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Abstract

To identify genetic variants for risk of squamous cell carcinoma of the head and neck (SCCHN),
we conducted a two-phase genome-wide association study consisting of 7,858,089 SNPs in 2,171
cases and 4,493 controls of non-Hispanic white, of which 434,839 typed and 7,423,250 imputed
SNPs as the discovery. SNPs with P <1x10-3 were further validated in the OncoArray study of
oral and pharynx cancer (5,205 cases and 3,232 controls of European ancestry) from dbGaP. Meta-
analysis of the discovery and replication studies identified one novel locus 6p22.1 (P = 2.96x10-9
for the leading rs259919) and two cancer susceptibility loci 6p21.32 (rs3135001, HLA-DQB1) and
6p21.33 (rs1265081, CCHCR1) associated with SCCHN risk. Further stratification by tumor site
revealed four known cancer loci (5p15.33, 6p21.32, 6p21.33, and 2p23.1) associated with oral
cavity cancer risk and oropharyngeal cancer risk, respectively. In addition, one novel locus
18922.2 (P = 2.54x10-9 for the leading SNP rs142021700) was identified for hypo-pharynx and
larynx cancer risk. For SNPs in those reported or novel loci, we also performed functional
annotations by bioinformatics prediction and eQTL analysis. Collectively, our identification of
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four reported loci (2p23.1, 5p15.33, 6p21.32, and 6p21.33) and two novel loci (6p22.1 and
18¢22.2) for SCCHN risk highlight the importance of HLA loci for oropharyngeal cancer risk,
suggesting that immunologic mechanisms are implicated in the etiology of this subset of SCCHN.
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Introduction

Squamous cell carcinoma of the head and neck (SCCHN) is the sixth most common
malignancy world-wide and seventh leading cause of cancer-related deaths worldwide (1,2).
In the United States, it is estimated that there will be approximately be 65,410 new cases and
14,620 deaths to occur in 2019 (3). SCCHN includes cancers of the oral cavity (including
the gums and tongue), pharynx and larynx with well-documented associations with exposure
to tobacco and alcohol as well as infection with human papillomavirus (HPV) (4-6).
However, the disease develops in only a small fraction of tobacco users, alcohol drinkers or
individuals who contracted HPV (7); implying an important role of genetic susceptibility in
the etiology of SCCHN (8,9). For example, genetic variants in alcohol-related genes (i.e.,
ADH1B and ADHY) have been reported to be associated with the risk of SCCHN and upper
aerodigestive cancers (10,11). To date, there is only two published genome-wide association
studies (GWASs) of SCCHN (12,13). One study was performed with 2,398 cases and 2,804
controls with Chinese ancestry and reported six loci (i.e., 5914.3, 6p21.33, 6916.1, 11g12.2,
12g24.21 and16p13.2) associated with the laryngeal cancer risk (12). Another study
investigated the genetic susceptibility of oral cavity and pharyngeal cancer with 6,034 cases
and 6,585 controls of European ancestry, which reported three loci (i.e., 6p21.32, 10926.13
and 11p15.4) associated with the overall cancer risk, four loci (i.e., 2p23.3, 5p15.33, 9p15.3
and 9g34.12) contribute to oral cancer, and the human leukocyte antigen (HLA) region
6p21.32 associated with oropharyngeal cancer (13). These limited risk loci represent only a
small proportion of heritability, and no additional follow-up studies have been reported.

In the present GWAS, with the goal of identifying additional novel genetic risk loci for
SCCHN, we conducted a two-phase GWA study in non-Hispanic whites. We first identified
SNPs in the MDACC GWAS, followed by validating those SNPs with A< 1 x 1073 using the
published OncoArray GWAS data. As a result, we found three loci (6p22.1, 6p21.33 and
6p21.32) for overall SCCHN risk, three for oropharyngeal cancer risk (2p23.1, 6p21.33 and
6p21.32), two for oral cavity cancer risk (5p15.33 and 6p21.32), and one (18922.2) for the
hypo-pharyngeal and laryngeal cancer risk. Therefore, we identified two novel loci (6p22.1
and 18q22.2) for SCCHN risk in addition the replication of four known cancer susceptibility
regions (2p23.1, 5p15.33, 6p21.33 and 6p21.32).
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Material and Methods

