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Abstract

While infection with Epstein-Barr virus (EBV) is known to be an essential risk factor for the
development of nasopharyngeal carcinoma (NPC), other co-factors including genetic factors are
thought to play an important role. In this review, we summarize association studies conducted

over the past decade to evaluate the role of genetic polymorphisms in NPC development. A review
of the literature identified close to 100 studies, including 3 genome-wide association studies
(GWAS), since 2000 that evaluated genetic polymorphisms and NPC risk in at least 100 NPC
cases and 100 controls. Consistent evidence for associations were reported for a handful of genes,
including immune-related HLA Class | genes, DNA repair gene RAD51L1, cell cycle control
genes MDM2 and TP53, and cell adhesion/migration gene MMP2. However, for most of the genes
evaluated, there was no effort to replicate findings and studies were largely modest in size,
typically consisting of no more than a few hundred cases and controls. The small size of most
studies, and the lack of attempts at replication have limited progress in understanding the genetics
of NPC. Moving forward, if we are to advance our understanding of genetic factors involved in the
development of NPC, and of the impact of gene-gene and gene-environment interations in the
development of this disease, consortial efforts that pool across multiple, well-designed and
coordinated efforts will most likely be required.

Introduction

Nasopharyngeal carcinoma (NPC) is known to be strongly associated with Epstein-Barr
virus (EBV) infection. However, since EBV infection is nearly ubiquitous and NPC
development rare, it is widely acknowledged that EBV infection is not sufficient to induce
cancer and that other cofactors play an important role in NPC pathogenesis.12 Co-factors
thought to be important in the development of NPC include both exogenous exposures (such
as consumption of dietary nitrosamines, occupational exposure to wood/wood dusts, and
cigarette smoking) and host genetic susceptibility factors.12 The strong role for viral
infections, exposure to chemical carcinogens, and underlying host genetic susceptibility in
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NPC pathogenesis makes NPC an ideal candidate for studies aimed at better understanding
the interplay between these various factors and cancer risk.

Advances in genotyping technologies over the past 10-15 years have accelerated the rate of
growth in our understanding of the genetics of numerous diseases, including cancers.3-8 In
fact, large-scale genome-wide association studies (GWAS) have reported more than 150
associations for two dozen cancers. In several instances, specific chromosomal regions have
been found to be associated with a constellation of tumors, as in the case of 8q24 (region
where MY C resides) and cancers of the prostate, breast, colon, bladder, ovary and chronic
lymphocytic leukemia; and 5p15.33 (TERT-CLPTMLI locus) and cancers of the brain,
bladder, testis, pancreas, lung, and skin.3-> Based on these results, fine mapping studies are
ongoing to define the specific loci involved and their functions, efforts that promise to lead
to a better understanding of the molecular mechanisms involved in carcinogenesis and,
possibly, to clinical applications aimed at secondary prevention or treatment.

Given these technological advances, the opportunity exists to systematically investigate
genetic risk factors for NPC. However, because NPC is a rare tumor in most parts of the
world, most studies of NPC genetics to date have been relatively modest in size.
Furthermore, most studies of NPC genetics to date have focused on a limited number of
specific candidate genes, with few efforts to conduct large-scale studies that are well-
powered to identify modest effects associated with common polymorphisms and to fully
explore the complete genome and/or to comprehensively explore specific biological
pathways of interest.

As a starting point for future efforts to better characterize genetic risk factors for the
development of NPC, this review focuses on 1) summarizing genetic association studies of
NPC conducted since 2000, 2) identifying gaps in our understanding in this area, and 3)
proposing approaches that might help fill these gaps in an accelerated fashion moving
forward.

