRNAs and found them to differ nearly 50-
and 25-fold among all tested cell lines and among
EBV-positive Burkitt’s lymphomas, respectively
(PrRATT et al. 2009). There is little or no increased
expression of its miRNAs when EBV’s lytic cycle is
induced (PRATT et al. 2009). EBV does not regulate its
productive cycle by altering the levels of its miRNAs
exception to BART2 (BARTH et al. 2008).

EBV encodes multiple miRNAs from two primary
transcripts, the BHRFI and the BARTs. The expres-
sion of BHRF1 miRNAs is dependent on the type of
virallatency,whereas the BART miRNAs are expressed
in cells during all forms of latency (PRATT et al. 2009).
EBV was found to encode five miRNAs clustered
within two genomic regions. miR-BHRF1-1, 2, and 3
are located within the untranslated region (UTR) of
BHRF1, an antiapoptosis Bcl-2 homolog. miR-
BHRF1-1 is located within the 5UTR with miR-
BHRF1-2 and 3 encoded within the 3’UTR.
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miR-BART-1 and 2 are located within intronic regions
of the BART family of transcripts, which are exten-
sively spliced. The BART family of transcripts has
been suggested to encode a number of proteins,
although it remains to be convincingly demonstrated
that these proteins are expressed during viral infec-
tion (SMITH et al. 2000). Subsequent investigation
identified a further 22 EBV miRNAs not identified in
the original study, due to a large deletion in the B95-8
strain used for the initial cloning strategy (CarI et al.
2006; GRUNDHOFF et al.2006). Three miRNAs encoded
within the BART region, miRBART16, miR-BART17-
5p, and miR-BART1-5p, have since been shown to
target sequences within the 3’UTR of the viral latent
membrane protein 1 (LMP1) following the transient
transfection of an LMP1 expression plasmid and var-
ious BART-derived miRNAs (Lo et al. 2007). In latent
infection, EBV also expresses at least 14 BART miR-
NAs, which are encoded by a genomic region, which
also encodes the noncoding BamHI A rightward tran-
scripts (BARTs) (Car et al. 2005; GRUNDHOFF et al.
2006; PFEFFER et al.2004). Seven of EBV’s microRNAs
are closely related to microRNAs of an EBV-related
monkey virus (Rhesus lymphocryptovirus) and pro-
vide a first example of miRNA conservation within
the herpesvirus family (Car1 et al. 2006).

EBV may also use cellular miRNAs to regulate gene
expression. There are at least two cellular miRNAs
with pleiotropic cellular effects that may be induced
by EBV proteins. LMP1 activates the promoter for
mir-146a, a cellular miRNA, which downregulates a
large number of interferon-responsive genes (Lo et al.
2007). Thus, EBV may cooperate a cellular miRNA
pathway involved in modulating the interferon
response to enhance EBV replication in vivo. miR-155
is a cellular miRNA derived from BIC, a noncoding
RNA whose expression is upregulated in a variety of
B cell malignancies including diffuse large B cell lym-
phomas, CLL, and Hodgkin’s lymphoma (Eis et al.
2005;Furcretal.2007; KLUIVER et al.2005). Consistent
with an important role for miR-155 in B cell malig-
nancy, transgenic mice carrying an miR-155 trans-
gene develop B cell lymphomas (COSTINEAN et al.
2006). This indicates that EBV induces cell miRNAs
with effects on immune responses and oncogenesis.

The most abundant RNAs in EBV-infected cells are
small nuclear EBER RNAs that are present at approxi-
mately 10° copies per cells but are not necessary for
lymphocyte transformation (ARRAND et al. 1982;
SWAMINATHAN et al. 1991). EBER1 and EBER2 have
167 and 172 nucleotides, respectively. The EBERs are
expressed in many of the malignancies linked to EBV

and presumably contribute in some way to the mainte-
nance of latency in vivo (RAAB-TRAUB 2002). The evo-
lutionary conservation of EBERs among primate
homologs of EBV and their ubiquitous expression sug-
gests that they play a critical role in EBV biology, such
as apoptosis, lymphomagenesis, cell transformation,
and some genes expression (SWAMINATHAN 2008).

In nasopharyngeal carcinoma cells, the EBER2
promoter was stronger than the H1 and U6 promot-
ers in shRNA synthesis, leading to more effective
knockdown of the target genes. The EBER promoters
fundamentally different from those of H1 and U6 can
be used to drive the intracellular expression of shR-
NAs for effective silencing of target genes in mam-
malian cells and particularly in EBV-infected cells
(CHOY et al. 2008).

NPC Stem Cells

In normal organs, stem cells are defined as a subset
of cells with the capacity of self-renewal to maintain
the stem cell reservoir and of differentiation to gen-
erate various types of cells in the tissue. By self-
renewal, stem cells divide symmetrically and
perpetuate themselves by generating daughter cells
with identical stem cell abilities of parent. By differ-
entiation, stem cells give rise to a hierarchy of limit-
edly proliferative but functional mature cells. This
model was first established in hematopoietic system,
in which a small number of donor cells identified
with stem cell characteristics can reconstitute the
bone marrow by transplantation. After that, tissue-
specific stem cells were isolated from multiple organs
including lung, skin, liver, and brain. The stem popu-
lation principally stays quiescent in specialized
niches under physiological conditions while actively
entering a proliferation state and differentiating in
response to specific stimuli. The balance of self-
renewal and differentiation is accurately orchestrated
to maintain the tissue homeostasis. Zhang and
coworkers first described the identification of stem-
like cells in normal mouse nasopharyngeal epithe-
lium with the well-established label-retaining cell
(LRC) approach, which is based on the evidence that
stem cells are able to retain nucleoside analog includ-
ing bromodeoxyuridine (BrdU) (TUMBAR et al. 2004;
ZENG et al. 2007). In mouse nasopharyngeal strati-
fied squamous epithelia, less than 3% of cells were
long-term BrdU LRCs, of which 64.12% localized in
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the basal layer and 35.88% were in the superbasal
layer. Besides, approximately 12% of LRCs were
recruited into cell cycle progression, demonstrated
by double-label with BrdU and 3H-TdR. These find-
ings suggested the existence of stem cells in normal
nasopharynx.

