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Abstract

Background: Genetic susceptibility is associated with nasopharyngeal carcinoma (NPC). We
previously identified rare variants potentially involved in familial NPC and common variants
significantly associated with sporadic NPC.

Methods: We conducted targeted gene sequencing of 20 genes (16 identified from the study of
multiplex families, 3 identified from a pooled analysis of NPC genome wide association study
[GWAS], and 1 identified from both studies) among 819 NPC cases and 938 controls from two
case-control studies in Taiwan (independent from previous studies). A targeted, multiplex PCR
primer panel was designed using the custom lon AmpliSeq Designer v4.2 targeting the regions of
the selected genes. Gene-based and single-variant tests were conducted.

Results: We found that NPC was associated with combined common and rare variants in
CDKNZ2A/2B (P=1.3x 107%), BRD2 (P=1.6 x 1073), TNFRSF19 (P=4.0 x 1073) and CLPTMIL/
TERT (P=5.4 x 1073). Such associations were likely driven by common variants within these
genes, based on gene-based analyses evaluating common variants and rare variants separately (e.g.
for common variants of CDKN2A/2B, P=4.6 x 10™4; for rare variants, £=0.04). We also observed
a suggestive association with rare variants in HNRNPU (P=3.8 x 1073) for NPC risk. In addition,
we validated four previously reported NPC-risk associated SNPs.

Conclusion: Our findings confirm previously reported associated variants and suggest that some
common variants in genes previously linked to familial NPC are associated with the development
of sporadic NPC.

Impact: NPC-associated genes, including CLPTMIL/TERT, BRDZ, and HNRNPU, suggest a
role for telomere length maintenance in NPC etiology.

Keywords

case-control; familial cases; nasopharyngeal carcinoma; sporadic cases; susceptibility gene;
Taiwan; targeted sequencing

Introduction

While Epstein-Barr virus (EBV) infection is a necessary cause for virtually all
undifferentiated nasopharyngeal carcinoma (NPC), only a small proportion of infected
individuals develop NPC (1,2). Inherited genetic susceptibility is hypothesized to be an
important risk factor for NPC among EBV infected individuals, and agnostic and targeted
studies of sporadic and familial NPC support this notion (3,4).

We recently completed a whole-exome sequencing study among 251 individuals from 97
multiplex NPC families from Taiwan in which novel, rare variants were implicated in the
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development of familial NPC (5). These variants are located in genes potentially involved in
notch signaling (NOTCHI, DLL3, LFNG, MAML1, MFNG, PSENZ2), magnesium transport
(NIPALI), EBV entry into epithelial cells (/7GB6), modulation of EBV (BCL2L 12,
NEDDAL, LAMC2), telomere biology (CLPTMIL, BRD2, HNRNPU), DNA repair
(PRKDC, MLHI) or modulation of cAMP signaling (RAPGEF3). Separate findings from a
meta-analysis of sporadic NPC noted significant associations for common polymorphisms
within genes involved in telomere biology (CLPTMIL/TERT), apoptosis (MECOM,
TINFRSF19), and cell cycle regulation (CDKN2A/2B) (6). Taken together, these studies of
familial and sporadic NPC point to a set of candidate genes that might be important in NPC
pathogenesis.

To follow-up on these findings, we performed a targeted gene sequencing of 20 genes/gene
regions in an independent set of 1,757 NPC cases and controls from two studies in Taiwan.
In this study, we aimed 1) to evaluate whether variability in genes involved in familial NPC
might also be associated with sporadic NPC and 2) to determine whether additional
polymorphisms in genes previously associated with sporadic NPC could be identified.

Materials and Methods

Study population

The two case-control studies in Taiwan have been described previously (7,8). In brief, the
first case-control study, conducted between 1991 and 1994, recruited incident NPC cases
from the Taipei metropolitan area and age, sex and residential area matched controls. Of 378
eligible cases and 372 controls, 369 cases (98%) and 320 controls (86%) agreed to
participate. The second case-control study, conducted between 2010 and 2014, recruited
prevalent and incident NPC cases diagnosed after January 1, 2007 from Northern and
Central Taiwan and age and sex frequency matched controls from the same geographical
regions. Of 1,850 eligible cases and 1,885 controls, 1,600 cases (86%) and 1,804 controls
(96%) agreed to participate.

For the present study, we included all individuals with DNA available from the first case-
control study (241 cases and 234 controls), and all individuals from the initial phase of the
second case-control study (578 cases and 704 controls), as samples were not available for
the remaining participants. For cases and controls, separately, we noted a similar distribution
of age and sex for those who were included and excluded from each study (~>0.05). In total,
we included 819 NPC cases and 938 controls. Characteristics of the NPC cases and controls
are presented in Supplementary Table 1. Of 819 NPC cases, 256 were prevalent (i.e.,
recruited after treatment was initiated/completed) and 563 were incident (i.e., recruited at the
time of diagnosis and prior to treatment initiation). Written informed consent was obtained
from all participants and both studies were approved by human subject committees in
Taiwan and the United States.