Scope and Organization of Review

We focus this review on studies published since 2000, since this is the period when PCR-
based technologies became widely available for high-throughput epidemiological studies.
Those interested in results from studies conducted before that time are referred to previously
published reviews.1:2:9:10 Fyrthermore, this review focuses on association studies, since they
comprise the majority of NPC genetic studies conducted to date. Family-based linkage
studies, while informative, are not the focus of this review and readers are referred to
another paper in this NPC issue by JX Bei, WH Jia, and Y X Zeng on familial studies and
some of the sentinel NPC family studies for information on this topic.11-14

Papers selected for review were identified via Pubmed literature searches conducted at the
time this review was initiated and again in early November 2011. Search terms used include
“nasopharyngeal carcinoma and genetics”, “NPC and genetics”, nasopharyngeal carcinoma
and epidemiology”, “NPC and epidemiology”, “nasopharyngeal carcinoma and HLA”,
“NPC and HLA” and “nasopharyngeal carcinoma and polymorphism”. Searches were
restricted to English language publications published between the years 2000 and the time
this review was drafted (November 2011). 2,176 papers identified via these searches were
reviewed. Studies with no control group (i.e., case-only studies) were excluded, as were
studies that had fewer than 100 cases and 100 controls. A total of 81 papers that fulfilled our
criteria were included in this review. Review of reference list from these papers resulted in
the identification of an additional 2 paper, so that the total number of papers considered in
this review was 83.
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GWAS studies were reviewed separately. For candidate gene/candidate pathway studies, we
grouped studies into the following categories to organize our presentation: studies of
immunerelated genes (HLA Class I/11 genes evaluated separately), studies of phase I/11
metabolism genes & DNA-repair genes, and studies of other genes.

Summary of the Literature

A total of 83 published papers were identified that fulfilled our criteria for inclusion in this
review. Among these, three studies reported results from agnostic GWAS, 9 reported results
from studies that evaluated the association between HLA genes and NPC, 32 reported
results from studies that evaluated other genes involved in immune response and NPC, and
15 reported results from studies that evaluated genes involved in phase 1/I1 metabolism &
DNA repair and NPC. The remaining studies reported findings from efforts that evaluated
other genes, including genes involved in cell cycle control, cell adhesion/migration,
angiogenesis, and DNA methylation. Each is discussed, in turn, below.

GWAS studies

The three GWAS studies of NPC published to date are summarized in Table 1. The largest
GWAS of NPC to date consisted of a discovery phase that included 1583 cases and 1894
controls from Southern China and Singapore and two validation studies that together
consisted of 3507 NPC cases, 3063 controls and 279 family trios from Southern China. The
other two published GWAS were considerably smaller, with discovery phases that included
less than 300 cases and controls each. The most consistent finding across these studies was
the confirmation that genes within the Major Histocompatibility Complex (MHC) region on
chromosome 6p21, where the human leucocyte antigen (HLA) genes are located, are
strongly associated with NPC. In addition to HLA genes themselves, other genes, including
the GABBR1 and HCG9 genes had suggestive evidence for association, although it is
currently unclear whether either of these genes are causally linked to the development of
NPC.15 Other, less consistent findings from the GWAS efforts suggested associations
between genes located on chromosomes 3q26, 3p21, 9p21, and 13q12. These inconsistent
findings for regions other than those in the MHC are likely reflective of the modest sample
size for the various GWAS published to date, and highlight the need for larger, pooled
efforts in the future to achieve study sizes that are sufficiently powered to more deeply
explore the associations between common genetic polymorphisms that, while important,
confer modest risk of disease.

Immune-related genes

There is an extensive literature dating back to the 1970s suggesting an important role for
HLA genes in the etiology of NPC.1:2:910 Much of that work is based on low resolution (2-
digit) HLA typing, which has since been replaced by more extensive high resolution testing
capable of identifying specific HLA alleles (4-digit typing). Our search identified 9
publications since 2000 that evaluated classical HLA class | (A, B and C) and Il (DRBL1,
DQA1, DQBL1, and DPB1) genes and their association with NPC. Of these, three studies
were excluded because either genotyping or the analysis was performed at the low
resolution, 2-digit level.16-18 Results for the remaining studies are summarized in Table 2.
Consistent with the older literature, studies conducted since 2000 largely confirmed the
association between specific HLA alleles and NPC risk. Since many of the HLA alleles
found to be associated with NPC are rare outside of China and individuals of Chinese
ethnicity, confirmation of these associations in studies of individuals of non-Chinese descent
has been difficult. Within studies conducted among individuals of Chinese ethnicity, strong
linkage disequilibrium patterns observed across HLA genes on chromosome 6p21 have made
it difficult to determine whether the associations are explained by the specific alleles, by
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extended HLA haplotypes, or by non-HLA genes in the region that are in close linkage
disequilibrium with HLA genes.