Borrowed from the view of NSCs, cancer stem cells
(CSC) are proposed to be a small population of cells
within the tumors, which are capable of self-renewal
and generating heterogeneous progeny to constitute
the tumor bulk. The idea of CSC is not new but has
received increasing attention and enthusiasm in the
fields of oncology. This enthusiasm is justified by the
identification and characterization of rare tumor-
initiating cells analogous to NSCs within hematopoi-
etic malignancy and solid tumors including those of
breast, lung, colon, and brain. Several lines of evi-
dence support the existence of CSCs in NPC. First,
LRCs were also found in the mouse NPC xenografts
in addition to normal mouse pharynx, with a similar
percentage of less than 0.5% in mouse xenografts
generated by three human NPC cell lines. Second,
Wang and coworkers isolated side population (SP)
cells fitting the criteria of CSCs from human NPC cell
lines by using a cell-permeable DNA-specific bisben-
zimidazole dye Hoechst 33342 and further investi-
gated biological characteristics of SP cells including
proliferation, self-renewal, and tumor-initiation. In
one of the poorly differentiated NPC cell line CNE-2,
SP cells accounted for less than 3% of the whole pop-
ulation. After being sorted in vitro, SP cells showed
more extensive proliferative potential and generated
significantly more clones than non-SP cells. In addi-
tion, SP cells can give rise to non-SP cells, whereas
non-SP cells were unlikely able to generate SP cells.
Furthermore, increased resistance to conventional
therapies including chemotherapy and radiotherapy
was observed in SP cells. More importantly, in vivo
assays revealed that SP and non-SP cells were differ-
ent in the ability to initiated tumors. Ten thousand SP
cells were sufficient to form tumors while 200,000
non-SP cells were required (FRIBORG et al. 2007).

If the hypothesis is proved to be true about the
existence of stem cells in normal nasopharynx and
NPC, it will open a new frontier for exploring the
oncogensis, progression, and treatment-resistance of
NPC. This concept challenges the more traditional
view about tumor development, by which tumor cells
are assumed equal as for tumorigenesis, and the het-
erogeneity of tumor evolves from random mutations
or an environmental selection progress. Whereas
CSC hypothesis proposes that tumor is initiated and

maintained by a minority of tumor cells and the het-
erogeneity of tumor comes from the aberrant “dif-
ferentiation” of these cells.

Cancer stem cell hypothesis sheds much light on
the origin of NPC. Self-renewal is crucial in stemness
of CSCs. If the CSC proliferates but fails to self-renew,
the CSC pool will be inevitably exhausted. In consider-
ation of the observed similarities between CSCs and
its normal counterpart in terms of self-renewal and
cell surface markers, it is reasonable to assume that
CSCs origin from a mutated NMS, which escapes from
proliferation control but spare the self-renewal.
Actually, several lines of evidences indicate that this
may be the case. For example, Kim et al. 2005 isolated
putative bronchioalveolar stem cells (BASC) from
mouse lung. Oncogenic K-ras was found to activate
the expansion of BASCs and transform these cells into
adenocarcinoma precursors. Moreover, PTEN dele-
tion in mouse hematopoietic stem cells has been sug-
gested to result in a myeloproliferative disorder and
followed by acute T-lymphoblastic leukemia (Guo et
al. 2008). Besides, there is another possibility that a
restricted progenitor or terminally differentiated cell,
which experiences a serial of mutations and acquires
the ability of self-renewal, gives rise to the subset of
tumor cells with some features of NMSs. Actually,
many pathways important for the maintenance of
NMSs are found disregulated in a variety of cancers.
For example, Bmi-1, a member of Polycomb group
(PcG) genes, is required for the maintenance and self-
renewal of embryonic and somatic stem cells. In the
context of NPC, Bmi-1 is found highly expressed in
both nasopharyngeal carcinoma cell lines as well as
NPC samples, which is negatively related to the prog-
nosis of NPC patients. Experimentally, overexpression
of Bmi-1 sufficiently immortalizes normal nasopha-
ryngeal epithelial cells by induction of telomerase
reverse transcriptase activity and inhibition of p16
(Ink 4a) expression (SONG et al. 2006).

Molecular Alterations

The genetic, environmental, and viral causative fac-
tors, either acting alone or in combination, would
lead to multiple genetic and epigenetic alterations
(Lo et al. 2004). The development of NPC involves
accumulation of multiple genetic and epigenetic
changes leading to the evolution of clonal cell
population that possesses growth advantages over
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other cells (Lo and HuaNG 2002). By comparative
genomic hybridization (CGH) analyses, a large num-
ber of primary NPC have recently been examined for
the gain and loss of genetic material in the genome,
including gain at chromosome 1q, 3q, 8q, 12 and loss
at 3p, 9p, 11q, and 14q (CHEN et al. 1999; CHIEN et al.
2001; FANG et al. 2001). The highest frequencies of
allelic loss were found on 3p (75%) and 9p (87.0%).
Using array-based CGH, frequent amplifications
were detected for several oncogene loci, including
MYCLI at 1p34.3 (66.7%), TERC at 3q26.3 (46.7%),
ESR at 6q25.1 (46.7%), and PIK3CA at 3q26.3 (40%)
(Hur et al. 2002). Loss of heterozygosity analysis
(LOH) on 9q, 11q, 13q, and 14q was found in over
50%% of the NPC samples (Lo and Huang 2002).
The most frequent LOH were observed at chromo-
some 3p, 9p, and 14q, which is in agreement with the
CGH-based findings. In addition, some karyotyping-
based studies have been performed on NPC, where
many structural and numerical alterations found on
1p, 3p, 3q, 59, 9p, 12, 11q, 13q, 14q, 16q, and X
(BERNHEIM et al. 1993; CHANG et al. 1989; Hu1 et al.
1998; LiN et al. 1993; ZHANG et al. 1982). Among
these alterations, deletion of 3p and gain of 3q are
the most frequent events (Lo et al. 1997; Lo and
HuaNG 2002). A recent spectral karyotyping (SKY)
analysis on NPC cell lines confirmed most of the
abnormalities identified previously by CGH and
LOH and illustrated additional breakpoints on a
number of apparently balanced chromosomes,
including 3p21, 3926, 5q31, 6p21-p25, 7pl4-p22, and
8q22 (WoNG et al. 2003).