Targeted Sequencing Pipeline

DNA was extracted from the peripheral blood lymphocytes using the QlAamp DNA Blood
Mini Kit (Qiagen). The quantity and quality of the genomic DNA were assessed by

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2020 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Liuetal. Page 4

Nanodrop 1000 (Thermo Scientific) and Qubit (Life Technologies), respectively. A targeted,
multiplex PCR primer panel was designed using the custom lon AmpliSeq Designer v4.2
(Life Technologies, Carlsbad, CA, USA) targeting the coding regions of the 20 selected
genes/gene regions. Sample DNA (30ng) was amplified using this custom AmpliSeq primer
pool, and libraries were prepared following the manufacturer’s lon AmpliSeq Library
Preparation protocol (Life Technologies, Carlsbad, CA, USA).

Raw sequencing reads generated by the lon Torrent sequencer were quality and adaptor
trimmed by lon Torrent Suite and then aligned to the hg19 reference sequence by TMAP
(https://github.com/iontorrent/TS/tree/master/Analysis/TMAP) using default parameters.
Resulting BAM files were aligned using GATK LeftAlignindels module. Amplicon primers
were trimmed from aligned reads. Variant calls and filtrations were made by Torrent Variant
Caller 5.0 and Genome Analysis Toolkit (GATK, UnifiedGenotyper v3.1) (9). Variant
annotation was done by snpEff, SnpSift (http://snpeff.sourceforge.net/) and Annovar (10).
On average, we achieved a read length of 224 bp (with a minimum of 198 bp) across the
samples, with an average of mean depth of 1113x (interquartile range: 849x-1296x).
Insertions and deletions (INDELS) were not called due to the potential high false positive
rate of INDELS calling for the data generated from the lon Torrent sequencer. A total of
1966 variants were identified. Genotypes with read depth (DP) < 8 or genotype quality (GQ)
< 20 were considered as ambiguous calls and therefore were considered as missing values.
Variants missing in more than 5% of the samples in cases and controls were excluded
(N=120). We excluded multiallelic variants (172 SNPs) and SNPs with Hardy—Weinberg
equilibrium A< 10~ (N=2). Six candidate SNPs, which were significantly associated with
NPC in a previous GWAS pooled analysis (6), were interrogated with the lon Torrent panel;
as compared with the variant calling data, no discrepancy was observed.

Statistical analysis

We first focused on genes previously identified from a study of NPC multiplex families
(N=17), to test the hypothesis that genes involved in familial NPC are also associated with
sporadic NPC. We then focused on genes associated with sporadic NPC from a previously
reported NPC GWAS (N=4; 1 overlapped with the list from the family study) to both
confirm previous findings and to determine whether there is support for an association with
NPC for additional variants within those genes.

For gene-based analyses, we used the Sequence Kernel Association combined sum test
(SKAT-C) to estimate the effect of common variants and combined effect of common (minor
allele frequency - MAF - 21% among all study subjects) and rare (MAF <1% among all
study subjects) variants with NPC risk (11). To evaluate the association between rare
variants alone and NPC risk, we used the SKAT optimal adjusted (SKAT-O) test that
encompasses the SKAT test and burden test. All SKAT analyses were performed using
default weights, adjusting for sex and age groups (in 10-year category). For single-variant
analyses (restricted to common variants), associations between SNPs and NPC were
analyzed by logistic regression under a log additive model, adjusting for study, sex, and age
groups (in 10-year category).
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We considered a gene-based association significant if the nominal Pvalue was < 2.5 x 1073,
corresponding to a Bonferroni correction for 20 genes evaluated. For the four SNPs with
previously reported genome-wide significance (P< 5 x 1078) (6), we considered Pvalue of
<0.05 as significant. For other SNPs, we considered a single-variant association significant if
the nominal Pvalue was < 2.7 x 1074, corresponding to a Bonferroni correction for 187 tests
(total number of common variants evaluated). Sensitivity analysis was conducted among
incident cases and all controls.

Based on the current sample size (~800 cases and ~900 controls), after correction for
multiple test (significant level = 2.7 x 10™4), we had at least 80% power to detect an odds
ratio (OR) as low as 3.4, 1.9, and 1.6, corresponding to MAF of 1%, 5%, and 10%,
respectively. Due to a modest sample size, we have a limited power to identify disease
association for rare variants.

Number of variants:

From the selected 20 genes/gene regions, we identified a total of 1670 variants among 1,757
participants (819 NPC; 938 controls), of which 187 were common (MAF = 1%).

