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Nasopharyngeal carcinoma (NPC) arises from the mucosal epithelium of the nasopharynx and is constantly associated with

Epstein–Barr virus type 1 (EBV-1) infection. We carried out a genome-wide association study (GWAS) of 575,247 autosomal

SNPs in 184 NPC patients and 236 healthy controls of Malaysian Chinese ethnicity. Potential association signals were repli-

cated in a separate cohort of 260 NPC patients and 245 healthy controls. We confirmed the association of HLA-A to NPC with

the strongest signal detected in rs3869062 (p 5 1.73 3 1029). HLA-A fine mapping revealed associations in the amino acid

variants as well as its corresponding SNPs in the antigen peptide binding groove (pHLA-A-aa-site-99 5 3.79 3 1028,

prs1136697 5 3.79 3 1028) and T-cell receptor binding site (pHLA-A-aa-site-145 5 1.41 3 1024, prs1059520 5 1.41 3 1024) of the

HLA-A. We also detected strong association signals in the 50-UTR region with predicted active promoter states

(prs41545520 5 7.91 3 1028). SNP rs41545520 is a potential binding site for repressor ATF3, with increased binding affinity for

rs41545520-G correlated with reduced HLA-A expression. Multivariate logistic regression diminished the effects of HLA-A

amino acid variants and SNPs, indicating a correlation with the effects of HLA-A*11:01, and to a lesser extent HLA-A*02:07.

We report the strong genetic influence of HLA-A on NPC susceptibility in the Malaysian Chinese.

Nasopharyngeal carcinoma (NPC) [OMIM 161550] is an epi-
thelial squamous cell carcinoma arising from the mucosal lin-
ing of the nasopharynx. NPC has a distinct geographical
distribution, highly endemic to southern China, Hong Kong,
Taiwan, Northern Africa, Alaska, and Southeast Asia with
annual incidence ranging from 2.7 to 26.9 cases per 100,000
in males and a significantly lower incidence of 0.9–10.1 cases
per 100,000 in females.1 In Malaysia, NPC is the fourth most
common cancer among Malaysians and third most common
among men.2 NPC incidence in males (age-standardized rate
per 100,000 people, ASR5 6.3) is double that of females
(ASR5 2.3). The disease is particularly prevalent in the Chi-
nese (ASR5 10.9), followed by the Malays (ASR5 3), and
Indians (ASR5 1.1). A high risk of NPC has also been
observed among indigenous groups in East Malaysia, particu-
larly the Bidayuh in Sarawak.3

NPC is a multifactorial disease, suggesting a possible inter-
action between genetic and environmental factors in disease
susceptibility. Elevated levels of immunoglobulin antibodies
(IgA) to Epstein–Barr virus (EBV) viral capsid antigen (EBV-
IgA/VCA) and early antigen (EBV-IgA/EA) are observed in
NPC patients, implicating EBV’s role in NPC development.4

Lifestyle trends such as smoking, alcohol intake, consumption
of salted fish or preserved food and occupational hazard all
contribute to increased risk of NPC.5,6 Many candidate genes
have been suggested in NPC susceptibility,7–10 in particular the
major histocompatibility complex (MHC) region, with great
focus on the antigen presenting molecule HLA-A gene.11 The
association of the HLA-A with NPC susceptibility has been
well-documented in linkage studies, candidate gene approaches

and GWAS studies.12–16 The most recent GWAS identified
strong association signals in HLA-A amino acid variants.14

HLA-A allele studies have also demonstrated both NPC resist-
ance and NPC susceptible associations.17,18 However, with the
existence of multiallelic variants as well as benign and damag-
ing variants in the HLA-A region, a high resolution genotyping
as well as in silico approach is needed to resolve association
signals corresponding to damaging variants and the correlation
of these variants to the effects of the HLA-A alleles.

We present an imputation-based approach to methodically
fine-map and resolve association signals from LD-proxy asso-
ciations of the HLA-A. Imputation is an attractive approach
considering the extensive LD of the MHC region due to a
relatively low recombination rate.19 Our strategy employs the
following methods: (1) A genome-wide sweep of 712,717
SNPs on the Illumina Human OmniExpress platform to
identify NPC associated loci; (2) imputation with HapMap,
1000 Genomes datasets and previously reported GWAS
data20 to fine map the HLA-A region; (3) high-resolution
molecular HLA-A allele genotyping to identify HLA-A alleles
as well as its corresponding SNP genotypes; (4) in silico pre-
diction and amino acid variant analysis to identify functional
associations.

Material and Methods
Study cohort

NPC patients were recruited from University Malaya Medical
Centre (UMMC), Tung Shin Hospital, Kuala Lumpur Gen-
eral Hospital (HKL), Penang General Hospital (HPP), Nilai
Cancer Institute Hospital (NCI), Hospital University Sarawak

What’s new?

Certain variants of the HLA-A gene are linked to either resistance or susceptibility in nasopharyngeal carcinoma (NPC). But

which variants are most strongly associated with effects in NPC remains unclear. Here, high resolution fine-mapping of the

HLA-A region was used to better understand the effects of variants on peptide loading or HLA-A expression in a Malaysian Chi-

nese population. Variants showing potential epigenetic, peptide-loading function and T-cell immune response were correlated

with the effects of HLA-A*11:01, a protective HLA-A allele. Most other HLA-A variants did not appear to possess any potential

function.
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2 HLA-A SNPs and amino acid variants
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