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Abstract

Background—Genetic loci within the major histocompatibility complex (MHC) have been
associated with nasopharyngeal carcinoma (NPC), an Epstein-Barr virus (EBV)-associated cancer,
in several GWAS. Results outside this region have varied.

Methods—We conducted a meta-analysis of four NPC GWAS among Chinese individuals
(2,152 cases;3,740 controls). 43 noteworthy findings outside the MHC region were identified and
targeted for replication in a pooled analysis of 4 independent case-control studies across 3 regions
in Asia (4,716 cases;5,379 controls). A meta-analysis that combined results from the initial GWA
and replication studies was performed.

Results—In the combined meta-analysis, rs31489, located within the CLPTM1L/TERT region on
chromosome 5p15.33, was strongly associated with NPC (OR=0.81;p-value 6.3*10713). Our
results also provide support for associations reported from published NPC GWAS - rs6774494 (p
= 1.5*10712;located in the MECOM gene region), rs9510787 (p = 5.0%1071%:ocated in the
TNFRSF19 gene region), and rs1412829/rs4977756/rs1063192 (p = 2.8*1078,p = 7.0%10~,and p
=8.4*107" respectively;located in the CDKN2A/B gene region).

Conclusion—We have identified a novel association between genetic variation in the
CLPTMIL/TERT region and NPC. Supporting our finding, rs31489 and other SNPs in this region
have been reported to be associated with multiple cancer sites, candidate-based studies have
reported associations between polymorphisms in this region and NPC, the TERT gene is important
for telomere maintenance and has been reported to be over-expressed in NPC, and an EBV protein
expressed in NPC (LMP1) modulates TERT expression/telomerase activity.

Impact—Our finding suggests that factors involved in telomere length maintenance are involved
in NPC pathogenesis.

Keywords

Head and neck/oral cancers; Telomeres and telomerase; Polymorphisms in genes related to cell
growth; differentiation; metastatic potential; apoptosis in cancer risk
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Introduction

Nasopharyngeal carcinoma (NPC) is linked to EBV infection. While EBV infection is
ubiquitous, NPC incidence varies considerably around the world [1]. It is hypothesized that
genetic differences across populations partly explain the predilection of this cancer to
individuals of Southeast Asian descent. Several lines of evidence support a role for genetic
susceptibility in NPC. The disease clusters within families [1]. Also, numerous studies have
implicated polymorphisms in candidate genes in NPC [2,3]. The most consistent evidence
has been for an association between HLA and NPC, an association that is biologically
plausible given the central role of EBV in NPC and of HLA in immune presentation/
handling [4].

Several NPC GWAS have recently been published [5-9]; all provided support for the
importance of genetic factors and clearly confirmed the involvement of genes in the MHC
region (region where HLA genes reside) in NPC. Associations outside the MHC were also
reported from these GWAS but were not as strong or consistent, suggesting the need for
pooling across studies and larger efforts to identify novel genes involved in this disease
[5-9].

We report a meta-analysis of four published GWAS (2,152 cases; 3,740 controls), followed
by replication of noteworthy findings in case-control studies from the populations where the
GWAS were conducted (4,716 cases; 5,379 controls). Our analysis identified a novel
association between CLPTM1L/TERT and NPC and confirmed reported associations for
SNPs located in the MECOM, TNFRSF19, and CDKN2A/2B gene regions.

Materials and Methods

The GWAS contributing to our meta-analysis included histologically confirmed NPC cases
and region-specific controls restricted to individuals of Chinese ethnicity (Table 1) [5-8].
Genotyping for these four GWAS were performed using lllumina platforms. The two
Malaysian GWAS were analyzed as one. All data included passed QC filtering criteria as
described for the respective studies [5-8].

To maximize coverage across studies, genome-wide imputations were performed for each
study using typed SNPs. SNPs with call rates >90%, minor allele frequencies >3%, and that
had genotype distributions that did not deviate from the expected by Hardy-Weinberg
equilibrium (in controls; P>107%) were retained for imputation using IMPUTE2. HapMap
reference data were used (HapMap phase I1l, CHB+CHD+JPT data from IMPUTE2
website). Imputed genotypes with information score <90%, MAF <3% or missing >10%
were excluded. GTOOL (http://www.well.ox.ac.uk/~cfreeman/software/gwas/gtool.html)
was employed for data conversions.

For each GWAS, SNPs were analyzed by logistic regression under a log additive model,
adjusting for age and cryptic population stratification. To define population stratification
adjustment factors, principal component analysis was performed (EIGENSTRAT) using a
pruned set of 30,956 SNPs defined based on pairwise linkage disequilibrium (r2<0.05
among Chinese) and restricted to SNPs with MAF >3%. The top 10 eigenvectors were
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evaluated for their association with NPC (separately for each individual GWAS) and
included in the final logistic models if p-value <0.05 by the Wald test.

