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The etiology of nasopharyngeal carcinoma (NPC) has been 
causally linked to environmental and ethnic factors. In 
this article, we aim to put forward a proposed mechanism 
linking Epstein Barr Virus (EBV) infection to the observed 
ethnic and geographical distributions of this unique disease.

Primary nasopharynx epithelial cells show very low EBV 
infection efficiency. A pertinent question in the etiology of 
NPC would be how and when EBV enters the host cell in 
NPC patients. Studies on the mouse gamma herpesvirus 68 
suggest there is a temporal relationship between the period 
in life that infection occurs and the subsequent disease 
that develops. Infection occurring during the neonatal 
period of the mouse results in respiratory epithelial 
infection, whereas infection in the adult mouse results in 
an “infectious mononucleosis” like syndrome (1). Similarly, 
in humans, EBV infection appear to occur early in life in 
the susceptible populations for NPC (Southern China, 
Southeast Asia); whereas in populations with low incidence 
of NPC (such as in Caucasians), EBV infections occur later 
in the teens. Incidentally however, this later onset of EBV 
infection appears to be associated with a higher incidence 
and a bimodal peak of EBV-related Hodgkin’s Lymphoma 
in these populations. Of further note, in cities like Hong 
Kong and Singapore, where the incidence of NPC has 
been in decline in the last few decades, the incidence of 
Hodgkin’s Lymphoma in those 2 cities is slowly picking 
up and beginning to mimic the bimodal peak found in the 
Caucasian countries (2). Other infection-related cancers 
like Hepatitis B-associated hepatocellular carcinoma (HCC), 
H. pylori related gastric carcinoma (GC) and even Merkel 
cell polyomavirus related Merkel Cell Carcinomas have 
in common either perinatal, neonatal or early infections. 
We put forward that a similar mechanism may be at play 

here, and suggest a postulated mechanism for how EBV 
might enter the epithelial cell during the neonatal period, 
giving rise to a chain of events that ultimately results in the 
carcinogenesis of NPC.

Periods of severe aridity between 135,000 and 75,000 years  
ago in East Africa are believed to be the impetus for 
human migration out of Africa (3). By about 50,000 to 
40,000 years before present (ybp), some were thought to 
have arrived in Central Asia and settled there. Changes in 
climatic conditions with the glacial maximum made life 
difficult again and caused further dispersal. To the east 
were the insurmountable Pamir and Himalayan mountain 
ranges, so this forced those who moved east to skirt along 
the foothills of the Himalayas (in the narrow corridor of 
present-day Nepal), as they migrated in search of more 
hospitable environments (Figure 1). But these foothills were 
also holo-endemic for malaria (right until the time of the 
British, when they eliminated malaria) (4). This malady 
is particularly fatal amongst children, who are prone to 
developing cerebral malaria—and the cause of death is not 
from the parasite itself, but the immune response to it. We 
speculate that perhaps malaria selected for a phenotype that 
had an attenuated immune response to cerebral malaria. Toll 
like receptor (TLR)-8 which has unique polymorphisms 
found only in East Asians (5), is a frontrunner. It is the 
most selected of all the TLRs (6), and is also the only TLR, 
which is mature during the neonatal period (7). In mice 
(which do not have a functioning TLR8), loss of TLR7 
(which is very similar to TLR8) alters cytokine production 
and protects against cerebral malaria (8). For those who 
survived this malaria bottleneck, they emerged from the area 
in current Northeast India into East Asia (9,10) (Figure 2), 
bringing with them the new TLR8 polymorphism that had 
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enabled them to survive cerebral malaria, and they became 
the East Asians (or the so-called Mongoloid peoples, as 
described by the anthropologist Alfred Louis Kroeber (11).  
This new genetic polymorphism, while protective for 
cerebral malaria, now made their neonates susceptible to 
new infections like EBV, hepatitis B and even H. pylori, and 
subsequently NPC, HCC and GC. Of note, all 3 cancers 
are uniquely prevalent amongst East Asians. The East Asian 
TLR8-rs3764879 polymorphism is also associated with 
hepatitis C virus infection, and susceptibility to tuberculosis 

and periodontitis (12-14). Intriguingly, TLR8 is located on 
the X-chromosome, and NPC, HCC and gastric cancers 
all have a 3:1 male sex preponderance, suggesting a possible 
sex-linked recessive form of inheritance. Hu and colleagues 
typing 247 cases of NPC concluded that there was strong 
supporting evidence for the existence of a southern Chinese 
specific, recessive NPC gene closely linked to the HLA 
region as a major determinant of the Chinese risk for the 
disease (15), and thus, giving TLR8 greater credence for its 
potential involvement in the pathogenesis of NPC.

