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Abstract

Several associations have been described between the frequency of human leukocyte antigen
(HLA) class I genes in certain populations and the risk of developing nasopharyngeal carcinoma
(NPC). Associations between ethnic background and geographic distribution, and relative disease
incidence have been reported. . Populations in geographical areas at higher risk of developing
NPC display HLA distribution patterns different and sometimes opposite from areas of low
incidence, whereas populations in areas with intermediate incidence display a totally independent
pattern. Two main reasons may explain this association between HLA phenotype distribution and
the risk of developing NPC in various populations. First, given the fact that expression of Epstein-
Barr Virus (EBV) proteins by cancer cells is tightly linked with NPC development, HLA may
influence the development of NPC by modulating the expression of EBV proteins. This
explanation is, however, based primarily on theoretical assumptions given that no clear definition
of HLA binding pattern of EBV epitopes has been directly shown to significantly alter the
recognition of EBV proteins and the risk of developing the disease. Alternatively, HLA may
represent a genetic marker flagging the presence of a NPC predisposition locus in close linkage
disequilibrium with the HLA class | region. A critical review of known HLA associations in
various geographical areas and their interpretation will be presented in this review.
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INTRODUCTION

Nasopharyngeal carcinoma (NPC) with its characteristic geographic distribution, familial
clustering, and multi-factorial etiology has attracted much debate about whether a genetic
predisposition exists which may place particular populations at risk. According to Globocan
2002 in International Agency for Research on cancer (IARC), 78,802 new NPC cases were
diagnosed worldwide in that year, of which 83% were from Asian Countries (Fig. 1). Three
areas with different incidence were classified: a high incidence area (10-35/100,000 person-
years) in Eastern Asia and South-eastern Asia where the highest incidence of NPC was
found in the Southern Chinese population, an intermediate incidence area (1-10/100,000
person-years) in North Africa and the Arctic region and, a low incidence area (under
1/100,000 person-years) which included most Western Countries. Several epidemiological

© 2009 Bentham Science Publishers Ltd

"Address correspondence to this author at the Infectious Disease and Immunogenetics Section, Department of Transfusion Medicine,

Clinical Center, National Institutes of Health, Bethesda - Maryland 20892, USA, Tel: (301) 451-4967; Fax: (301) 402-1360;
FMarincola@mail.cc.nih.gov.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Lietal.

Page 2

studies indicate that more than 10% of the NPC patients have a familiar predisposition. A
study from Guangdong, China reported that the risk of developing NPC was 9.31 times
higher in first degree relatives of patients with NPC than in the first degree relatives of their
spouses. The separation ratio and hereditability were 0.0588 (0.0182, 0.0994) and 68.08%
respectively, indicating a significant and powerful genetic trend toward familial clustering of
NPC among Cantonese [1]. In addition, a significantly higher incidence of NPC is
maintained in emigrant populations that have migrated from high incidence areas such as
Malaysia, Singapore, Vietnam and the Philippines, to areas of low incidence such as
Western Countries [2]. Therefore, it is likely that genetic predispositions may add to the
oncogenic properties of different strains of Epstein Barr Virus (EBV), environmental
conditions, and socioeconomic status toward the development of NPC.

As with other complex diseases, many genes may contribute to define the genetic
predisposition to acquire NPC following an accumulative and multi-factorial model of
inheritance. A candidate susceptibility locus was identified and mapped to Chromosome
4(4p15.1-q12) in a subset of NPC families of Guangdong [3], and significant single
nucleotide polymorphisms (SNPs) were further identified within or near this region [4]. In
addition, 14 of 319 alleles included in 34 microsatellites spanning an 18-megabase region of
chromosome 4 were found to be associated with NPC prevalence or chronic
immunoglobulin A production (p=0.001-0.03) [5]. These observations suggest the presence
of a susceptibility locus in this region. A locus on Chromosome 3p21 was linked to NPC
with a maximum logarithm of odds for linkage score of 4.18. Fine mapping has located this
locus to a 13.6-cM region on 3p21.31-21.2 where a tumor suppressor gene cluster may exist
[6-8] Polymorphisms of genes coding for the T-cell receptor, [9, 10], glutathione
Stransferase MI [11, 12], Cytochrome P450 2E1 [13-15], polymeric immunoglobulin
receptor [16, 17], stress protein HSP70-2 [18], DNA repair enzymes XRCC1 and hOGG1
[19] are among several other associations with risk of developing NPC.