Using results from individual GWAS, we identified the 500 SNPs with the lowest p-values
from each of the studies after exclusion of SNPs that could not be imputed or failed QC
filtering. We combined these study-specific lists of top-SNPs into a single list for
consideration as part of the present meta-analysis. In total, 1,590 SNPs were identified
through this process and these 1,590 SNPs comprised the basis for the present meta-analysis.
Summary statistics (number cases/controls, genotype counts, beta coefficients , and standard
deviations) were obtained from individual studies for selected SNPs and a meta-analysis was
performed using a fixed effects model (R-program).

SNPs were selected for replication as follows. We arbitrarily ranked (by p-value) the top 200
hits (all with p-values <0.0167) from the meta-analysis for which the direction of the
association was consistent across all individual studies. We then selected SNPs with p-
values <1*107° that were 250kb+ from other selected SNPs. For SNPs within 250kb of
another SNP on the list, we retained SNPs that had an r2 < 0.80 (based on Chinese data from
the 1k genome project) and the SNP with the smaller p-value when the r2 between SNPs was
>0.80. Thirty SNPs were selected based on these criteria. We added 14 SNPs nominated by
consortium members based on results from individual GWAS and other information from
candidate-based studies and other studies in the published literature. One SNP that qualified
based on the criteria above but failed in the design of the custom array described below was
excluded (rs11865086). A second SNP that qualified but failed in the custom array design
(rs6931820) was replaced with a SNP in strong LD with the original SNP (rs1324103; r2 =
0.88). In total, 43 SNPs were evaluated in the replication phase of our effort.

Replication studies were restricted to studies among individuals of Chinese descent. In total,
we included 4,716 cases and 5,379 controls across four case-control studies in Mainland
China, Malaysia, and Taiwan (Table 1). All four studies were hospital-based, recruiting
NPC cases from selected hospitals in their respective geographical area. For the southern
China study, cases were recruited from the Sun Yat-Sen University Cancer Center and the
Southern Medical University Hospital. For the Malaysia study, cases were recruited from
the University of Malaysia Medical Center and from a network of additional hospitals across
the country. For the two Taiwan studies, cases were recruited form the National Taiwan
University and MacKay Memorial hospitals and from the Chang Gung Memorial and
Linkou hospitals, respectively. Cases were restricted to adults with histologically confirmed
NPC. Geographically matched controls of Chinese descent were frequency (southern China,
Malaysia and Taiwan Il studies) or individually (Taiwan I study) matched to cases on age
and gender. Controls did not have a history of NPC diagnosis. Studies were reviewed/
approved by ethical committees and informed consent was obtained from participants.

A custom designed array containing the 43 SNPs selected for replication was developed
using the Sequenome MassARRAY iPlex assay (Supplemental Table 1S). Testing was
performed in one of two laboratories. To ensure comparable quality across laboratories, a
common QC panel consisting of 94 HapMap samples was tested. Percent agreement across
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laboratories for the 43 SNPs tested was 97% (range: 82%-100%; Agreement was >85% for
all but two SNPs: rs189897 and rs4714505).

To analyze the replication studies, individual genotyping results were pooled and an additive
logistic regression model used to evaluate the effect of each SNP, adjusting for study. To
summarize information across the GWAS and replication studies, we conducted a meta
analysis using the fixed effect model to integrate estimates from all studies.

The initial meta-analysis across GWAS included a total of 2,152 cases and 3,740 controls.
Results from the meta-analysis are summarized in Supplemental Table 2S. As described in
the Materials and Methods section, we identified 43 SNPs for replication based on the
GWAS meta-analysis. Replication was performed on a total of 4,716 cases and 5,379
controls across 4 studies (Table 1). Results from this replication effort are summarized in
Table 2. In this analysis, the strongest evidence in support of an association with NPC was
observed for rs31489 (OR=0.79; p-value=4.3*10711), an intronic SNP within CLPTMI1L in
the CLPTM1L/TERT region (chr.5p15.33). This represents a locus not reported in previously
published NPC GWAS. Findings for this SNP were consistent in the mainland Chinese and
two Taiwanese replication studies and absent from the Malaysian replication study, the
smallest of the replication efforts (Supplemental Figure 1S). A second SNP within the
CLPTMIL/TERT locus (rs2853668; r2 = 0.108 and D’ = 0.917 with rs 31489 among controls
in our replication studies) was also associated with NPC in the replication phase (OR=1.11;
p-value=5.2*10"%), but the association was no longer statistically significant in analyses that
conditioned on rs31489 (OR=1.05; p-value=0.15).