Populations and genotyping

Discovery population: The SCCHN cases of the present GWAS were ascertained at
Head and Neck Surgery Clinic through The University of Texas MD Anderson Cancer
Center, Texas (MDACC) (14,15) between December 1996 and July 2011, whose genomic
DNA was genotyped with lllumina HumanOmniExpress-12v1 BeadChip. All cases were
individuals with newly diagnosed, histologically confirmed, previously untreated SCCHN of
the oral cavity, pharynx or larynx (14-16). Cases were categorized by tumor site according
to the International Classification of Diseases for Oncology (ICD-O, 2"d ed.) or ICD10
(5,17-19). We considered individuals with cancers of the oral cavity (codes C00.3—-C00.9,
C02.0-C02.3, C03.0, C03.1, C03.9, C04.0, C04.1, C04.8, C04.9, C05.0, C06.0-C06.2,
C06.8, and C06.9), oropharynx (codes C01.9, C02.4, C05.1, C05.2, C09.0, C09.1, C09.8,
C09.9, C10.0-C10.4, C10.8, and C10.9), hypopharynx (codes C12.9, C13.0-C13.2, C13.8,
and C13.9), oral cavity or pharynx overlapping or not otherwise specified (codes C02.8,
C02.9, C05.8, C05.9, C14.0, C14.2, and C14.8), larynx (codes C32.0-C32.3 and C32.8—
C32.9). After quality control process, genotypes were available for 2,221 cases
(Supplementary Figure. 1).

The controls were recruited from genetically unrelated visitors who accompanied cancer
patients to MDACC outpatient clinics (14,15,20), or individuals recruited previously for the
MDACC melanoma study (20), which was deposited in database of Genotypes and
Phenotypes (dbGaP accession#: phs000187.v1.p1) or from Study of Addiction: Genetics and
Environment (SAGE) study (SAGE; dbGaP accession #: phs000092.v1.p1) (21). Of these
datasets, there were 1,188 cancer-free individuals recruited for the SCCHN study, whose
genomic DNA was genotyped by using lHlumina HumanOmniExpress-12v1 BeadChip;
1,026 cancer-free individuals previously recruited for the melanoma GWA study, in which
the genomic DNA was genotyped by using lllumina Omnil-Quad_v1-0_B BeadChip, and
2,377 cancer-free individuals of European descendent from the SAGE study(21), who have
genotyping data generated by Illumina Human1Mv1 BeadChip. After quality control
procedure, genotypes were available for 2,965 individuals. The genotyping data of the
SCCHN GWAS has been deposited in the dbGaP (accession #: phs001173.v1.pl).

All participants in the discovery study signed a written informed consent form that permits
us to collect blood samples and clinic-pathological information. The study protocols were
approved by the Institutional Review Board of MDACC in accordance with tenets of the
Declaration of Helsinki.

Replication Population: The replication dataset was part of a published study, which
comprised 6,034 cases and 6,585 controls derived from 12 epidemiological studies, with the
majority having been collected through a case-control design as part of the International
Head and Neck Cancer Epidemiology Consortium (INHANCE) (13). We requested the
related genotyping data and phenotype data from dbGaP (accession#: phs001202.v1.pl), in
which data were available for 6034 cases and 4062 controls. Genomic DNA isolated from
blood or buccal cells was genotyped at the Center for Inherited Disease Research (CIDR)
with a novel genotyping tool, the Illumina OncoArray custom array designed for cancer
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studies by the OncoArray Consortium part of the Genetic Associations and Mechanisms in
Oncology (GAME-ON) Network. The majority of the samples that were genotyped had oral
and pharynx cancer.

Quality control in both discovery and replication GWASs

Imputation

For discovery study, we used genotypes to identify individuals with discordant sex
information, duplicates and closely related individuals among all samples. We identified
genetically related individuals by calculating genome-wide identity-by-state (IBS) distances
on markers for each pair of individuals. For any pair with allele sharing of > 80%, we
excluded the sample generating the lowest call rate from further analysis. Across data from
both phases, we excluded 15 lacking consent, 101 duplicated individuals, 49 individuals
because of discordant sex information, 8 because of cryptic relatedness, and 9 because of
overall genotyping rate below 95% (Supplementary Figure. 1). For the combined data of
2,171 cases and 4,493 controls, 543,328 tagging SNPs were available. After applying quality
control on genotype data, we retained 414,349 autosomal and 9,955 X chromosome SNPs
showing minimal departure from Hardy-Weinberg equilibrium (HWE; 2> 1075 in controls),
genotyping typing call rate = 95% and minor allele frequencies (MAF) = 1% in cases and
controls.