Genes located on chromosomes 9p21 (pl4, p16)
and 3p21.3 (RASSF1A) were found to be defective
owing to deletion or promoter hypermethylation
(KwonG et al. 2002; Lo et al. 1996). Frequent pro-
moter hypermethylation of cancer genes is an impor-
tant feature of NPC (Lo et al. 2004). The tumor
suppressor properties of p16 and RASSF1A have also
been demonstrated in NPC cells (CHow et al. 2004;
WAaNG et al. 1999). Induction of epigenetic altera-
tions of cellular genes was proposed as one of the
mechanisms for enhancing the transformation of
nasopharyngeal epithelial cells by EBV infection (Lo
and HuaNG 2002).

In NPC cells, the apoptosis process may be inter-
fered by multiple genetic changes. Overexpression of
Bcl-2 and inactivation of p53 pathway is believed to be
the major mechanisms for the reduction in apoptosis
in this cancer (Lo and Huang 2002). Bcl-2 product
has a high degree of homology with BHRF-1, an open
reading frame product in the EBV genome (CLEARY

et al. 1986) that disturbs epithelial cell differentiation
(DawsoN et al. 1995). The high prevalence of Bcl-2
detected in NPC is consistent with the frequent immu-
noreactivity of this oncoprotein exhibited by the basal
layer cells of nasopharyngeal normal mucosa, at the
same time that Bcl-2 protein produces a significant
extension of cell survival may be considered a key
event either in cell transformation or in tumor growth
(KoRSMEYER 1992). EBV can use viral proteins influ-
ence the expression of Bcl-2,as LMP1 (BurGos 2005).
However, studies on the value of p53 in NPC are con-
troversial; some studies showed that p53 protein accu-
mulation may be a common event in carcinogenesis
(NI1EDOBITEK et al. 1993; NIEDOBITEK et al. 1994;
SAKAI et al. 1992), but in the last few years strong evi-
dence indicates the low incidence in p53 modifica-
tions in this cancer (Kouvipou et al. 1997; NASRIN et
al. 1994; N1IEMHOM et al. 2000; SPRUCK et al. 1992; SUN
et al. 1992). To reveal the tumorigenesis pathway, sev-
eral studies have examined the early events in NPC
development. Some reports have demonstrated clonal
proliferation, overexpression of Bcl-2, telomerase acti-
vation, and EBV infection in the precancerous lesions
(CHANG et al.2000; JTIANG et al. 1996; PATHMANATHAN
et al. 1995; SHEU et al. 1997).

From the view of tumor development, emerging
data suggest that several pathways essential in devel-
opment, such as Sonic hedgehog and Wnt/B-catenin,
disregulated in CSCs. In NPC, Smo is activated in SP
cells and the resistance of SP cells to radiotherapy is
partially reversed by cyclopamine, which blocks SHH
signaling pathway through binding to Smo (FRIBORG
et al. 2007). Gene expression profiling indicated that
multiple components of Wnt/B-catenin pathway were
upregulated (ZENG et al. 2007). EBV latent membrane
protein 2A (LMP2A) and epigenetic inactivation of
Wt inhibitory factor 1 were suggested to contribute
to the aberrant activation of Wnt/B-catenin pathway
(CHAN et al. 2007; MORRISON et al. 2005). These data
indicate that Wnt/B-catenin pathway may play an
important role in the tumorigenesis and progression
of NPC.

Summary

The geographically constrained distribution of EBV-
associated NPC in Southeast Asian populations sug-
gests that both viral and host genetics may influence
disease risk (GuLLo et al. 2008). NPC undergoes a
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multistep carcinogenesis. The consistent expression
of specific viral genes and the detection of latent
membrane protein in every cell in NPC samples and
in premalignant lesions suggest that these viral gene
products contribute to the abnormal proliferation,
as they may serve as specific tumor markers and tar-
gets for novel therapy strategies (Lo et al. 2004).
Moreover, the induction of EBV replication in
latently infected cells is being evaluated as a thera-
peutic approach to stop malignant cell proliferation
(AMBINDER et al. 1999). The high frequencies of epi-
genetic alterations in this cancer suggest the poten-
tial application of novel inhibitors targeting DNA
methylation and histone acetylation. Additionally,
the identification of cancer stem cells in NPC pro-
vides important insight into understanding NPC
biology and may also help develop new strategies to
fight NPC more efficiently, which will ultimately
improve the prognosis of NPC patients.