Gene-based Analyses:

The association between the combined effect of rare and common variants and NPC risk is
summarized in Table 1. For genes previously identified from a study of multiplex families,
the most significant association was observed for BRDZlocated on Chromosome 6 (P
skaT-c = 0.0016). A suggestive association was observed for CLPTMIL/TERT located on
Chromosome 5 (P skar.c = 0.0054). In analyses restricted to rare variants (MAF <1%),
however, no evidence for significant associations for these two genes was noted, suggesting
that the observed association was more likely explained by common variants within these
gene regions. We observed a suggestive association with NPC for rare variants in HNRNPU
located on Chromosome 1 (P skat-0 = 0.0038).

For genes previously identified from a meta-analysis of NPC GWAS, the most significant
association was observed for COKNZA/2B located on Chromosome 9 (Pskar.c = 1.3 X
10™4), followed by a suggestive association for TAVFRSF19located on Chromosome 13 (P
skaT-c = 0.0040). Again, no evidence for significant associations for these two genes was
noted in analyses restricted to rare variants.

SNP-based Analyses: The association between individual common SNPs and NPC risk is
summarized in Table 2 and Supplemental Tables 2 and 3. For SNPs from genes previously
identified from a multiplex family study, suggestive evidence in support of an association
with NPC was observed for rs78231671 (P= 4.7 x 1074, Table 2), an intronic SNP in the
PRKDC gene region, and for rs76146382 (P= 5.8 x 1074) in the BRD2 gene region.

We next evaluated the four SNPs that were previously reported to be significantly associated
with NPC in a meta-analysis (6). All four SNPs, located within the CLPTMIL/TERT,
CDKNZA/2B, TNFRSF19, and MECOM genes/gene regions, were significantly associated
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with NPC, and the direction of the association was the same as previously reported (P <
0.05, Table 2). Of an additional 29 SNPs evaluated within these four genes (Supplemental
Table 2), 10 were in suggestive LD with the primary a-priori SNPs evaluated (r? >0.20 with
the primary a-priori SNP, Supplementary Figures 1A-D). Of the remaining 19 SNPs, we
found suggestive evidence for an association with NPC for one SNP within CLPTMI1L/
TERT, rs13167280 (P=0.012, Supplementary Table 2), and one SNP within MECOM
region, rs17466625 (P= 0.011).

The association between other common SNPs and NPC risk is summarized in
Supplementary Table 3. Associations of similar magnitude were observed in analysis among
incident cases and controls (Supplementary Tables 4 and 5).

Discussion

In this targeted gene sequencing study, we extended our findings from a study of NPC
multiplex families aimed at identifying genes associated with familial NPC risk by showing
that 2 genes, including CLPTM1L/TERT and BRDZ, are also associated with sporadic NPC
risk in Taiwan. A suggestive association was observed for HNRNPU. In addition, we
confirmed results from a recent meta-GWAS of NPC by showing that 4 previously reported
SNPs in genes CDKNZA/2B, MECOM, TNFRSF19, and CLPTMI1L/TERT locus also
conferred risk for sporadic NPC in this Taiwanese sample.

The biological implication for genes CDKN2A/2B, TNFRSF19, and CLPTMIL/TERT in
NPC pathogenesis have been discussed previously (6,12). These genes are involved in cell
growth control (CDKN2A/2B and TNFRSF19), and telomere length maintenance
(CLPTMI1L/TERT). Both BRD2and HNRNPU are also involved in telomere biology
(13,14). BRD2 is one of the host chromatin factors interacting with the Kaposi’s sarcoma-
associated herpesvirus latency-associated nuclear antigen 1 that affects chromatin structure
and maintenance of the telomere repeat (15). Of note, the most significantly associated SNP
within BRD2was rs76146382. This SNP is in LD with an extended HLA haplotype known
to be associated with NPC, HLA-A*3303~B*5801~DRB1*0301 (r2 >0.6) (7,16). It remains
to be determined whether the association with BRDZ2 observed in the present study is
explained by or independent of this previously reported HLA association. The role of
HNRNPU in NPC pathogenesis is not clear. Overexpression of HNRNPU has been
associated with telomere shortening (13). In addition, HNRNPU shows a strong homology
with sequence of EBV nuclear antigen 1 (EBNA1), which is important for NPC
development (17). Whether such similarity would have biological implication is unclear.
Taken together, although other mechanisms merit further investigation, our findings further
support a role for telomere maintenance in NPC pathogenesis.