As described in a previous publication, a similar quality control process was applied in the
validation GWAS (13). Briefly, this study first excluded samples with genotyping rate <95%
and SNPs with call rate < 95%. After that, we also removed samples with unsolved genetic
and reported sex discrepancies and individuals with outlying autosomal heterozygosity rate
[+/- 4 standard deviations (SD)], as well as duplicate-pairs (IBD > 0.9) and relative pairs
(showing IBD > 0.3). SNPs with MAF < 1% and deviation of HWE in controls (> 1075)
were also removed.

We also applied FastPop to estimate ancestry proportion (22). The final samples were those
with the proportion of European ancestry = 0.8, which included 2,171 cases and 4,493
controls for the discovery study (MDACC, Supplementary Figure 2), and 5,205 cases and
3,232 controls for the replication study (OncoArray).

To impute unknown genetic variation, we first performed strand flip using PLINK to convert
all alleles to the forward genomic strand, and then used SHAPEIT for phasing and
performed imputation with minimac4 on the Michigan imputation server (https://
imputationserver.sph.umich.edu) with the HRC reference panel (Version r1.1 2016)
consisting of 64,940 haplotypes of predominantly European ancestry. For imputation, we
used a set of high-quality SNPs: an MAF > 0.01; a call rate > 95%, Hardy-Weinberg
equilibrium test 2> 1078; an allele frequency difference > 0.20 between the sample data and
the reference panel. After imputation, SNPs with an MAF < 0.01 or imputation quality /2 <
0.3 or a significant allele frequency difference (P < 1X1073) among the controls of newly
genotyped and those from the MDACC and SAGE GWAS, were excluded from the final
association analysis. Thus, the final set included 7,858,089 SNPs on autosomes and X
chromosome, of which 434,839 were typed and 7,423,250 were imputed SNP.

Cancer Res. Author manuscript; available in PMC 2020 December 15.


https://imputationserver.sph.umich.edu/
https://imputationserver.sph.umich.edu/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shete et al.

Page 5

We also imputed HLA classical alleles and amino acids by using software SNP2HLA and
the Type | Diabetes Genetics Consortium (TDGC) reference panel of 5,225 individuals of
European descent. We divided the HN GWAS dataset into three subsets (each subset with
around 1,100 samples), and the control samples from SAGE GWAS into two subsets (with
1,200 and 1,113 samples), and performed imputation separately for each subset. The final
panel included 8,926 HLA alleles, of which 8,648 and 7,463 were imputed alleles with an
info score =0.3 and 0.9, respectively. We then performed regional association analyses of
binary markers followed by meta-analysis of imputed binary markers (SNPs, classical alleles
and aminoacids) using PLINK.

Statistical methods and in silico functional annotations

To control for population confounding, for the two discovery datasets and replication
dataset, we performed principal components analysis (PCA) in EIGENSTRAT using
approximately 10,000 common markers in low linkage disequilibrium (LD) (2 < 0.1, MAF
> 0.05). Significant PCs associated with disease status (£ <0.05) were adjusted as covariates
in the further risk association analysis (including PC 1, 2, 5, 6, and 8 in the discovery GWAS
and the top three PCs and the continent source in the replication dataset). As the
distributions of age and sex are significantly different between cases and controls in the two
discovery studies and the OncoArray replication study, we also adjusted them in the risk
analysis. We performed an unconditional logistic regression to estimate odds ratios (ORs)
and 95% confidence intervals (Cls) per effect allele by using PLINK (v2.0, https://www.cog-
genomics.org/plink/2.0/) software with adjustment for the age, sex and top significant PCs.
The association analysis between SNPs on X chromosome and cancer risk was performed by
using the --xchr-model 1 option in PLINK as well as stratified analysis by sex. SNPs with P
< 1073 were chosen to validate in the OncoArray GWAS. SNPs with combined P < 5x1078
were considered to reach the genome-wide significance. We performed both random-effects
and fixed-effects meta-analyses by using the inverse variance-weighted average method to
combine the summary results of the discovery and replication studies. Heterogeneity was
assessed as a Q-test < 0.10 or /2 >50.0%. For SNPs in the identified regions, we performed
clump analysis to remove high LD SNPs with pairwise r-squared >0.1 and then performed
conditional analysis with PLINK 1.9 to identify SNPs with independent effects. For SNPs
remained significant or marginally significant in the conditional analysis, we constructed a
polygenic risk score (PRS) by summing risk alleles weighted by their corresponding effect
sizes in the MDACC study by using the “--score” function in PLINK 1.90. The PRS was
standardized by the mean and standard deviation and then estimated for its association with
SCCHN risk. The odds ratio was reported as per standard deviation of the PRS.