While the strong population differences in HLA distribution combined with the strong
linkage disequilibrium patterns in HLA within populations make the study of HLA-disease
associaitons difficult, the fact that the GWAS efforts summarized earlier in this review point
to this region of the genome as having the strongest evidence for association with NPC
suggests the need for further study in this area. To be fruitful, however, those studies will
need to be large and to involve varied population groups to enable us to disentangle the
genetic complexity in this region.

In addition to classical HLA genes, numerous other immune-related genes have been
investigated for their association with NPC. Interest in the connection between immune-
related genes and NPC is a logical extension of the fact that NPC is closely linked to
infection with EBV, and that immune response to this nearly ubiquitous virus is likely to be
an important predictor of NPC risk. Immune-related genes that have been explored for their
association with NPC include immune genes located within the MHC region where HLA
genes are located, and genes that code for cytokines/chemokines and innate immune-related
molecules believed to be important in the host response to and control of viral infections. As
summarized in Table 3, while many genes have been evaluated in the past decade, nearly all
have been evaluated in a single study and the studies conducted to date have been modest in
size, typically containing no more than a few hundred cases and a comparable number of
controls. Furthermore, for the few genes that have been evaluated in more than one study,
results have often been conflicting (e.g., HLA-E, TNF-q, IL-10, IL-18, and FAS). In the
future, larger, more comprehensive evaluations with built-in independent replication will be
required to further our knowledge of the role of immune-realted genes in the development of
NPC.

Phase I/ll metabolism and DNA-repair genes

In addition to immune-related genes, there has been interest in the evaluation of the
association with NPC of genes involved in the activation and detoxification of chemical
carcinogens and in the repair of DNA damage they cause. This interest stems from the
known association with NPC of environmental carcinogens, particularly those derived from
exposure to dietary or tobacco nitrosamines or to occupational exposure to wood dust and
possibly formaldehyde. These chemical carcinogens are activated into reactive intermediates
by phase I xenobiotic enzymes (e.g., Cytochrome P-450 enzymes) and these reactive
intermediates are detoxified by phase Il enzymes (e.g., Glutathione s-transferase enzymes).
DNA damage generated by these chemical carcinogens are often repaired by the host DNA
repair mechanism. Given this, the study of whether genetic polymorphisms in genes
involved in activation of chemical carcinogens, in their detoxification, and in the repair of
DNA damage they cause seems natural.

Results from studies that have evaluated the association between genes in these pathways
and NPC are summarized in Table 4. As was the case for studies of immune-related genes,
while several genes have been evaluated in the past decade, many have been evaluated in a
single study and the studies conducted to date have typically been modest in size, containing
no more than a few hundred cases and a comparable number of controls. Furthermore, for
the few genes that have been evaluated in more than one study, results have often been
negative across studies (e.g., GSTM1, GSTP1, and GSTT1) or conflicting (e.g., CYP2EL,
hOGG1, and XRCC1). A few studies that included both a discovery and an independent
validation stage warrant highlighting. Guo and colleagues'® conducted a study that
evaluated candidate polymorphisms in the CYP2E1, GSTP1, MPO, and NQO1 genes within
a total of 571 cases and 859 controls. A lack of evidence for an association with NPC was
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observed for all SNPs evaluated within these four genes (five SNPs total). Jia and
colleagues?® conducted parallel family-based association (2499 individuals within 546
families) and case-control (755 cases and 755 controls) studies that evaluated 8 tag-SNPs
within CYP2EL. In this study, no individual SNP was found to be significantly associated
with NPC in both the family-based and case-control studies, although within the case-
control study the authors report limited evidence for an association between several of the
SNPs evaluated and NPC in sub-analyses restricted to young smokers (175 cases and 156
controls). Finally, Qin and colleagues?! evaluated a comprehensive set of 676 tag-SNPs
within 88 genes in the DNA-repair pathway in a total of 2323 cases and 2052 controls.
Results from this study identified two SNPs within the RAD51L1, a gene involved in
homologous recombination DNA repair, for which consistent and significant evidence for an
association was observed. In the future, it will be interesting to see whether well-powered
studies are able to replicate this initial finding for RAD51L1 and if so whether functional
data directly supporting this association are observed.