References

Abdel-Hamid M, Chen JJ, Constantine N, et al (1992) EBV
strain variation: geographical distribution and relation to
disease state. Virology 190(1):168-175

Adldinger HK, Delius H, Freese UK, et al (1985) A putative
transforming gene of Jijoye virus differs from that of
Epstein-Barr virus prototypes. Virology 141(2):221-234

Altmann M, Hammerschmidt W (2005) Epstein-Barr virus
provides a new paradigm: a requirement for the immediate
inhibition of apoptosis. PLoS Biol 3(12):e404

Ambinder RE Robertson KD, Tao Q (1999) DNA methylation
and the Epstein-Barr virus. Semin Cancer Biol 9(5):369-375

Armstrong RW, Imrey PB, Lye MS, et al (1998) Nasopharyngeal
carcinoma in Malaysian Chinese: salted fish and other
dietary exposures. Int ] Cancer 77(2):228-235

Armstrong RW, Imrey PB, Lye MS, et al (2000) Nasopharyngeal car-
cinoma in Malaysian Chinese: occupational exposures to par-
ticles, formaldehyde and heat. Int ] epidemiol 29(6):991-998

Arrand JR, Rymo L (1982) Characterization of the major
Epstein-Barr virus-specific RNA in Burkitt lymphoma-
derived cells. ] Virol 41(2):376-389

Babcock GJ, Decker LL, Volk M, et al (1998) EBV persistence in
memory B cells in vivo. Immunity 9(3):395-404

Baer R, Bankier AT, Biggin MD, et al (1984) DNA sequence and
expression of the B95-8 Epstein-Barr virus genome.
Nature 310(5974):207-211

Bargou RC,Emmerich FKrappmann D, etal (1997) Constitutive
nuclear factor-kappaB-RelA activation is required for pro-
liferation and survival of Hodgkin’s disease tumor cells.
] Clin Invest 100(12):2961-2969

Barth S, Pfuhl T, Mamiani A, et al (2008) Epstein-Barr virus-
encoded microRNA miR-BART2 down-regulates the viral
DNA polymerase BALF5. Nucleic acids Res 36(2):666-675

Baumforth KR, Young LS, Flavell KJ, et al (1999) The Epstein-
Barr virus and its association with human cancers. Mol
Pathol 52(6):307-322

Bernheim A, Rousselet G, Massaad L, et al (1993) Cytogenetic
studies in three xenografted nasopharyngeal carcinomas.
Cancer genet cytogenet 66(1):11-15

Bhatia K, Raj A, Guitierrez MI, et al (1996) Variation in the
sequence of Epstein-Barr virus nuclear antigen 1 in nor-
mal peripheral blood lymphocytes and in Burkitt’s lym-
phomas. Oncogene 13(1):177-181

Billaud M, Busson P, Huang D, et al (1989) Epstein-Barr virus
(EBV)-containing nasopharyngeal carcinoma cells express
the B-cell activation antigen blast2//CD23 and low levels of
the EBV receptor CR2.] Virol 63(10):4121-4128

Borza CM, Hutt-Fletcher LM (2002) Alternate replication in B
cells and epithelial cells switches tropism of Epstein-Barr
virus. Nat med 8(6):594-599

Bouzid M, Sheng W, Buisson M, et al (1998) Different distribu-
tion of H1-H2 Epstein-Barr virus variant in oropharyngeal
virus and in biopsies of Hodgkin’s disease and in nasopha-
ryngeal carcinoma from Algeria. Int ] Cancer 77(2):205-210

Buell P (1974) The effect of migration on the risk of nasopha-
ryngeal cancer among Chinese. Cancer res 34(5):1189-1191

Burgos JS (2005) Involvement of the Epstein-Barr virus in the
nasopharyngeal carcinoma pathogenesis. Med oncol 22(2):
113-121

Cai X, Lu S, Zhang Z, et al (2005) Kaposi’s sarcoma-associated
herpesvirus expresses an array of viral microRNAs in latently
infected cells. Proc Natl Acad Sci U S A 102(15):5570-5575

CaiX,Schafer A,LuS,etal (2006) Epstein-Barr virus microRNAs
are evolutionarily conserved and differentially expressed.
PLoS pathog 2(3):e23

Chan AT, Teo PM, Johnson PJ (2002) Nasopharyngeal carci-
noma. Ann Oncol 13(7):1007-1015

Chang JT, Liao CT, Jung SM, et al (2000) Telomerase activity is
frequently found in metaplastic and malignant human
nasopharyngeal tissues. Br ] Cancer 82(12):1946-1951

Chang YS, Lin SY, Lee PF, et al (1989) Establishment and char-
acterization of a tumor cell line from human nasopharyn-
geal carcinoma tissue. Cancer Res 49(23):6752-6757

Chang YS, Tyan YS, Liu ST, et al (1990) Detection of Epstein-
Barr virus DNA sequences in nasopharyngeal carcinoma
cells by enzymatic DNA amplification. J Clin Microbiol
28(11):2398-2402

Chan SL, Cui Y, van Hasselt A, et al (2007) The tumor suppres-
sor Wnt inhibitory factor 1 is frequently methylated in
nasopharyngeal and esophageal carcinomas. Lab invest
87(7):644-650

Chen HL, Lung MM, Sham JS, et al (1992) Transcription of
BamHI-A region of the EBV genome in NPC tissues and B
cells. Virology 191(1):193-201

Chen YJ,Ko JY, Chen PJ, et al (1999) Chromosomal aberrations in
nasopharyngeal carcinoma analyzed by comparative genomic
hybridization. Genes Chromosomes Cancer 25(2):169-175

Chien G, Yuen PW, Kwong D, et al (2001) Comparative genomic
hybridization analysis of nasopharygeal carcinoma: con-
sistent patterns of genetic aberrations and clinicopatho-
logical correlations. Cancer Genet Cytogenet 126(1):63-67

Cho EY, Hildesheim A, Chen CJ, et al (2003) Nasopharyngeal
carcinoma and genetic polymorphisms of DNA repair
enzymes XRCC1andhOGG1.Cancer Epidemiol Biomarkers
Prev 12(10):1100-1104