To explore the possible functions of SNPs at the final identified regions, we applied the
online tool HaploReg v4.1 (https://pubs.broadinstitute.org/mammals/haploreg/haploreg.php),
which integrated the Encyclopedia of DNA elements (ENCODE) data, to perform functional
annotation. We also performed in silico expression quantitative trait loci (eQTL) analysis by
using data from multiple sources: the lymphoblastoid cell lines of 358 European individuals
from Genetic European Variation in Health and Disease Consortium (GEUVADIS) and the
1000 Genomes Project (23); eQTL data of multiple tissues from the Genotype-Tissue
Expression (GTEX) project (24); SNP and mRNA expression data in primary tumor tissues

Cancer Res. Author manuscript; available in PMC 2020 December 15.


https://www.cog-genomics.org/plink/2.0/
https://www.cog-genomics.org/plink/2.0/
https://pubs.broadinstitute.org/mammals/haploreg/haploreg.php

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shete et al.

Results

Page 6

from 344 SCCHN patients of European ancestry in The Cancer Genome Atlas (TCGA)
database (dbGaP accession#: phs000178.v1.p1) (25). Manhattan plots was generated in R
using the package ggman; the regional association plots and LD plots were constructed
based on the 1000 Genomes European (EUR) reference data (phase 3, release date October
2014) by using LocusZoom and Haploview v4.2, respectively. SNP pruning was applied,
and SNPs with paired-wise r2 < 0.30 were considered as independent. All other analyses
were conducted with R (version 3.5.1) and SAS (version 9.4; SAS Institute, Cary, NC,
USA), if not mentioned otherwise.

Characteristics of the study populations

Association

The workflow of the present GWAS is depicted in Supplementary Figure 1. The
distributions of age and sex were statistically different between cases and controls (Table 1,
P<0.001), in the discovery dataset, case group included much older males (mean age 57.9
(SD+11.2) for cases and 50.0 (12.3) for controls with 22.8% of males in cancers and 44.9%
in controls). Of the cases, there were 631 (29.1%) patients with oral cavity cancer, 1,144
(52.7%) with oropharyngeal cancer, 394 (28.2%) with hypo-pharyngeal, laryngeal or
overlapping cancer sites, two samples with missing values for histological types.

Similar to the discovery population, case group in the replication study had a higher
proportion of males (74.2%) and older subjects (mean age of 59.7) than control group
(70.9% and mean age of 58.1, respectively) (Table 1). Of the cases, there were 2,568
(49.5%) patients with oral cavity cancer, 2,328 (44.8%) with oropharyngeal cancer, and 295
(5.7%) with hypo-pharyngeal, laryngeal or overlapping cancer sites.

analysis

We performed association analysis for SNPs with imputation quality r2 > 0.3 and minor
allele frequency = 0.01, and quality distributions have been shown in Supplementary Figure
3a—f for those SNPs with MAF = 0.01 from the SCCHN GWAS, and the using controls from
melanoma GWAS and SAGE studies, respectively. The overall results of the discovery
results are presented in Figure 1a. There were 10,714 SNPs (i.e., 10,218 SNPs on autosomes
and 496 SNPs on X chromosome) with < 1.00 x 1073 and 25 SNPs with £<5.00 x 1078 in
the MDACC discovery study. Quantile-quantile (Q-Q) plots of observed and expected P-
values showed a moderate genomic inflation (A) for discovery results (A = 1.035)
(Supplementary Figure 4a). We then replicated the associations of these SNPs in the
OncoArray study and found 94 and 87 SNPs located at three loci (6p22.1, 6p21.33 and
6p21.32) associated with SCCHN risk with 2< 5 x 1078 in the fixed-effects or random-
effects model of the meta-analysis, respectively (Supplementary Table 1). We have also
provided the results of the leading SNPs in each region in Table 2 (in the meta-analysis of
the discovery and replication studies, 2= 2.96 x 1079, 3.75 x 10710, and 1.44 x 10716 for
SNP rs259919 at 6p22.1, rs1265081 at 6p21.33, and rs3135001 at 6p21.32 in random-effects
model, respectively).
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Further stratified analysis by tumor site revealed that there were 23, 75 and one SNPs with P
<5.00 x 1078 in association with risk of oral cavity cancer, oropharyngeal cancer, and hypo-
pharyngeal/laryngeal cancers in the discovery study, respectively (Figure 1b, 1c and 1d). We
then selected SNPs with £< 1.00 x 1073 (i.e., 8,658, 12,454 and 9,062 SNPs in the three
sub-populations of the discovery study, respectively) for replication with the OncoArray
dataset (Supplementary Table 2—-4). We found in the random-effects model of meta-analysis
that two loci associated with oral cavity cancer risk reached genome-wide significance (the
leading SNPS rs10462706 in CLPTMIL at 5p15.33 region and rs1049055 in HLA-DQBI at
6p21.32 with £=7.87 x 10711 (OR = 0.73 and 95% Cl: 0.66-0.80) and £=2.96 x 102 (OR
=0.78 and 95% CI: 0.72-0.85), respectively]. Three loci (2p23.1, 6p21.33 and 6p21.32)
were found to be associated with oropharyngeal cancer risk, with leading SNP rs4318431 (P
=3.13 x 1079, OR = 1.39 and 95% CI: 1.25-1.55) nearby gene GALNT14; SNP rs13211972
in MUC21 (P=1.04 x 10710, OR = 1.55 and 95%Cl: 1.36-1.77); and SNP rs34518860 (P =
2.61 x 10717, OR = 0.61 and 95%Cl: 0.54-0.68) in gene HLA-DQAI, respectively. We also
identified one novel locus (18922.2) associated with the risk of hypo-pharyngeal and
laryngeal cancers (P=2.54 x 1079, OR = 3.95 and 95%ClI: 3.51-6.21 for leading SNP
rs142021700 in gene RTTN) (Supplementary Tables 2 and 4). Quantile-quantile (Q-Q) plots
of the stratified results are shown in Supplementary Figure 4b—4d, and regional association
plots for each identified locus are presented in Figure 2a-2i.