Variants in other genes previously linked to familial NPC were not associated with the risk
of sporadic NPC. This finding could be due to the fact that genes involved in familial NPC
pathogenesis differ from genes in sporadic NPC pathogenesis or to false positive findings in
our previous familial NPC study. In addition, false negative findings cannot be ruled out
given the modest sample size and power of our study to identify disease associations for rare
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variants that occur with very low frequency in the population and account for a small
proportion of NPC cases. More studies are needed to confirm our findings.

In summary, variants in several genes previously linked to familial NPC were associated
with the risk of sporadic NPC and the risk was more likely to be driven by common rather
than rare variants within these genes. We also confirmed previously reported associations
from NPC GWAS for SNPs in four genes. Our findings highlighted the important role for
telomere length maintenance in NPC pathogenesis.

Supplementary Material

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

Genes associated with nasopharyngeal carcinoma (NPC) in Taiwan identified by SKAT gene-based tests
among all cases and controls.

Common and rare Common variants Rare variants
Chr. Gene Cytoband variants combined (MAF >1%) (MAF <1%)
N.ofvariants pg @ N.ofvariants pg.,.? N.ofvariants pg o2
Gene previously identified from a study of multiplex families and a meta-analysis of NPC GWAS
5 CLPTMIL/TERT 5pl5.33 166 0.0054 14 0.0028 152 0.60
Gene previously identified from a study of multiplex families
6 BRDZ2 6p21.32 79 0.0016 20 0.0010 59 0.25
1 HNRNPU 1q44 46 0.016 6 0.55 40 0.0038
8 PRKDC 8g11.21 260 0.14 17 0.16 243 0.41
4  NIFALI 4p12 25 0.47 0 N/A 25 0.68
7 LFNG 7p22.3 83 0.34 7 0.23 76 0.13
19 BCL2L1Z2 19g13.33 27 0.24 1 0.27 26 0.36
5 MAMLI 5035.3 32 0.36 3 0.50 29 0.67
12 RAPGEF3 12g13.11 103 0.27 17 0.33 86 0.45
3 MLHI 3p22.2 61 0.29 9 0.12 52 0.89
22 MFNG 22013.1 33 0.41 2 0.65 31 0.34
19 DLL3 19q13.2 39 0.45 4 0.16 35 0.10
9 NOTCHI 9934.3 266 0.61 20 0.55 246 0.53
2 ITGB6 2024.2 65 0.64 7 1.00 58 0.44
1 PSENZ 1g42.13 58 0.66 6 0.32 52 0.73
1 LAMmC2 1g25.3 100 0.68 26 0.71 74 0.62
18 NEDDA4L 18¢g21.31 97 0.88 9 0.83 88 0.70
Gene previously identified from a meta-analysis of NPC GWAS
9 CDKNZ2A/ZB 9p21.3 32 0.00013 6 0.00046 26 0.04
13 TNFRSF19 13qg12.12 33 0.0040 8 0.00061 25 0.88
3 MECOM 3026.2 65 0.19 5 0.042 60 0.92

Abbreviation: Chr: Chromosome; GWAS: genome-wide association study; MAF: minor allele frequency; SKAT: Sequence Kernel Association test;
SKAT-C: Sequence Kernel Association combined sum test; SKAT-O: Sequence Kernel Association test with optimal adjustment (burden test).

aAII models were adjusted for study, sex and age group (in 10-year category).
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Selected results from associations of common variants (MAF >1%) with nasopharyngeal carcinoma (NPC)

risk in Taiwan among all cases and controls.

MAF
SNP Gene Chr  Position (bop) REF EFFECT MAF
Control  Case

a
OR per allele P
(95% Cl)

Gene previously identified from a study of multiplex families b
1s78231671 PRKDC 8 48695175 T Cc 0.037 0.026 0.049
rs76146382 BRDZ2 6 32943229 T C 0.073 0.058 0.089

Gene previously identified from a pooled analysis of NPC GWAS ¢

rs31489 CLPTMIL/TERT 5 1342714 C A 0.161 0.177  0.142
rs1412829 CDKN2A/ZB 9 22043926 A G 0.089 0.105 0.071
rs9510787 TNFRSF19 13 24205195 A G 0.326 0.304 0.351
1s6774494 MECOM 3 169082633 G A 0.385 0.403  0.366

1.93 (1.34-2.82) 0.00047
1.57 (1.22-2.03)  0.00058

078 (0.65-0.94)  0.011
0.66 (0.52-0.83)  0.00052
1.24 (1.08-1.43)  0.0026
0.84(0.73-0.97)  0.017

Abbreviation: Chr: Chromosome; CI: confidence interval; EFFECT: effect allele; GWAS: genome-wide association study; MAF: minor allele

frequency; NPC: nasopharyngeal carcinoma; OR: odds ratio; REF: reference allele
aAII models were adjusted for study, sex, and age group (in 10-year category).
bRef: #5.

CSeIected based on results from a pooled analysis (ref: #6).
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