The Human leukocyte antigen (HLA) complex is located on Chromosome 6p21.3 (Fig. 2)
and it has been repeatedly documented to be associated with the prevalence of NPC in
several populations. HLA was originally shown to be associated with high prevalence of
NPC among Singapore Chinese in 1974 [20]. This observation has been subsequently
confirmed through many association studies. Moreover, a strong association with some HLA
class I alleles has been demonstrated in Chinese patients with NPC [21-24]. Similar
association studies have been carried out in other ethnic groups. In this review, we will
summarize the current information regarding positive and negative HLA associations with
NPC prevalence within geographical areas characterized by different incidence of NPC. We
will then critically discuss the possible significance of such associations in terms of HLA
related immune functions or potential genetic linkage disequilibrium between HLA genes
and a putative NPC predisposition gene located in close proximity. Some summary data will
be presented that have been recently published by our group in a recent Meta analysis.

HLA ALLELES ASSOCIATED WITH NPC

The HLA system is characterized by high polymorphism at the gene and haplotype level
which may be associated with several diseases [25-28]. It has been observed that the
frequency of some HLA alleles and/or haplotypes is increased (susceptible) or decreased
(protective) in patients with NPC compared with normal individuals, and that the pattern of
associated alleles or haplotyes varied in different geographical areas characterized by
differences in prevalence of NPC. This suggests that some HLA alleles/haplotypes may be
linked to the development of this disease either in terms of immune functions or genetic
predisposition according to geographical and ethnic distribution.

Curr Mol Med. Author manuscript; available in PMC 2012 July 29.
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HLA Alleles Associated with Prevalence of NPC in Geographical Areas with High Incidence

Alleles Associated with Increased Susceptibility—HLA-A2 and HLA-B46 have
been described most consistently as the HLA class I alleles whose frequency are increased
in patients with NPC from high incidence areas, especially in the Chinese population. In
1974, an HLA-A2 and an HLA-B haplotype “blank” allele was reported based on low
resolution serological testing in patients with NPC from the Singapore Chinese population
[19]. The profile consisted of an increased frequency of HLA-A2 and a lack of a detectable
HLA antigen in the second locus. This high-risk haplotype had a much higher frequency
than other haplotypes including HLA-A2 but lacking the associated HLA-B blank allele,
reaching a statistical p-value (p=0.00006) and a relative risk (RR=4.5). The blank locus was
identified as singpapore-2 in 1975 [29] and officially named HLA-Bw46 in 1977 [30].
Subsequently, Chan SH [31] HLA typed 336 patients with NPC and 368 matched normal
controls in the Chinese population from Singapore and confirmed that HLA-A2 (RR = 1.5,
p=0.00008) and HLA-Bw46 (RR = 1.88, p=0.004) were associated with increased risk of
developing NPC. In addition, the relative risk was higher when both alleles from the two
loci occurred simultaneously (RR=2.4, P<0.01). His finding was gradually supported by
studies in Taiwan [23, 32], Thailand [33], other Singapore Chinese populations [20, 22, 29,
34], Chinese from the mainland [35], and US Chinese [36], (Fig. 3A, B). Recently, using
high resolution molecular technologies for HLA typing, Hildesheim A et al. [37] reported in
2002 an increased risk to develop NPC in individuals bearing the HLA-A*0207 (OR=2.3,
95%CI1=1.5-3.5) and the HLA-B*4601 (OR=1.8, 95%CI=1.2-2.5) alleles and an increased
risk (OR=2.8, 95%CI=1.7 to4.4) in individuals bearing the HLAA*0207/-B*4601
haplotype. In addition, they could extend the definition of the haplotype to the centromeric
region of chromosome 6 where the HLA Class Il loci are located (HLA-A*0207-B*4601-
DRB1*0901-DQB1*0303-DPB1*0501)[38]. These observations strongly support the
significance of the association between HLA-A2/-B46 and the risk of developing NPC in
high risk Asian populations.. Pimtanothai et a/. [39] in 2002, also observed a significantly
higher frequency of HLA-B*4601 among patients with NPC (OR=3.8, 95%Cl=1.34-11.82)
in Thailand. To explore the genetic associations in more detail and test the independency of
the two alleles in determining the risk of developing NPC, Lu CC [23] applied two-locus
analysis and found that HLA-A2 could increase the risk for NPC significantly in populations
bearing the HLA-B46 allele (OR=20.2, Pc=0.011) but insignificantly in those lacking this
allele. Moreover, the HLA-B46 bearing status did not affect the risk of developing NPC in
the population bearing the HLA-A2 allele. Finally, a significantly higher odds ration (OR)
was again observed in cases bearing both HLA-A2 and HLA-B46 (OR=2.6, Pc=0.039)
compared to individuals not bearing HLA-A2/-B46. It was, therefore, concluded that HLA-
B46 alone might be insufficient to confer a high risk of NPC but it may play a “cofactor-
like” role, in conjunction with HLA-A2, in determining an individual's predisposition to
develop NPC among Chinese (Taiwanese and Singaporean Chinese). Interestingly, HLA-A2
and HLA-B46 did not appear to be associated with increased risk of developing NPC in
geographical areas with intermediate and low prevalence of the disease. Conversely, HLA-
A2 appeared to exert a protective effect in these areas. In 1977 Jing J et al. [36]
demonstrated that HLA-A2 was significantly associated with an increased risk of developing
NPC in US Chinese but not in US Caucasians, and several other studies in intermediate/low
incidence areas subsequently confirmed this observation [36, 40-50] (Fig. 4). Two possible
explanations have been suggested for this observation. First, the HLA-A2 allele HLA-
A*0207 is common among Chinese (>40%) and absent in Caucasians, while HLA-A*0201
is highly prevalent (90%) among Caucasians bearing the HLAA2 serological type. The
consistent association between HLA-A*0207 (OR=2.3, 95%CI=1.5 to 3.5) but not HLA-
A*0201 (OR=0.79, 95%CI=0.55 to 1.2) and NPC observed among Chinese [37] might
possibly result in the positive association between HLA-A2 and NPC specifically in high
incidence areas since this allele is not present in low incidence areas. Second, HLA-
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A2,which is not associated with the risk of developing NPC in intermediate and low
incidence areas [44, 46, 51], may not be significantly associated with NPC, but rather may
behave as a protective allele (OR=0.46, 95%CI1=0.19-0.99) in the absence of HLAB46 in
high incidence area [31]..