To identify independent SNPs, we also performed clump analysis and revealed four low LD
clumps consisted of the 87 SNPs associated with the overall SCCHN risk. In the following
conditional analysis, we found that each of four SNPs (rs3129726 and rs62404579 at
6p21.32, rs1265081 at 6p21.33, and rs259919 at 6p22.1) remained significant in the
presence of three other SNPs (£ <0.05) (Supplementary Table 5). Similar, we found one
SNP (i.e., SNP rs7713218 at 5915.33) remained significant after conditioning on two lead
SNPs at 5p15.33 and 6p21.32 for oral cavity cancer (Supplementary Table 6); five SNPs in
6p21.33 remained significantly associated with oropharyngeal cancer risk after conditioning
on SNPs at the two reported loci 6p21.32 and 2p23.1; while no SNP was significant with
hypo-pharyngeal and laryngeal cancer risk after conditioning on the leading SNP at 18¢g22.2
(Supplementary Table 7-8). These results suggested that independent signals at three loci
(6p22.1, 6p21.33, and 6p21.32) contribute to the risks of overall cancer and oropharyngeal
cancer.

The two previous GWAs and candidate gene based studies have reported 31 loci (including
33 leading SNPs) associated with the risk of oral, oropharyngeal, pharyngeal and laryngeal
cancers (12,13). We extracted the results from GWAS catalog (https://www.ebi.ac.uk/gwas/
home) and investigated their association in the MDACC GWAS. As a result, we found five
loci could be replicated in the current study (i.e., rs10462706 at locus 5p15.33 and
rs1800628 at 6p21.33 with oral cancer risk, rs2216824 at 2p23.1 and rs1453414 at 11p15.4
with oropharyngeal cancer risk, and rs1229984 at 4923 with hypo-pharyngeal and laryngeal
cancer risk) (Supplementary Table 9).

Since multiple SNPs in the HLA region have been associated with overall cancer risk and
oral/oropharyngeal cancer risk, we then performed a HLA imputation to reveal the exact
HLA alleles associated with cancer risk. For those with an imputation info =0.3, we found
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53 HLA alleles associated with overall cancer risk with £< 0.05, of which three alleles
reached genome-wide significance(HLA-B*37, HLA-B*3701, and HLA-DQB1*06)
(Supplementary Table 10); 28 HLA alleles associated with oral cancer risk, of which two
alleles reached genome-wide significance (HLA-B%*37and HLA-B*3701) ( Supplementary
Table 11); 59 HLA alleles associated with oropharyngeal cancer risk (Supplementary Table
12), of which four alleles (i.e., HLA-B*37, HLA-B*3701, HLA-DQB1*06, and HLA-
DRB1*13) reached genome-wide significant level; and 23 HLA variants associated with
hypo-pharyngeal and laryngeal cancer risk (Supplementary Table 13). As shown in
Supplementary Table 12 and 14, we also replicated the association results of three reported
HLA specific alleles (DRB1*1301, DQA1*0103 and DQB1*0603) and their haplotype with
decreased oropharyngeal cancer risk (P= 6.5x107%, 4.16 x1077, 6.2 x1077, and 1.95x1077,
respectively) (13).