Pathogenesis and Etiology of Nasopharyngeal Carcinoma

21

Choi PH, Suen MW, Huang DP, et al (1993) Nasopharyngeal
carcinoma: genetic changes, Epstein-Barr virus infection,
or both. A clinical and molecular study of 36 patients.
Cancer 72(10):2873-2878

Chou J, Lin YC, Kim J, et al (2008) Nasopharyngeal carcinoma
- review of the molecular mechanisms of tumorigenesis.
Head Neck 30(7):946-963

Chow LS, Lo KW, Kwong J, et al (2004) RASSFIA is a target
tumor suppressor from 3p21.3 in nasopharyngeal carci-
noma. Int ] Cancer 109(6):839-847

Choy EY, Kok KH, Tsao SW, et al (2008) Utility of Epstein-Barr
virus-encoded small RNA promoters for driving the
expression of fusion transcripts harboring short hairpin
RNAs. Gene ther 15(3):191-202

Cleary ML, Smith SD, Sklar J (1986) Cloning and structural
analysis of cDNAs for bcl-2 and a hybrid bcl-2//immuno-
globulin transcript resulting from the t (14;18) transloca-
tion. Cell 47(1):19-28

Cohen JI (2000) Epstein-Barr virus infection. N Engl ] Med
343(7):481-492

Costinean S, Zanesi N, Pekarsky Y, et al (2006) Pre-B cell prolif-
eration and lymphoblastic leukemia//high-grade lym-
phoma in E (mu)-miR155 transgenic mice. Proc Natl Acad
Sci U S A 103(18):7024-7029

Dambaugh T, Hennessy K, Chamnankit L, et al (1984) U2 region
of Epstein-Barr virus DNA may encode Epstein-Barr nuclear
antigen 2. Proc Natl Acad Sci U S A 81(23):7632-7636

Dawson CW, Eliopoulos AG, Dawson J, et al (1995) BHRF1, a
viral homologue of the Bcl-2 oncogene, disturbs epithelial
cell differentiation. Oncogene 10(1):69-77

Dawson CW, Rickinson AB, Young LS (1990) Epstein-Barr
virus latent membrane protein inhibits human epithelial
cell differentiation. Nature 344(6268):777-780

Deng L, Jing N, Tan G, et al (1998) A common region of allelic
loss on chromosome region 3p25.3-26.3 in nasopharyn-
geal carcinoma. Genes Chromosomes Cancer 23(1):21-25

Dolcetti R, Masucci MG (2003) Epstein-Barr virus: induction
and control of cell transformation. J Cell Physiol 196(2):
207-218

Edwards RH, Marquitz AR, Raab-Traub N (2008) Epstein-Barr
virus BART microRNAs are produced from a large intron
prior to splicing. J Virol 82(18):9094-9106

Edwards RH, Seillier-Moiseiwitsch F, Raab-Traub N (1999)
Signature amino acid changes in latent membrane protein 1
distinguish Epstein-Barr virus strains. Virology 261(1):79-95

Eis PS, Tam W, Sun L, et al (2005) Accumulation of miR-155
and BIC RNA in human B cell lymphomas. Proc Natl Acad
Sci U S A 102(10):3627-3632

Eliopoulos AG, Stack M, Dawson CW, et al (1997) Epstein-Barr
virus-encoded LMP1 and CD40 mediate IL-6 production
in epithelial cells via an NF-kappaB pathway involving TNF
receptor-associated factors. Oncogene 14(24):2899-2916

Epstein MA, Achong BG, Barr YM (1964) Virus particles in cul-
tured lymphoblasts from Burkitt’s lymphoma. Lancet
1(7335):702-703

Epstein MA, Barr YM, Achong BG (1966) Preliminary observa-
tions on new lymphoblast strains (EB4, EB5) from Burkitt
tumours in a British and a Ugandan patient. Br ] Cancer
20(3):475-479

Fang Y, Guan X, Guo Y, et al (2001) Analysis of genetic altera-
tions in primary nasopharyngeal carcinoma by compara-

tive genomic hybridization. Genes Chromosomes Cancer
30(3):254-260

Friborg JT, Yuan JM, Wang R, et al (2007) A prospective study of
tobacco and alcohol use as risk factors for pharyngeal car-
cinomas in Singapore Chinese. Cancer 109(6):1183-1191

Friborg J, Wohlfahrt J, Koch A, et al (2005) Cancer susceptibility
in nasopharyngeal carcinoma families - a population-
based cohort study. Cancer Res 65(18):8567-8572

Fulci V, Chiaretti S, Goldoni M, et al (2007) Quantitative tech-
nologies establish a novel microRNA profile of chronic
lymphocytic leukemia. Blood 109(11):4944-4951

Gilligan K]J, Rajadurai P, Lin JC, et al (1991) Expression of the
Epstein-Barr virus BamHI A fragment in nasopharyngeal
carcinoma: evidence for a viral protein expressed in vivo.
J Virol 65(11):6252-6259

Grundhoff A, Sullivan CS, Ganem DA (2006) combined com-
putational and microarray-based approach identifies novel
microRNAs encoded by human gamma-herpesviruses.
RNA 12(5):733-750

Gullo C, Low WK, Teoh G (2008) Association of Epstein-Barr
virus with nasopharyngeal carcinoma and current status
of development of cancer-derived cell lines. Ann Acad Med
Singapore 37(9):769-777

Guo W, Lasky JL, Chang CJ, et al (2008) Multi-genetic events
collaboratively contribute to Pten-null leukaemia stem-cell
formation. Nature 453(7194):529-533

Gutierrez MI, Raj A, Spangler G, et al (1997) Sequence varia-
tions in EBNA-1 may dictate restriction of tissue distribu-
tion of Epstein-Barr virus in normal and tumour cells.
] Gen Virol 78(Pt 7):1663-1670