Other less consistently reported associations between HLA class I allele, such as HLA-B17
and HLA-B18, and the risk of developing NPC have been reported. .A significant
association between HLA-B17 and the prevalence of NPC was observed [52] in 1981 and
was confirmed in a subsequent study in 1983 [31] by Chan SH et a/ among Singapore
Chinese. and with a stronger association subsequently reported (OR=3.36, 95%CI=1.36—
8.08) among Malaysians[53]. Moreover, a highly significant association was found between
HLA-B18 and prevalence of NPC (OR=4.39, 95%CI=1.93-9.84) in the same Malaysian
population. Although, these two associations could not be confirmed by other studies, most
investigators observed a non-statistically significant increase in frequency of these two
alleles in patients with NPC [20, 29, 31-33, 35, 36, 54], suggesting the possibility that these
studies were underpowered.

Alleles Associated with Decreased Risk of NPC—HLA-A11, HLA-B13 and HLA-
B27 have been reported to be associated with decreased risk of developing NPC in high
incidence areas. In 1981 Chan SH et a/. [52] observed a low frequency of HLA-A11 among
Chinese patients with NPC (133/313) compared with normal individuals (193/330)
(OR=0.52, p<0.003). This was confirmed (OR=0.5, P=0.00008) by an eight-year long
follow up study [31]. Moreover, an association was found between HLA-A13 and the
survival of patients with NPC that was also associated with a lower risk of developing the
disease (OR=0.47, P<0.02). Among a total of twelve studies done subsequently in
Guangdong [55], Singapore [20, 22, 29, 31, 34, 52], Taiwan [23, 32], Thailand [33], and
Malaysia [53, 56], eight confirmed a significantly negative association between HLA-A11
and prevalence of NPC with an OR ranging from 0.28 to 0.55. The remaining studies
consistently indicated a trend toward a low frequency of HLA-A11 in patient with NPC
(Fig. 3C), suggesting a protective role for this allele. Similarly, the low frequency of HLA-
B13 was recognized by most studies so far reported from geographic areas characterized by
high prevalence of NPC (Fig. 3D). In particular, a large study in which 247 NPC cases vs.
274 controls among Cantonese were HLA typed confirmed the protective association
between HLA-B13 and the prevalence of NPC (OR=0.38, P<0.005) [35]. HLA-B27 seemed
to be insignificantly associated with NPC in this study; however, most studies consistently
showed a low frequency of this allele in patients with NPC. Conversely, the protective
effects of these three alleles, especially HLA-A11, were not observed in geographical areas
with intermediate or low prevalence of NPC (Fig. 5).

It is noteworthy that the frequencies of HLA-B22 and HLA-B55 were consistently low in
NPC patients regardless of high, intermediate and low incidence areas although the
associations never reached significance in individual studies. However, a meta-analysis
proposed a significant association in high incidence but not in intermediate and low
incidence areas possibly due to the relatively limited number of studies and the small sample
size analyzed in individual studies from intermediate and low incidence areas. Therefore,
further studies will be required on this subject.

HLA-A31, a rarer allele in high incidence area, was recently discovered to bear a strong
protective effect toward the development of NPC. Lu CC et al. [23] reported a low
frequency of HLA-A31 in NPC patients compared with normal controls among Taiwanese.
A subsequent study done by Hu SP et a/. [35] demonstrated a protective effect (OR=0.00,
P<0.005) for HLA-A31 in the development of NPC, and a much higher significance
(OR=0.00, P<0.0000) after combining data from the other two studies.