We also constructed PRS by summing the effects of the 12 SNPs remained significant or
marginally significant in the conditional analysis of oropharyngeal cancer (i.e., rs73730372,
rs28366328, rs9469220, rs13211972, rs17207190, rs114202986, rs144112342, rs2194452,
rs41258944, rs114949918, rs3131013 and rs147748716), and analyzed its association with
oropharyngeal cancer risk. As a results (Supplementary Table 15), the PRS showed
significant association (P < 2.00E-16) with oropharyngeal cancer risk with an OR per
standard deviation of the PRS of 1.49 (95% CI: 1.39-1.60) and 1.38 (95% CI: 1.30-1.46) in
the MDACC study and OncoArray study, respectively.

The in silico functional annotation

Functional annotations for the identified representative genetic variants reaching P< 5 x
1078 are summarized in Supplementary Table 16. There were 179 SNPs at 6p21.32 and
6p21.33 with potential effects on the promoter or enhancer activities with a significant eQTL
evidence. We also retrieved the eQTL results of multiple tissues from the Genotype-Tissue
Expression Project (GTEX) for the lead SNPs or LD SNPs significantly correlated with
corresponding mRNA expression levels. For example, the variant allele A of rs259919 at
6p22.1 and the wild allele T of rs1049055 at 6p21.32 were significantly correlated with
increased mRNA expression levels of ZFP57and HLA-DQBI, respectively (Supplementary
Figure 5a and 5c), while the variant allele of rs13211972 at 6p21.33 was found to be
associated with the decreased mRNA expression levels of M/CA in multiple tissues
(Supplementary Figure 5b). The effect of rs10462706 in 5p15.33 on mMRNA expression
levels of CLPTM1L was different by tissues (Supplementary Figure 5d). However, we did
not find any evidence for the effects of rs78082910 in the 2p23.1 region on the expression of
nearby genes (https://www.gtexportal.org/home/snp/rs78082910). We also performed eQTL
analysis in the primary tumor tissues of 344 SCCHN patients from TCGA which were with
both genotyping/imputation data and mRNA expression data available. As one of the lead
SNP rs73730372 was not included in the TCGA data, we used one of its high LD SNP
rs115625939 in the eQTL analysis. Of the five loci, we found that the variant alleles of SNP
rs115625939 (which had high LD with one representative SNP rs73730372 with r2 =0.89) in
6p21.32, and rs27069 (which has high LD with representative SNP rs2447853 with r2 =0.69)
in 5p15.33 were correlated with the upregulated mRNA expression of HLA-DQBI and
CLPTMIL in the tumor tissues of head and neck cancer, respectively (Supplementary Figure
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6a—b: £=0.012 and 0.008, respectively). No significance was found in the eQTL analyzes
for MICA and GALNTI14in TCGA, and the mRNA expression data was unavailable for
ZFP57. \We also found that the identified SNP rs73730372 in 6p21.32 was significantly
correlated with the mRNA expression of HLA-DQBI (Supplementary Figure 6¢: P=
3.67x10710) in the lymphoblastoid cell lines of 358 European individuals from 1000
Genomes project.

We have also performed differential expression analysis for the five genes in the identified
regions (Table 2) by using the mRNA expression data in 520 SCCHN tumor tissues and 44
adjacent normal tissues from TCGA (http://ualcan.path.uab.edu/cgi-bin/ualcan-res.pl). As a
result, we found that the mRNA expression of the five genes were significantly higher in the
primary tumor tissues than in the adjacent normal tissues with £< 0.05 (Supplementary
Figure 7a—e for ZFP57, MICA, HLA-DQB1, CLPTMIL, and GALNT14, respectively).
Eight other genes at the five loci (HLA-DRB1, HLA-DQA1, HLA-DQAZ, PSORSICS3,
HCG27, MICA, HCP5, HLA-DRB5, DPCR1 and MUCZI) also showed significant
difference on mMRNA expression between the tumor tissues and adjacent normal tissues
(http://ualcan.path.uab.edu/cgi-bin/TCGAExResultNew2.pl?genenam=HLA-DRB1,HLA-
DQA1,HLA-DQA2,PSORS1C3,HCG27,MICA,HCP5,HLA-
DRB5,DPCR1,MUC21&ctype=HNSC).