Hahn P, Novikova E, Scherback L, et al (2001) The LMP1 gene
isolated from Russian nasopharyngeal carcinoma has no
30-bp deletion. Int ] Cancer 91(6):815-821

Hepeng J (2008) Zeng Yi profile. A controversial bid to thwart
the ‘Cantonese cancer’. Science 321(5893):1154-1155

He Z, Xin B, Yang X, et al (2000) Nuclear factor-kappaB activa-
tion is involved in LMP1-mediated transformation and tum-
origenesis of rat-1 fibroblasts. Cancer Res 60(7):1845-1848

Hildesheim A, Anderson LM, Chen CJ, et al (1997) CYP2E1
genetic polymorphisms and risk of nasopharyngeal carci-
noma in Taiwan. ] Natl Cancer Inst 89(16):1207-1212

Hildesheim A, Apple R], Chen CJ, et al (2002) Association of
HLA class I and II alleles and extended haplotypes with
nasopharyngeal carcinoma in Taiwan. ] Natl Cancer Inst
94(23):1780-1789

Hildesheim A, Chen CJ, Caporaso NE, et al (1995) Cytochrome
P4502E1 genetic polymorphisms and risk of nasopharyn-
geal carcinoma: results from a case-control study con-
ducted in Taiwan. Cancer Epidemiol Biomarkers Prev
4(6):607-610

Hudson GS, Farrell PJ, Barrell BG (1985) Two related but dif-
ferentially expressed potential membrane proteins encoded
by the EcoRI Dhet region of Epstein-Barr virus B95-8.
] Virol 53(2):528-535

Hui AB, Cheung ST, Fong Y, et al (1998) Characterization of a
new EBV-associated nasopharyngeal carcinoma cell line.
Cancer Genet Cytogenet 101(2):83-88

Hui AB, Lo KW, Leung SF, et al (1999) Detection of recurrent
chromosomal gains and losses in primary nasopharyngeal
carcinoma by comparative genomic hybridisation. Int
J Cancer 82(4):498-503




22

M-S. Zeng and Y-X. Zeng

Hui AB, Lo KW, Teo PM, et al (2002) Genome wide detection of
oncogene amplifications in nasopharyngeal carcinoma by
array based comparative genomic hybridization. Int
] Oncol 20(3):467-473

Humme S, Reisbach G, Feederle R, et al (2003) The EBV nuclear
antigen 1 (EBNA1) enhances B cell immortalization several
thousandfold. Proc Natl Acad Sci U S A 100(19):
10989-10994

Imai S, Nishikawa J, Takada K (1998) Cell-to-cell contact as an
efficient mode of Epstein-Barr virus infection of diverse
human epithelial cells. ] Virol 72(5):4371-4378

Itakura O, Yamada S, Narita M, et al (1996) High prevalence of a
30-base pair deletion and single-base mutations within the
carboxy terminal end of the LMP-1 oncogene of Epstein-Barr
virus in the Japanese population. Oncogene 13(7):1549-1553

Jeyakumar A, Brickman TM, Jeyakumar A, et al (2006) Review
of nasopharyngeal carcinoma. Ear Nose Throat ] 85(3):168-
170,172-163,184

Jiang X, Yao KT (1996) The clonal progression in the neoplastic
process of nasopharyngeal carcinoma. Biochem Biophys
Res Commun 221(1):122-128

Jia WH, Feng BJ, Xu ZL, et al (2004) Familial risk and clustering
of nasopharyngeal carcinoma in Guangdong, China.
Cancer 101(2):363-369

Kilger E, Kieser A, Baumann M, et al (1998) Epstein-Barr
virus-mediated B-cell proliferation is dependent upon
latent membrane protein 1, which simulates an activated
CD40 receptor. EMBO ] 17(6):1700-1709

Kim CE, Jackson EL, Woolfenden AE, et al (2005) Identification
of bronchioalveolar stem cells in normal lung and lung
cancer. Cell 121(6):823-835

Kim do N, Chae HS, Oh ST, et al (2007) Expression of viral
microRNAs in Epstein-Barr virus-associated gastric carci-
noma. J Virol 81(2):1033-1036

Kluiver J, Poppema S, de Jong D, et al (2005) BIC and miR-155
are highly expressed in Hodgkin, primary mediastinal and
diffuse large B cell lymphomas. J Pathol 207(2):243-249

Korsmeyer SJ (1992) Bcl-2: an antidote to programmed cell
death. Cancer Surv 15:105-118

Kouvidou C, Stefanaki K, Dai Y, et al (1997) P21//wafl protein
expression in nasopharyngeal carcinoma. Comparative
study with PCNA, p53 and MDM-2 protein expression.
Anticancer Res 17(4A):2615-2619

Kwong J, Lo KW, To KEF, et al (2002) Promoter hypermethyla-
tion of multiple genes in nasopharyngeal carcinoma. Clin
Cancer Res 8(1):131-137

Landgraf P, Rusu M, Sheridan R, et al (2007) A mammalian
microRNA expression atlas based on small RNA library
sequencing. Cell 129(7):1401-1414

Laux G, Perricaudet M, Farrell PJ (1988) A spliced Epstein-
Barr virus gene expressed in immortalized lymphocytes is
created by circularization of the linear viral genome. EMBO
] 7(3):769-774

Levine PH, Pocinki AG, Madigan P, et al (1992) Familial
nasopharyngeal carcinoma in patients who are not Chinese.
Cancer 70(5):1024-1029

Liebowitz D (1994) Nasopharyngeal carcinoma: the Epstein-
Barr virus association. Semin Oncol 21(3):376-381