Curr Mol Med. Author manuscript; available in PMC 2012 July 29.
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HLA Alleles Associated with Prevalence of NPC in Geographical Areas of Intermediate

Incidence

Associations between incidence of NPC and HLA phenotype have been less intensively
studied in geographical areas characterized by intermediate or low prevalence of the disease.
Among the areas characterized by intermediate prevalence, North Africa and East Africa
have been the most studied [40, 42, 43, 48-50]. Some associations reported have been
completely different from those reported in high incidence areas [40]. These observations
suggest that the associations between HLA and NPC prevalence may represent markers of a
genetic link to a predisposition gene in close proximity to the HLA class I loci rather than
due to intrinsic functional characteristics of individual HLA molecules coded by difference
alleles.

Alleles Associated with Increased Risk for NPC—It can be concluded from the
results of six studies that HLA-A10, -B13, -B51, and -B18 are associated with an increased
risk of developing NPC. HLA-A10 was observed with higher frequency in patients with
NPC among Tunisians (18% vs. 9%) [40], Algerians (22.4% vs. 12.6%) [43], and
Moroccans (OR=1.80, P<0.05) [48]. Three other studies, however, did not confirm this
association. The relationship between HLA-B13 and risk of developing NPC has been more
consistently observed. A high frequency was found in NPC patients in five studies [40, 42,
43, 48, 50] and a significant association was reported in Tunisians (15% vs. 4%, OR=4.17,
p<0.05)[49]. HLA-B51 was reported as associated with risk of developing NPC in three
Tunisian populations [40, 49, 50]. HLA-B18 was also reported at high frequency in
Tunisians [40, 50] and Moroccans with NPC (OR=4.14, P<0.001) [48]. However, other
studies have provided inconsistent results [42, 43, 49].

Alleles Associated with Decreased Risk of Developing NPC—HLA-B14 was
observed to be associated with a decreased risk of developing NPC in geographical areas
with intermediate prevalence of NPC (Fig. 6) such as in Tunisians (OR=0.09, P=0.0001)
[50] and North Africans (OR=0.07, P=0.002) [43]. Moreover, the frequency of this allele
was consistently lower in patients with NPC compared with normal controls in all other
studies performed in areas with intermediate incidence of NPC [40, 42, 48, 49]. In addition,
a low frequency of this allele in patients with NPC was also observed in some geographical
areas characterized by low incidence of the disease with the exception of Greek [45] and
German [41] populations. A trend toward a low frequency of HLA-A33 was also reported in
several studies [43, 49, 50].

We have recently reported the results of a sequence-based high resolution analysis [50]
comparing HLA class | frequencies in a cohort of 136 Tunisian patients with NPC matched
for gender, age and geographical residence to 148 normal Tunisians. In addition, we
compared the HLA allele frequencies in normal Tunisians with those of Northern Moroccan
Berbers to evaluate whether the Tunisian population in our study could be considered
representative of other Maghrebian populations. This study confirmed previous reports
indicating significantly positive associations between HLA-B18 and HLA-B51 and the risk
of developing NPC. In addition, we observed that HLA-B14 and HLA-Cw08 were
negatively associated with NPC (OR=0.09 and 0.18 respectively, Fisher P2-value=0.0001
and =0.003). The HLA-B14-Cw8 haplotype frequency was 0.007 in NPC patients compared
to 0.057 in both Tunisian (OR=0.12, P2-value=0.001) and Moroccan controls. Our result
strongly supported that HLA-B14 may indeed represent an important marker of a
predisposition to develop NPC in intermediate incidence area.

Curr Mol Med. Author manuscript; available in PMC 2012 July 29.
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HLA Alleles Associated with Prevalence of NPC in Geographical Areas of Low Incidence

Since several associations between HLA alleles and NPC were implicated by studies in high
incidence areas, especially in Chinese populations, several studies have been carried out in
low incidence area simultaneously, including North American Caucasians, Germans and
Greeks to determine whether these associations could also be observed in these populations
[36].

Alleles Associated with Increased Susceptibility to Develop NPC—Compared to
areas with high or intermediate incidence of NPC, HLA-A1 and HLA-B5 have been more
consistently associated with increased risk for NPC in low incidence areas. Jing J et al. [36]
pointed out that HLA-A1, one of the most common antigens of the HLA-A locus, was more
frequent (51.3% vs. 28.6%) in Caucasian patients with NPC although association did not
reach significance. A higher frequency of HLA-B5 (15.4% vs. 12.2) in NPC patients was
also reported in this study. Subsequently, other studies have reported a consistent and similar
trend for the two alleles in two Greek [45, 47] and two USA Caucasian populations [44, 46].
Among these studies, the HLA-A1 positive association with NPC was reported as significant
(OR=2.4, P<0.05) in one of the Greek population studies [45]. A significant association
between HLA-B5 and NPC (OR=2.67, p<0.005) has been reported in another Greek
population [47]. These two alleles were also reported in high and low incidence area but the
data have been less consistent.