Discussion

In the present GWAS study, we aimed to identify additional genetic loci associated with risk
of SCCHN and its sub-types by using a discovery study, followed by another independent
replication study. In the meta-analysis of all the two GWAS datasets, we identified SNPs at
six genomic regions (i.e., 2p23.1, 5p15.33, 6p21.32, 6p21.33, 6p22.1 and 18g22.2) to be
associated with risk of SCCHN or its sub-types at a GWAS significance level. Four of the
regions are the known SCCHN risk loci (i.e., 2p23.1, 5p15.33, 6p21.32 and 6p21.33), while
two other loci (i.e., 6p22.1 and 18g22.2) are novel findings for SCCHN risk. Functional
annotation revealed that multiple SNPs in these regions were potentially functional, because
they may affect their mMRNA expression. The most prominent finding in the overall and
stratified meta-analyses was a strong association signal at 6p21.32 within the HLA class Il
region. SNPs in this region showed significant associations with risk of SCCHN and all
three sub-types, especially oropharyngeal cancer characterized by HPV-infection in the
etiology.

The HLA system has long been recognized in humans as a very important genomic region
relating to infection, inflammation, autoimmunity and transplantation medicine (26). The
HLA system is categorized into class I, Il and Il regions and consists of more than 200
genes. Genes in the HLA system have multiple biological functions with an emphasis on
immunological functions (27). Specifically, SNP rs9273448/rs1049225 maps to the 3 UTR
of the gene MHC, class 11, DQ beta-1, also called HLA-DQBI1, which belongs to HLA class
Il beta chain paralogs. The protein encoded by this gene is one of two proteins that are
required to form the DQ heterodimer, a cell surface receptor essential to the function of the
immune system. The identified SNPs for all SCCHN, oral and mixed hypo-pharyngeal and
laryngeal cancers are mainly located around HLA-DQB1/DQAI1, while the identified SNPs
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for oropharyngeal cancer are distributed in a wide range, covering multiple HLA genes,
including HLA-B, HCP5, HLA-DRA1, HLA-DRBI1, HLA-DRBI1, HLA-DQAI and HLA-
DQ@AB1. Previous studies have reported significant associations between HLA-DQB1
polymorphisms and the risks of HPV-related oropharyngeal (13), cervical cancers (13,28),
cutaneous melanoma (29), gastric adenocarcinoma (30,31), breast cancer (32), and
nasopharyngeal carcinoma In the present study, we replicated previous report that three
HLA alleles (DRB1*1301, DQA1#*0103and DQB1*0603) as well as their haplotype were
associated with the risks of SCCHN and oropharyngeal cancer (13). In addition, we have
shown that the variant allele of rs73730372 was associated with both higher mRNA
expression levels of HLA-DQBI and lower risk of oropharyngeal cancer, which is consistent
with previous reports that HLA-DQB1 may be involved in the HPV-specific immune
response (33). We also observed similar results by using the TCGA expression data, which
indicated those HLA genes had higher expression in the SCCHN tumor tissues than in
adjacent normal tissues. Further functional studies are warranted to illuminate the
underlying biological mechanisms.