Liebowitz D, Mannick J, Takada K, et al (1992) Phenotypes of
Epstein-Barr virus LMP1 deletion mutants indicate trans-
membrane and amino-terminal cytoplasmic domains neces-
sary for effects in B-lymphoma cells. ] Virol 66(7):4612-4616

Lin CT, Chan WY, Chen W, et al (1993) Characterization of
seven newly established nasopharyngeal carcinoma cell
lines. Lab invest 68(6):716-727

Lin J, Johannsen E, Robertson E, et al (2002) Epstein-Barr
virus nuclear antigen 3C putative repression domain
mediates coactivation of the LMP1 promoter with EBNA-2.
J Virol 76(1):232-242

Li SN, Chang YS, Liu ST (1996) Effect of a 10-amino acid dele-
tion on the oncogenic activity of latent membrane protein
1 of Epstein-Barr virus. Oncogene 12(10):2129-2135

Lo AK, Huang DP, Lo KW, et al (2004) Phenotypic alterations
induced by the Hong Kong-prevalent Epstein-Barr virus-
encoded LMP1 variant (2117-LMP1) in nasopharyngeal
epithelial cells. Int ] Cancer 109(6):919-925

Lo AK, To KF, Lo KW, et al (2007) Modulation of LMP1 protein
expression by EBV-encoded microRNAs. Proc Natl Acad
SciUS A 104(41):16164-16169

Lo K, Huang PW, Lee CK (1997) Genetic changes in nasopha-
ryngeal carcinoma. Chin Med J 110(7):548-549

Lo KW, Cheung ST, Leung SF, et al (1996) Hypermethylation of
the p16 gene in nasopharyngeal carcinoma. Cancer Res
56(12):2721-2725

Lo KW, Huang DP (2002) Genetic and epigenetic changes in
nasopharyngeal carcinoma. Semin Cancer Biol 12(6):
451-462

Lo KW, Teo PM, Hui AB, et al (2000) High resolution allelotype
of microdissected primary nasopharyngeal carcinoma.
Cancer Res 60(13):3348-3353

Lo KW, To KF, Huang DP (2004) Focus on nasopharyngeal car-
cinoma. Cancer cell 5(5):423-428

Longnecker R (2000) Epstein-Barr virus latency: LMP2, a reg-
ulator or means for Epstein-Barr virus persistence? Adv
Cancer Res 79:175-200

Longnecker R, Miller CL, Miao XQ, et al (1992) The only
domain which distinguishes Epstein-Barr virus latent
membrane protein 2A (LMP2A) from LMP2B is dispens-
able for lymphocyte infection and growth transformation
in vitro; LMP2A is therefore nonessential. ] Virol 66(11):
6461-6469

Lung ML, Lam WP, Sham J, et al (1991) Detection and preva-
lence of the “f” variant of Epstein-Barr virus in southern
China. Virology 185(1):67-71

Marks JE, Phillips JL, Menck HR (1998) The National Cancer
Data Base report on the relationship of race and national
origin to the histology of nasopharyngeal carcinoma.
Cancer 83(3):582-588

Martin JM, Veis D, Korsmeyer SJ, et al (1993) Latent membrane
protein of Epstein-Barr virus induces cellular phenotypes
independently of expression of Bcl-2. J Virol 67(9):
5269-5278

Mazeron MC (1996) Value of anti-Epstein-Barr antibody
detection in the diagnosis and management of undifferen-
tiated carcinoma of the nasopharynx. Bull Cancer
Radiother 83(1):3-7

Moorthy RK, Thorley-Lawson DA (1993) All three domains of
the Epstein-Barr virus-encoded latent membrane protein
LMP-1 are required for transformation of rat-1 fibroblasts.
J Virol 67(3):1638-1646

Morrison JA, Raab-Traub N (2005) Roles of the ITAM and PY
motifs of Epstein-Barr virus latent membrane protein 2A
in the inhibition of epithelial cell differentiation and acti-
vation of {beta}-catenin signaling. J Virol 79(4):2375-2382




Pathogenesis and Etiology of Nasopharyngeal Carcinoma

23

Murray PG, Young LS (2000) Themed issue: the biology and
pathology of the Epstein-Barr virus. Mol Pathol
53(5):219-221

Murray R], Kurilla MG, Brooks JM, et al (1992) Identification of
target antigens for the human cytotoxic T cell response to
Epstein-Barr virus (EBV): implications for the immune con-
trol of EBV-positive malignancies. ] Exp Med 176(1):157-168

Nasrin N, Taiba K, Hannan N, et al (1994) A molecular study of
EBV DNA and p53 mutations in nasopharyngeal carci-
noma of Saudi Arab patients. Cancer Lett 82(2):189-198

Nazar-Stewart V, Vaughan TL, Burt RD, et al (1999) Glutathione
S-transferase M1 and susceptibility to nasopharyngeal car-
cinoma. Cancer Epidemiol Biomarkers Prev 8(6):547-551

Nemerow GR, Mold C, Schwend VK, et al (1987) Identification
of gp350 as the viral glycoprotein mediating attachment of
Epstein-Barr virus (EBV) to the EBV//C3d receptor of B
cells: sequence homology of gp350 and C3 complement
fragment C3d. ] Virol 61(5):1416-1420

Niedobitek G (2000) Epstein-Barr virus infection in the patho-
genesis of nasopharyngeal carcinoma. Mol Pathol 53(5):
248-254

Niedobitek G, Agathanggelou A, Barber P, et al (1993) P53
overexpression and Epstein-Barr virus infection in undif-
ferentiated and squamous cell nasopharyngeal carcino-
mas. ] Pathol 170(4):457-461

Niedobitek G, Agathanggelou A, Nicholls JM (1996) Epstein-
Barr virus infection and the pathogenesis of nasopharyn-
geal carcinoma: viral gene expression, tumour cell
phenotype, and the role of the lymphoid stroma. Semin
Cancer Biol 7(4):165-174