Alleles Associated with Decreased Incidence of NPC—HLA-A2, which is
associated with high risk of developing NPC in high incidence areas, was observed to be
conversely associated with the decreased risk in low incidence areas (Fig. 4) and this
observation has been consistently reported by several studies [36, 41, 44-47].

Meta Analyses

With the exception of the high incidence areas, NPC is a relatively uncommon disease
worldwide with an incidence ranging from 0.5-35/100,000 person-years. Although there
have been a number of investigations on HLA association with the prevalence of NPC, most
individual studies have been limited in number of cases/controls analyzed and, therefore,
may have lacked the statistical power to identify potentially real associations. Meta-analysis,
as a way to combine data from several studies has, therefore, been applied in various
epidemiological and evidence-based studies to overcome this problem.

Four Meta analyses have evaluated HLA/NPC associations. In 1994, Burt et al. [51]
confirmed the association between HLA-A2 and the increased risk of developing NPC in
non-Chinese populations, contrasting with a protective effect in Chinese. In a larger follow-
up meta analysis published in 1996 [46] where the previous study was combined with others
that had been published through 1995 it was concluded that significant associations existed
between HLA-A2, -Al1, -A28, -B5 (serological family including the -B51 and -B52 splits),
-B8 and -DR2. Opposite HLA-A2 associations with NPC were confirmed again comparing
the Chinese (OR=1.65, 95%CI1=1.28-2.13) with non-Chinese population (OR=0.63,
95%CI1=0.48-0.82). HLA-A11 was again associated with a protective effect when four
studies in Chinese populations were combined (OR=0.48, 95%CI1=0.37-0.62) and a weak
protective association in intermediate and low incidence areas. HLA-B5 was significantly
associated with increased risk for NPC only in Caucasians (OR=2.81, 95%CI=1.76-5.12). In
2002, a meta-analysis [57] was undertaken on 13 previous studies from Southern Chinese
using both fixed-effects and random-effects models as appropriate. Evidence for positive
associations between NPC and HLA-A2, -B14, -B46 was found, and negative associations
were identified for HLA-A11, -B13 and -B22. Recently, Hu et a/. [35] performed an
embedded mini-meta-analysis confirming the known HLA-A2, -Al1, -B46 and -B13

Curr Mol Med. Author manuscript; available in PMC 2012 July 29.
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associations and identifying new ones including HLA-A31, -A33, -B27, -B38, -B39, -B55,
and -B58 associated with increased risk of developing NPC among Cantonese. These results
strongly support the existence of a southern Chinese-restricted, recessive gene closely linked
to the HLA class | region that may play a major role in determining the genetic
predisposition to develop NPC in Chinese.

With the purpose of globally describing the profile of HLA associations with NPC in
geographical areas with different prevalence of NPC incidence, we reported a meta-analysis
based on fixed effects or random effects models including all known previously published
studies from 1974 to 2007. Among them, 13 were from high incidence areas, 6 from
intermediate incidence areas, and 5 from low incidence areas. Table 1 summarizes alleles
significantly associated with NPC including HLA-A11 (OR=0.53), -A2 (OR=1.69), -B13
(OR=0.55), -B27 (OR=0.38), -B46 (OR=1.96), -B18 (OR=2.42), and -B55 (OR=0.23) in
high incidence area. In contrast, HLA-A10 (OR=1.98), -A33 (OR=0.34), -B14 (OR=0.27)
and -B51 (OR=2.08) were found to be significantly associated in intermediate incidence
areas. Lastly, HLA-A1 (OR=1.62), -A2 (OR=0.60), and -B5 (OR=2.54) were associated
with NPC in low incidence areas. In addition to the distinct effects of HLA-A2 and -Al1l in
different incidence areas, diversity in HLA allele associations was observed globally.
Noticeably, HLA-B14 exerted a strong protective effect in intermediate incidence. HLA-
B13 appeared associated with a protective effect in high incidence areas but was associated
with enhanced risk in intermediate incidence areas.