The closest gene at the replicated loci 2p23.1 is GALNT14that encodes a Golgi protein,
which catalyzes the transfer of N-acetyl-D-galactosamine (GalNAc) to large proteins like
mucins (34). Aberrant glycosylation is a hallmark of most human cancers and affects many
cellular properties, including cell proliferation, apoptosis, differentiation, transformation,
migration, invasion, and immune responses (35). GALNT14 has been reported to be
involved in the initial step of mucin-type O-glycosylation and thus plays a critical role in the
invasion and migration of breast cancers by regulating the activity of MMP-2 and expression
of some EMT genes (36). Another study also suggested that GALNT14 might contribute to
ovarian carcinogenesis through aberrant glycosylation of MUC13, whose expression was
dysregulated in many human cancers (37,38). In this study, we also observed that GALNT14
had higher mRNA expression in the SCCHN tumor than in the adjacent normal tissues.
Interestingly, we also found that SNPs in MUC21/MUCZ22 (6p21.33) were associated with
risk of the overall cancer and oropharyngeal cancer. Splicing variants and mutations in
mucin genes have been observed in various cancers and shown to participate in cancer
progression and metastasis (39). The nearby gene MUCZ21 is localized on chromosome 6
(6p21.33) closing to the HLA class | region, which is a membrane-associated mucin
belonging to the mucin family (40). Clinically, mucins are used as carcinoma markers and
therapeutic targets for cancer treatment (40,41). The protein encoded by MUCZ21 has been
shown to be expressed by adenocarcinomas of the lung (40). However, by using the TCGA
data, we observed that MUCZ21 had higher expression in the normal tissues than in the
SCCHN tumor tissues, which implied this gene might play a different role in the
development of SCCHN. Previous association studies of genetic variants have linked the
MUCZ21 gene to non-cancer diseases (e.g., Stevens-Johnson syndrome / toxic epidermal
necrolysis, and pulmonary function) (42,43). However, few studies have investigated the
functions of the MUCZ22 gene. In addition, we revealed that the variant allele of SNP
rs13211972 in the 6p21.33 region was significantly correlated with decreased mRNA
expression levels of M/CA and an increased risk of SCCHN. M/CA encodes a membrane-
bound protein, acting as a ligand of natural killer (NK) group 2D (NKG2D) to trigger NK
cell-mediated cytotoxicity. MICA has an antitumor property as its expression is induced in
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stressed cells, such as transformed tumor cells for the detection by NK cells (44). Several
studies have reported that SNPs in M/CA have been associated with risk of cervical
squamous cell carcinoma (45,46) and HCV induced hepatocellular carcinoma (47). The
association between the M/CA STR polymorphism and risk of oral squamous cell
carcinoma had been investigated in several candidate studies but with conflicting results,
which might be due to small sample size (48-50). Considering the relatively large sample of
the present GWAS, our results provided a strong evidence that individuals with SNPs
associated with lower mRNA expression levels of M/CA might have an increased risk of
SCCHN and oropharyngeal cancer. Genetic variants in this region have also been reported to
be associated with risk of lung cancer and follicular lymphoma, and the susceptibility gene
BAT3was found to be involved in DNA damage-induced apoptosis and to modulate the
acetylation of p53 during autophagy (51-53). In addition, in the HLA allele analysis, we
observed that the HLA-B*37allele was associated with the risks of SCCHN, oral cancer and
oropharyngeal cancer. Further functional validation for those susceptibility genes is
warranted.

We also found that the variant allele of SNP rs259919 in the 6p22.1 region was significantly
correlated with decreased mRNA expression levels of ZFP57in multiple tissues and an
increased risk of SCCHN. ZFP57 is an important transcriptional regulator involved in DNA
methylation and genomic imprinting during development (54). In addition, previous studies
have reported that ZFP57 plays an important role in DNA methylation and epigenetic
regulation and has important potential implications for diseases.

In the present GWAS, we also showed a significant association between the variant allele of
SNP rs2447853 at 5p15.33 and an increased risk of oral cavity cancer, which confirms the
previous finding (13). This locus was also reported to be associated with lung cancer risk,
and the genetic variants in 7TERT_CLPTMIL have been reported to be associated with
DNA-adduct levels in lung (51,55). By using the GTEx data, we found that the variant allele
of rs2447853 was significantly correlated with increased mRNA expression levels of
CLPTMIL in multiple tissues (e.g., small intestine, colon, and esophagus), which provides
some biological evidence for the identified association. However, further functional studies
are warranted.

It should be noted that the rs1229984 (4923, ADH 1B) had been previously reported as a
susceptibility locus for oral cancer and oropharyngeal cancer in several studies. In the
present study, we found this SNP was only associated with risk of hypo-pharyngeal and
laryngeal cancers, but not oral cavity and oropharyngeal cancer. Such discrepancies might
due to population heterogeneity.

In summary, in the present GWAS of SCCHN in non-Hispanic whites, we identified two
novel common loci that might influence SCCHN risk and replicated some loci previously
reported, which highlights the importance of genetic variation of genes (e.g., HLA-DQBI,
HLA-DQAI, and MUCZ2I) in the HLA system in the development of head and neck cancer.
These findings suggest that the immunologic mechanism is implicated in the etiology of
SCCHN, particularly in oropharyngeal cancer. Future replication of these findings in other
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independent populations is warranted with additional functional studies necessary to
establish the biological framework underlying the observed associations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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TL analysis had been performed by using the genotyping data and mRNA expression data in the primary tumor

tissues of 344 SCCHN patients of European ancestry from the Cancer Genome Atlas (TCGA) database (dbGaP
accession#: phs000178.v1.p1). The results published here are in whole or part based upon data generated by The

ncer Genome Atlas managed by the NCI and NHGRI. Information about TCGA can be found at http://

cancergenome.nih.gov.
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Significance:

Two novel risk loci for SCCHN in non-Hispanic white individuals highlight the
importance of immunologic mechanism in the disease etiology.
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line represents A= 5x1078. The y-axis represents the —log10 P-values.
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