In analyses that combined the GWAS and replication studies, findings for rs31489 were
strengthened (OR across GWA+replication studies = 0.81; p.yaiye = 6.3*10713) (Table 2).
Some evidence for heterogeneity across studies was observed (p.heterogeneity = 0-035).
Additional associations (p < 1*10~7) were observed in our combined GWA plus replication
studies meta-analysis for rs6774494 (p = 1.5*10712; MECOM gene region), rs9510787 (p =
5.0%10710; TNFRSF19 gene region), rs1412829, rs4977756, and rs1063192 (p = 2.8*1078, p
=7.0*1077, and p = 8.4*107 respectively; CDKN2A/2B gene region) (Table 2;
Supplemental Figure 1S).

Discussion

We report herein results from a meta-analysis of NPC GWAS followed by replication
studies across three regions in Asia. A novel association was observed within the
CLPTMI1L/TERT locus. This finding is of note given that SNPs in this region were reported
from GWAS conducted for numerous other cancers, including lung, bladder, pancreas, testis
and central nervous system [10]. A recent meta-analysis of 85 studies including over
490,000 subjects that evaluated 67 TERT/CLPTM1L locus polymorphisms and 24 tumor
types identified 11 SNPs with strong cumulative evidence for an association with at least
one cancer type. rs31489 was one of these SNPs and was found to have strong cumulative
evidence for association with testicular cancer among Caucasians and moderate cumulative
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evidence for association with Asian lung cancer [10]. Furthermore, a review of the literature
identified candidate gene studies (two that evaluated SNPs and a third that evaluated a
microsatellite marker) that reported an association between polymorphisms within the
CLPTMI1L/TERT locus and NPC [11-13]. Two of the three SNPs evaluated in these studies
are in LD with rs31489 (rs401681 r2 = 0.427 in 1kG ASN and 0.512 in 1kG CHB; rs402710
r2 = 0.433 in 1kG ASN and 0.569 in 1kG CHB). The third SNP is not in LD with rs31489,
suggesting the possibility for the existence of greater than one independent susceptibility
variant within the CLPTM1L/TERT locus (rs2736098 r2 = 0.016 in 1kG ASN and 0.049 in
1kG CHB). Our findings in the CLPTM1L/TERT locus gain added significance given the
role of TERT in telomere length regulation [14], the finding that telomerase overexpression
is observed in NPC [15], and that the EBV proteins LMP1, a protein frequently expressed in
NPC, activates TERT expression and enhances telomerase activity [16,17]. We did observe
evidence for possible heterogeneity in effect observed for rs31489 across study populations
(P-heterogeneity = 0.035). The evidence for heterogeneity was of marginal statistical
significance and was driven primarily by the two Malaysian studies included in our effort. It
is unclear at this time whether our findings reflect true heterogeneity, differential
misclassification of ethnicity in the Malaysian studies, or a chance finding. This observation
deserves further consideration in future studies.

Additional associations (p < 1*10~7) were observed in our combined GWA plus replication
studies meta-analysis for rs6774494 (p = 1.5*10712; MECOM gene region), rs9510787 (p =
5.0%10710; TNFRSF19 gene region), rs1412829, rs4977756, and rs1063192 (p = 2.8*1078, p
=7.0%1077, and p = 8.4*107 respectively; CDKN2A/2B gene region) (Table 2;
Supplemental Figure 1S). These associations were previously reported from the Mainland
China NPC GWAS and their potential biological implications discussed [6]; our data
provide support for these associations.

Strengths of our study include the fact that it evaluated associations with NPC across
multiple GWAS and the large size of its replication effort. Limitations include the inability
to further investigate potential heterogeneity of effects by exposure status or geographic/
ethnic groups. Future studies should explore the associations reported herein in additional
populations with differing ethnic makeup.

In conclusion, our GWAS meta-analysis and replication effort has identified an additional
susceptibility locus for NPC within the CLPTM1L/TERT region of chromosome 5p15.33
and provides support for several previously reported NPC susceptibility loci.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Summary of Studies Included in this Analysis

Phase Ref.# Location Genotyping Platform #Cases #Controls
GWAS 6 Southern China Illumina Hap610 1583 2979
GWAS 7 Taiwan Illumina 600 Hap550v3_A BeadChips 277 285
GWAS 5 Malaysia (1) Illumina Hap550v3 BeadChip 108 240
GWAS 8 Malaysia (2) Illumina Human OmniExpress_12 v1.1 BeadChip 184 236
GWAS-SUM 2152 3740
Replication | Southern China |  Sequenom custom array 3525 4121
Replication | Malaysia Sequenom custom array 335 405
Replication | Taiwan | Sequenom custom array 352 312
Replication | Taiwan 11 Sequenom custom array 504 541
Replication I - SUM 4716 5379
TOTAL 6868 9119
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