BIOLOGICAL RELEVANCE OF HLA ASSOCIATIONS WITH RISK OF
DEVELOPING NPC
The HLA-Dependent Immunoescape in NPC

Several lines of evidences suggest that the oncogenesis of NPC is associated with the
expression of specific Epstein - Barr virus (EBV) proteins by cancer cells, which could be
recognized by EBV-specific T cells when processed and presented in association with HLA
class I alleles. Like other Herpes viruses, EBV may down-regulate the expression of HLA
alleles to decrease the recognition and killing of EBV-expressing cancer cells. Recently two
studies have suggested down-regulation of HLA class | molecules on the cancer cell surface
as a mechanism of immune escape, providing indirect evidence that the expression of EBV
epitopes in association with some HLA alleles may play a relevant role in the immune
surveillance against the onset of NPC. In 2006, Sengupta et a/. [58] published a genome-
wide expression profile analysis of 31 NPC tumors and 10 healthy nasopharyngeal
epithelium tissues collected from Taiwan, observing an EBV-associated inhibition of HLA
class I expression in NPC. Among the human genes whose inhibition was most strongly
correlated with increased EBV gene expression were MHC class | HLA genes involved in
regulation of immune response via antigen presentation. Subsequently Ogino ef a/. [59]
observed that CD8+T cell infiltration in tumor lesions significantly correlated with HLA
class I molecule expression (r=0.34) suggesting that some HLA alleles may be necessary for
the control of NPC growth and that down-regulation of HLA may be an important
component of immune escape.

Polymorphism of the HLA genes is concentrated in the antigen-binding cleft of the molecule
on the surface of the cell membrane. It is believed that polymorphism results in the
expression of different alleles in different populations which has been determined through
selective pressure during evolution to protect individuals residing in particular geographical
areas from pathogens endemic to that area. The extent of HLA polymorphism probably
provides a heterozygous advantage because it allows presentation of diverse antigenic
epitopes to T cells, therefore, broadening the immune response to pathogens. Some

Curr Mol Med. Author manuscript; available in PMC 2012 July 29.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Lietal.

Page 8

polymorphisms appear to affect generic aspects of antigen presentation such as class |
assembly and rate of transport to the cell surface [60, 61]. Zernich D et a/. [61] have
reported that HLA polymorphism can control the antigen presentation pathways. For
example, a single amino acid variant distinguishing HLA-B*4402 (Asp 116) from -B*4405
(Tyr 116) permitted HLA-B*4405 to acquired peptides independent of transporter
associated with Ag presentation (TAP) function. TAP-independent antigen presentation is,
in turn, less susceptible to viral interference aimed at diminishing TAP function,
theoretically making HLA-B*4405 a more efficient allele in the presentation of viral
epitopes than HLA-B*4402. Therefore, it was proposed that antigen processing and
presentation may be influenced by HLA molecules which may determine higher or lower
risk of developing NPC. This hypothesis has been tested in previous studies which have
mapped EBV epitopes recognized by T cells in association with specific HLA alleles [62—
66]. HLA-A2-restricted epitopes from the latent membrane protein (LMP)-1 of EBV were
first investigated in healthy, EBV-seropositive individuals [66]. Lin HJ et a/. [64] reported
an epitope variant with a mutation involving one of the anchor residues of the HLA
molecule in position 2 (125 L to F) (YFL) and an additional mutation in position 5 (129 M
to 1) (YLL). Subsequent functional assays [63] have indicated the this variant was associated
with a lower efficiency of epitope biding to HLA-A2 molecules which resulted in the
abrogation of CTL recognition, and that this finding preferentially pertained to patients with
NPC. This observation suggests that HLA-A2-restricted “epitope loss variants” of LMP1
dominated in the EBV isolates from NPC of southern China and Taiwan and that they may
allow EBV-infected cells to escape from immune recognition in high incidence areas.

LMP-2 (another EBV protein commonly expressed by NPC cells), has subsequently been
observed to include the majority of EBV epitopes recognized by T cells in association with
HLA-A2. Lee et al. [67] identified an HLA-A*0201-restricted CTL response to a defined
epitope in LMP-2 (residues 426—434) in 6 of 12 HLA-A*0201-positive donors tested and
later identified two other CTL epitopes whose recognition was associated, though with
different efficiency, with other HLA-A2 subtypes (A0201, A0206, A0203, and A0207)[68].
However, the relevance of epitope recognition in experiments utilizing allogeneic T-cells
still remains to be elucidated when a partial mismatch between effector and target cells is
present [69]. Moreover, the functional relevance of HLA class | dependent antigen
presentation in determining the development of NPC remains to be a challenge due to the
lack of a reproducible identification of candidate epitopes presented in association with
HLA class | alleles which predispose to the risk of developing NPC in different
geographical areas. The EBV-specific epitopes restricted to HLA-A11 and some other
important alleles significantly associated with the prevalence of NPC have been so far less
extensively investigated. In a recent comprehensive epitope mapping of the LMP-2 protein,
we failed to identify significant differences in epitope immunogenicity among different
HLA alleles belonging to the HLA-A2 family and expressed with different frequency in
different ethnic groups and geographical areas [70].