Genes within various other functional pathways have been evaluated for their association
with NPC, including genes involved in cell cycle control, cell adhesion/migration,
angiogenesis, and DNA methylation. Results from these studies are summarized in Table 5.
As was observed for studies of immune-related genes, genes involved in the metabolism of
chemical carcinogens, and those involved in repair of DNA damage, the majority of genes
listed in Table 5 were evaluated in single studies and studies conducted to date have
typically been modest in size. For the genes that were evaluated in more than one study,
results were negative across studies (e.g., MMP9) or conflicting (e.g., MMP1 and VEGF). A
few genes for which consistent evidence for an association with NPC were reported warrant
discussion. These include two genes involved in cell cycle control, MDM2 and TP53, and
one gene involved in extracellular matrix and cellular migration, MMP2. MDM2, a negative
regulator of TP53, was evaluated in three independent studies?2-24 totaling 1478 cases and
1997 controls. In all three studies, a consistent association was observed for SNP rs2279744
(nucleotide 309) and NPC. Similarly, three studies totaling 731 cases and 1155 controls
evaluated the association between polymorphisms in the TP53 gene (SNP rs1042522; codon
72) and NPC.23:25.26 |n two of these three studies, evidence for a significant association with
NPC was observed.23:25 |n the third study,26 while a significant association was not evident,
carriage of the risk allele was associated with a near 2-fold increase in risk of NPC,
consistent in magnitude and direction with results from the other two studies. Finally, the
association between a polymorphism in the promotor region of MMP2 (SNP rs243865;
nucleotide —1306) and NPC risk was evaluated in three independent populations.2”28 In one
study that included a discovery (593 cases and 480 controls) and a validation (239 cases and
286 controls) phase, evidence for an association between SNP rs243865 and NPC was
reported.2® This association was further reproduced in a separate study conducted among
370 NPC cases and 390 controls.2’

Conclusions and Future Outlook

As summarized herein, over the past decade, close to 100 association studies containing
more than 100 NPC cases and 100 controls have been conducted to evaluate genetic factors
potentially associated with NPC risk. Consistent evidence for associations were reported for
a handful of genes, including immune-related HLA Class | genes, DNA repair gene
RADS51L1, cell cycle control genes MDM2 and TP53, and cell adhesion/migration gene
MMP2. However, for most of the genes evaluated, there was no effort to replicate findings
and studies were largely modest in size, typically consisting of no more than a few hundred
cases and controls. The small size of most studies and the lack of attempts at replication
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have limited progress in understanding the genetics of NPC. For the genes listed above for
which some consistency in the reported listerature exists, well-designed and powered
confirmatory studies are needed. In addition, given the modest statistical power of studies
conducted to date and the fact that most studies have evaluated arbitrary candidate genes/
polymorphisms, it is likely that additional genetic factors yet to be defined are involved in
NPC development. Identification of these additional factors will, again, require carefully
designed (both with respect to the selection/implementation of genetic testing and with
respect to the epidemiological design) and well-powered studies. Finally, even the initial
GWAS studies conducted to date have been modest in size, making it possible to identify
with confidence only those regions within which strong effects are observed (e.g., MHC
region on chr 6p21). Moving forward, if we are to advance our understanding of genetic
factors involved in the development of NPC and of the impact of gene-gene and gene-
environment interations in the development of this disease, consortial efforts that pool across
multiple, well-designed and coordinated efforts will most likely be required.
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