Niedobitek G, Agathanggelou A, Steven N, Young LS (2000)
Epstein-Barr virus (EBV) in infectious mononucleosis:
detection of the virus in tonsillar B lymphocytes but not in
desquamated oropharyngeal epithelial cells. Mol Pathol
53(1):37-42

Niedobitek G, Hansmann ML, Herbst H, et al (1991) Epstein-
Barr virus and carcinomas: undifferentiated carcinomas
but not squamous cell carcinomas of the nasopharynx are
regularly associated with the virus. ] Pathol 165(1):17-24

Niedobitek G, Young LS (1994) Epstein-Barr virus persistence
and virus-associated tumours. Lancet 343(8893):333-335

Niemhom S, Kitazawa S, Murao S, et al (2000) Co-expression of
p53 and bcl-2 may correlate to the presence of Epstein—
Barr virus genome and the expression of proliferating cell
nuclear antigen in nasopharyngeal carcinoma. Cancer Lett
160(2):199-208

Ning JP, Yu MC, Wang QS, et al (1990) Consumption of salted
fish and other risk factors for nasopharyngeal carcinoma
(NPC) in Tianjin, a low-risk region for NPC in the People’s
Republic of China. J Natl Cancer Inst 82(4):291-296

Old L], Boyse EA, Oettgen HE, et al (1966) Precipitating antibody
in human serum to an antigen present in cultured Burkitt’s
lymphoma cells. Proc Natl Acad Sci U S A 56(6):1699-1704

Parkin DM, Muir CS (1992) Cancer incidence in five conti-
nents. Comparability and quality of data. IARC sci publ
(120):45-173

Pathmanathan R, Prasad U, Sadler R, et al (1995) Clonal prolif-
erations of cells infected with Epstein-Barr virus in prein-
vasive lesions related to nasopharyngeal carcinoma. N Engl
J Med 333(11):693-698

Pfeffer S, Zavolan M, Grasser FA, et al (2004) Identification of
virus-encoded microRNAs. Science 304(5671):734-736

Pratt ZL, Kuzembayeva M, Sengupta S, et al (2009) The microR-
NAs of Epstein-Barr virus are expressed at dramatically
differing levels among cell lines. Virology

Raab-Traub N (2002) Epstein-Barr virus in the pathogenesis
of NPC. Semin Cancer Biol 12(6):431-441

Raab-Traub N, Flynn K (1986) The structure of the termini of
the Epstein-Barr virus as a marker of clonal cellular prolif-
eration. Cell 47(6):883-889

Rickinson A (2002) Epstein-Barr virus. Virus Res 82(1-2):109-113

Rowe M (2001) Cell transformation induced by Epstein-Barr
virus - living dangerously. Semin Cancer Biology 11(6):
403-405

Roy NS, Nakano T, Keyoung HM, et al (2004) Telomerase
immortalization of neuronally restricted progenitor cells
derived from the human fetal spinal cord. Nat Biotechnol
22(3):297-305

Sakai E, Tsuchida N (1992) Most human squamous cell carci-
nomas in the oral cavity contain mutated p53 tumor-
suppressor genes. Oncogene 7(5):927-933

Sample J, Young L, Martin B, et al (1990) Epstein-Barr virus
types 1 and 2 differ in their EBNA-3A, EBNA-3B, and
EBNA-3C genes. ] Virol 64(9):4084-4092

Sandvej K, Gratama JW, Munch M, et al (1997) Sequence analy-
sis of the Epstein-Barr virus (EBV) latent membrane
protein-1 gene and promoter region: identification of four
variants among wild-type EBV isolates. Blood 90(1):
323-330

Scholle F, Longnecker R, Raab-Traub N (1999) Epithelial cell
adhesion to extracellular matrix proteins induces tyrosine
phosphorylation of the Epstein-Barr virus latent mem-
brane protein 2: a role for C-terminal Src kinase. J Virol
73(6):4767-4775

Sham JS, Wei W1, Zong YS, et al (1990) Detection of subclinical
nasopharyngeal carcinoma by fibreoptic endoscopy and
multiple biopsy. Lancet 335(8686):371-374

Shanmugaratnam K (1978) Histological typing of nasopha-
ryngeal carcinoma. IARC Sci Publ (20):3-12

Shannon-Lowe C, Baldwin G, Feederle R, et al (2005) Epstein—
Barr virus-induced B-cell transformation: quantitating
events from virus binding to cell outgrowth. ] Gen Virol
86(Pt 11):3009-3019

Shao YM, Poirier S, Ohshima H, et al (1988) Epstein-Barr
virus activation in Raji cells by extracts of preserved food
from high risk areas for nasopharyngeal carcinoma.
Carcinogenesis 9(8):1455-1457

Sheu LF, Chen A, Meng CL, et al (1997) Analysis of bcl-2 expres-
sion in normal, inflamed, dysplastic nasopharyngeal epi-
thelia, and nasopharyngeal carcinoma: association with
p53 expression. Hum Pathol 28(5):556-562

Shih-Hsin Wu L (2006) Construction of evolutionary tree
models for nasopharyngeal carcinoma using comparative
genomic hybridization data. Cancer Genet Cytogenet
168(2):105-108

Sixbey JW, Yao QY (1992) Immunoglobulin A-induced shift
of Epstein-Barr virus tissue tropism. Science 255(5051):
1578-1580

Smith P (2001) Epstein-Barr virus complementary strand
transcripts (CSTs//BARTs) and cancer. Semin Cancer Biol
11(6):469-476

Smith PR, de Jesus O, Turner D, et al (2000) Structure and cod-
ing content of CST (BART) family RNAs of Epstein-Barr
virus. J Virol 74(7):3082-3092