We have found in our study a predominant recognition of LMP-2 viral products in
association with HLA-A*0201 [70] by healthy EBV-experienced individuals. Of 64 CD8+ T
cell responses directed against LMP-2, 39 occurred in PBMC from the HLA-A*0201
expressing donors. This finding may explain why the strongest associations between NPC
incidence and HLA phenotype have been associated with HLA-A2, and why HLA-A2 may
be associated with higher risk of developing NPC in Southern Asia where the prevalence of
HLA-A*0201 is relatively low compared with other HLA-A2 family members. In particular,
the Chinese population may lack the powerful immune response elicited by LMP-2 in the
context of HLA-A*0201 because the most frequent HLA-A alleles in Southern Asia include
HLA-A*0203 and HLA-A*0207. The predominant role that HLA-A*0201 may play in the
response to LMP-2 (if confirmed) may partly explain in functional terms the epidemiologic
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observation that NPC is predominant in Chinese patients expressing HLA-A*0207 [37].
Therefore, a comprehensive comparison of responses to LMP-2 in the context of the HLA-
A2 super family in different incidence areas is still warranted in the future.

Innate Immunity: NK-KIR-HLA

HLA class | alleles play an additional role in modulating natural killer (NK) cell biology
which are part of a potentially powerful anti-cancer innate effector mechanism. Interaction
of NK cells with normal levels of expression of HLA class | molecules by cancer or healthy
cells triggers the activation of Killer-immunoglobulin like receptors (KIRs) whose activation
exerts inhibitory effects of the function of NK cells. This recognition, however, is HLA class
| allele dependent and different HLA class | alleles can inhibit the function of select KIR
molecules on the surface of individual NK cells. The KIR family is highly polymorphic and
consists of activating receptors (KIR2DS1, 2, 3, 4, 5 and KIR3DS1) and inhibitory receptors
(KIR2DL1, 2/3, 4, 5A/B and KIR3DL1, 2, 3, 4) [71]. Recently, our knowledge about their
relationship with various HLA alleles has increased and data suggests that it may modulate
the immune surveillance against Hepatitis C Virus infection [72-74], Human
Immunodeficiency Virus infection [75-80], malignant melanoma [81, 82], cervical cancer
[83] and leukemia [84—-86]. Several interactions between KIRs and HLA alleles, such as
KIR3DS1 and KIR3DL1 with HLA-Bw4, KIR3DL1 with HLA-B57, KIR2DS1, KIR2DL3
and KIR2DS2 with HLA-Cw1 have been clearly defined [71]. A hypothesis has recently
been proposed by Butsch Kovacic M. ef al. [87] which attempts to link KIRs and HLA-Cw
to the incidence of NPC. An increased number of activating KIRs was found in NPC
patients, especially in individuals seropositive for anti-EBV antibodies known to be linked
to NPC susceptibility (Pireng= 0.07). A 3.4-fold increased risk of NPC (95% CI = 0.74-15.7)
was found in EBV exposed individuals carrying =5 activating KIRs compared with
individuals without functional activating KIRs. Meanwhile, individuals expressing HLA-
Cw*0401 were observed to be at a significantly reduced risk to develop NPC (OR=0.46,
95%C1=0.23-0.92). These results are consistent with other findings examining KIR
expression in HIV related cervical neoplasia[83].

Prevalence of NPC Determined by a Susceptibility Locus Linked to HLA

An alternative and, perhaps, more likely explanation for the associations between HLA and
the prevalence of NPC could be the presence of a locus in the HLA region in strong linkage
disequilibrium with HLA genes characterized by a genetic propensity to promote the
development of NPC [21, 35].