Figure 1 Migration into East Asia along the foothills of The Himalayas. 

Figure 2 Ancient migration patterns into East Asia. Adapted from an original illustration from Chinese Journal of Cancer (10). 
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Besides TLR8, the EDAR  gene has also unique 
polymorphi sms  found only  in  Eas t  As ians .  The 
EDARV370A is responsible for the unique hair, facial and 
dental features of East Asians, and also for more densely 
branched mammary glands and an increased number of 
eccrine or sweat glands (16). This EDAR allele was thought 
to have arisen in East Asia about 30,000 years ago, but the 
cause of this selection is unknown. One speculation is that 
this variant affects NF-kB activity. Brik and colleagues 
from Germany (17) using an in vitro transfection assay, 
demonstrated that 370A enhances NF-kB activity. On the 
other hand, Fujimoto et al from Japan (18) showed that the 
C allele associated with thicker hair showed lower relative 
luciferase activities than the T allele in cell line experiments, 
and suggest that amino acid replacement in the death 
domain causes a functional change and results in the lower 
activity of NF-kB. Furthermore, they argue that steroids 
induce NF-kB suppression, as well as hair regrowth, which 
supports that lower NF-kB level may be associated with higher 
activity of hair formation. Could this lower NF-kB activity also 
have reduced the severity of cerebral malaria? (19,20). 

There are at least 2 potential effects of the EDAR gene 
polymorphism that might have an effect on the EBV-NPC 
carcinogenesis cascade. Ectodysplasin and Wnt pathways 
are required for salivary gland morphogenesis (21) and 
a previous study reports that the histological structures 
of sebaceous glands of East Asians appear more juvenile 
compared with those of adult White or African Americans (22).  
Mouse studies suggest a significant difference in glandular 
structure between adult Edar transgenic and wild type 
animals, with a greater degree of epithelial branching in the 
transgenic glands. The mammary glands are formed in a 
manner similar to that of the salivary glands by the repeated 
branching of an ingrowing epithelial cord. Homozygous 
transgenic animals with elevated Edar signaling displayed 
a clear elaboration of mammary structure relative to wild 
type, with both greater extent of epithelial penetration into 
the fat pad and a greater density of epithelial branching. 
Morphological changes of a direction similar to those 
reported here in the mouse are likely to occur in the 
glands of humans expressing EDAR370A. This suggests 
that rs3827760 may contribute to phenotypic variation in 
glandular structure and function among modern human 
populations. For example, among women living in the 
United States, mammographic breast density is reported 
to be greater in those with Chinese and Japanese ancestry 
than in those of European and African descent, consistent 
with the observation of increased epithelial density in Edar 

transgenic mice (23). Does this greater density of the glands 
signify perhaps a wider surface area for EBV to enter an 
epithelial cell? 

Secondly, EDAR is also responsible for the dental traits 
in East Asians making them more susceptible to chronic 
periodontitis (24,25)—and this chronic infection may also 
play a role in promoting the carcinogenesis cascade (26-29).

Human leukocyte antigen (HLA) is involved in antigen 
presentation to CD8+ T cells, natural killer cells (NK cells), 
and CD4+ T cells (30). While the precise genetic risk factors 
still remain largely unknown, HLA genes have been a focus 
of attention, since the discovery of an HLA association 
with NPC in 1973. Genetic differences between Northeast 
Asian (NEA) and Southeast Asian (SEA) populations have 
been observed in numerous studies. Sanchez-Mazas (31) 
using HLA data observed a genetic differentiation between 
NEA and SEA populations following a continuous pattern 
from north to south, and they show a significant and 
continuous decrease of HLA diversity in the same direction. 
This continuity is shaped by clinal distributions of many 
HLA lineages and alleles with increasing or decreasing 
frequencies along the latitude. These results bring new 
evidence in favor of the “overlapping model” proposed 
previously for East Asian peopling history, whereby modern 
humans migrated eastward from western Eurasia via two 
independent routes along each side of the Himalayas and, 
later, overlapped in East Asia across open land areas. The 
HLA genes associated with NPC are particularly prevalent 
in SEA populations in Southern China—the epicentre for 
NPC. 

The “4.2-kiloyear acidification event” (32), one of 
the most severe climatic events resulting in droughts 
and severe floods, occurred around 2200BC and has 
been hypothesized to have caused the collapse of several 
ancient civilizations including the Old Kingdom in Egypt, 
the Indus Valley Civilization and the Lianzhu culture in 
the lower Yangtze River area. It is also believed to have 
precipitated the Austronesian expansion, which brought 
the Mainland Southeast Asians into Islandic Southeast Asia 
and subsequently eastwards to Polynesia and westwards to 
Madagascar, and with it they also brought along with them 
NPC (10,33).

Thus, in Southeast Asians we see the convergence of 
a perfect storm—after infection, the virus benefits from 
an attenuated innate immune response (TLR8) during 
the neonatal period and this is followed by a possibly 
defective cell-mediated immunity (HLA), allowing the 
viral infection to take hold. But this still does not explain 
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how the virus gains entry into the epithelial cell. Hutt-
Fletcher (34) suggests the role of integrin αvβ6 for viral 
entry into epithelial cells. The αvβ6 is expressed during fetal 
development, but in adults is expressed only at low levels on 
most normal epithelial tissues in vivo, and its expression is 
up-regulated only during tissue remodeling, accompanying 
wound-healing and inflammation. Breuss (35) in a study of 
β6 expression in baboons found that the newborn primates 
still harboured residual β6 expression. This together with 
TLR8 being the only mature TLR during the neonatal 
period may then explain the importance of neonatal 
infection for NPC carcinogenesis to occur.

NPC is  considered to be an epithel ia l  tumour 
characterised by expression of CK5/6, p63 and p40. The 
fossa of Rosenmuller has a transformation epithelial 
zone, which is active only in the first 10 years of life (36), 
and is thought to be the source of the progenitor EBV-
infected epithelial cells, which transform into a cancer. To 
pathologists, lymphoepitheliomas are histologically identical 
(in morphology and histochemical studies) irrespective 
of their site of origin—whether from the post nasal space 
or the parotid glands (37). This then begs the question—
if NPC is thought to arise from the epithelial cells of the 
transformation zone, then where is this epithelium in the 
parotid glands of Eskimomas? In a similar vein, NPC-
in-situ is a rare entity unlike Cervical Intraepithelial 
Neoplasia (CIN) which is thought to have arisen from a 
transformation zone in the cervix (38). NPC is also known 
to spread through the submucosa (39). A very recent Dutch 
study (40) suggesting the presence of a “new” tubarial 
salivary gland in the torus tubarius casts new light on this 
problem. Perhaps NPC is not an epithelial tumour arising 
from the epithelium, but rather a salivary gland tumour 
instead. This would bring it in line with all the other non-
NPC lymphoepitheliomas. In a recent study, Boecker and 
colleagues (41) showed the presence of P63/K5+ progenitor 
cells residing in the basal portion of excretory and striated 
ducts of the salivary glands; and giving rise to both 
neoplasia as well as non-neoplastic squamous metaplasia 
that differentiate toward K10/13+ squamous cells. We also 
know that the salivary glands are another source for the 
lifelong persistence of EBV (42). In East Asians, we alluded 
to previously that the EDAR gene has rendered an increase 
in epithelial density of their salivary glands. Conceivably, 
a neonate infected with EBV will have his salivary gland 
bathing in EBV, some of which might attack a progenitor 
epithelial cell; and with no or an attenuated response from 
the host immune system, allow the cascade towards cancer 

to proceed.
Daud (43) in a study of Kenyan mothers showed the 

presence of potentially infectious EBV in their breast milk 
and suggests this as a potential source of infection for the 
Kenyan babies. There is no reason to believe that this 
would not be so in East Asians (44). It is interesting to note 
that in the more developed countries in East Asia, it was 
the advent of evaporated milk formulas in the 1930s, as 
well as industrialisation in the 1950s (which resulted in the 
rise of a significant female workforce) (45,46), that led to a 
reduction in breast-feeding (47,48), which could perhaps 
account partially for the declining incidence of early EBV 
infections (and NPC incidence) alluded to earlier. It would 
be interesting to speculate if the re-introduction and 
encouragement of breast-feeding would reverse this trend.

In conclusion, we present an alternative narrative of the 
early phases of NPC carcinogenesis based on historical, 
anthropological and real-world observations. Starting 
first around 30,000 years ago, when the first proto-East 
Asians migrated into East Asia, they acquired a genetic 
mutation to survive malaria, only to find themselves now 
susceptible to new pathogens, and this together with a 
further susceptibility for chronic infections completes all 
the ingredients needed for the creation of NPC. 
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