The first linkage study was published by Lu SJ et a/. [21] in 1990, based on affected sibling
pairs from Singapore, Hong Kong, and South China. This study first suggested the existence
of a recessive NPC susceptibility gene or locus in strong linkage disequilibrium with the
HLA class | region. The maximum likelihood estimated a relative risk of approximately 21.
Subsequently, Ooi et al. [22] have analyzed several microsatellite markers (D6S273,
D6S276, and D6S1624) around the tumor necrosis factor- gene (also defined as the HLA
class 11 region) as well as the loci of HLA-A, -B, -DR in 55 NPC patients and 62 normal
Chinese controls from Singapore. This study located this putative NPC susceptibility gene
within the centromeric end of the HLA class | region and the telomeric end of the HLA
class-111 region near the D6S1624 locus (Fig. 7). The presence of allele 4 of the
microsatellite conferred a 3.5-fold increase in the risk of developing NPC; a risk higher than
that associated with specific HLA loci. Subsequently, this hypothesis has been strengthened
by two other studies in Taiwanese patients. In 2003, Lu CC et a/. [23] reported a
microsatellite marker D6S211(Fig. 7) located 97 kb telomeric to HLA-A (OR = 3.97, p=
0.0042),. Moreover, Lu CC et al. [24] carried out a further study in which eight polymorphic
microsatellite markers distributed over a one megabase region surrounding the HLA-A locus
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were subjected to genetic analysis. This study narrowed down the likelihood of an NPC
susceptibility locus to a 132 Kb segment situated between the D6S211 and D6S510 close to
the HLA-A locus (Fig. 7). Recently Hu et al. have provided further evidence for an HLA-
related recessive mutation associated with NPC among Chinese [35]. These results
facilitated further positional cloning of the susceptibility locus within this region. However,
positional cloning has proven to be a challenge in this region due to the presence of 23
pseudogenes among a total of 24 genes. In order to evaluate whether this region is
associated with NPC, we have applied an association study on a Chinese population by
means of detection of tag single nucleotide polymorphisms (SNPs) and found that several
tag SNPs in this region were simultaneously associated with an increased risk of developing
NPC (unpublished observation). Among these tag SNPs, one was located at the 5" terminus
of a pseudogene adjacent to HLA-A locus. Computational prediction and electrophoresis
mobility shift assay (EMSA) verified the presence of a specific transcription binding site
when an A to G variant was present. This association between non HLA loci and the
prevalence of NPC expands the possible explanation for such associations. Although HLA-
A may represent an important gene that predisposes to the occurrence of NPC because of
specific immunological functions, it is more likely that another susceptibility locus or gene
in the same region may predispose to the development of NPC through different functional
pathways. Moreover, it is possible that pseudogenes in linkage with the HLA-A locus may
bear direct or indirect functional effects. Recently Zheng et al. have extensively examined
the transcriptional activity of pseudogenes in the ENCyclopedia of DNA Elements
(ENCODE) project and have demonstrated that at least one fifth of 201 pseudogenes in
ENCODE regions are transcribed in one or more cell lines and tissues [88, 89]. The
discovery that the Oct4 pseudogenes (Oct4-pg5 and Oct4-pgl) were transcribed in different
cancer cells and tissues suggests a possible regulatory function that may be pertinent to
carcinogenesis [90]. Finally, Yano et al. [91] have reported that pseudogenes transcribed as
non-coding RNA could play a new role in the regulation of homologous messenger RNA
stability. Therefore, the exact role of pseudogenes in this region should be investigated
although such investigation is currently challenged by the lack of efficient technologies to
assess the downstream functional effects.

CONCLUSION

Genetic susceptibility and EBV infection have been consistently reported as etiological co-
factors responsible for the risk of developing NPC in various geographical areas at various
level of risk. Other dietary, social and environmental factors may be more specific to
different areas and ethnic groups. Investigations aimed at the identification of genes
conferring susceptibility to NPC have focused on the HLA region in the short arm of
chromosome 6 due to the consistency in which associations between specific HLA alleles
and the prevalence of NPC have been reported especially in the Chinese population.
Although the reasons for these associations still remain elusive, HLA is undoubtedly playing
an important role in NPC predisposition, either by playing a functional role in modulating an
innate and adaptive immune response against EBV, or as a marker of an unrelated
predisposition locus in close linkage.

Therefore, further investigations should be encouraged to: 1) Extensively explore the
relationship between specific HLA restricted epitopes and EBV associated peptides; 2)
Further investigate the relationship between KIR and HLA phenotypes associated with the
development of NPC; 3) Expand the search for NPC susceptibility loci within or close to the
HLA region; and 4) Improve computational prediction approaches and downstream
functional technologies to explore the functional effects of genetic variances detected in this
region.
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Fig. (2). TheHLA region in Chromosome 6

The HLA region located on 6p21.3 is composed of Class Il, Class I1, and Class | genes
located in this order from the centromeric to the telomeric end. The Class | molecules are
involved in binding and presenting endogenously derived peptides to CD8+T cell, whereas
the class Il molecules are involving in binding and presenting exogenously derived peptides
to CD4+T cell. The Class 111 molecules are involved in the innate immune / inflammatory

response.
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Fig. (3). Odd ratio Meta analysis plot in high incidence area
A:HLA-A2, B: HLA-B46, C: HLA-A11, D: HLA-B13.
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Odds ratio meta-ananlysis is calculated by fixed effect model (Mantel-Haenszel, Robins-

Breslow -Greenland) and Random effects (DerSimonian-Laird) model according to the
Cochran's Q test.
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Fig. (4).
Odd ratio Meta analysis plot (random effects) for HLA-AZ2 in high, intermediate, and low
incidence areas.
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Odd ratio Meta analysis plot (random effects) for HLA-A11 In high, intermediate, and low

incidence areas.
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