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BACKGROUND: African Americans with head and neck squamous cell carcinoma (HNSCC) have a lower survival rate than whites.
This study investigated the functional importance of ancestry-informative single-nucleotide polymorphisms (SNPs) in HNSCC and
also examined the effect of functionally important genetic elements on racial disparities in HNSCC survival. METHODS: Ancestry-in-
formative SNPs, RNA sequencing, methylation, and copy number variation data for 316 oral cavity and laryngeal cancer patients were
analyzed across 178 DNA repair genes. The results of expression gquantitative trait locus (eQTL) analyses were also replicated with a
Gene Expression Omnibus (GEQ) data set. The effects of eQTLs on overall survival (OS) and disease-free survival (DFS) were evaluat-
ed. RESULTS: Five ancestry-related SNPs were identified as cis-eQTLs in the DNA polymerase B (POLB) gene (false discovery rate
[FDR] < 0.01). The homozygous/heterozygous genotypes containing the African allele showed higher POLB expression than the ho-
mozygous white allele genotype (P <.001). A replication study using a GEO data set validated all 5 eQTLs and also showed a statisti-
cally significant difference in POLB expression based on genetic ancestry (P=.002), An association was observed between these
eQTLs and OS (P<.037; FDR < 0.0363) as well as DFS (P =.018 to .0629; FDR <« 0.079) for oral cavity and laryngeal cancer patients
treated with platinum-based chemotherapy and/or radiotherapy. Genotypes containing the African allele were associated with poor
OS/DFS in comparison with homozygous genotypes harboring the white allele. CONCLUSIONS: Analyses show that ancestry-related
alleles could act as eQTLs in HNSCC and support the association of ancestry-related genetic factors with survival disparities in
patients diagnosed with oral cavity and laryngeal cancer. Cancer 2017;123:849-60. © 2016 American Cancer Society.
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INTRODUCTION

African Americans (AFR-AMRs) with head and neck squamous cell carcinoma (HNSCC) have consistently lower survival
rates in comparison with white patients.'** Previous studies have associated socioeconomic status with these survival differ-
ences.” However, recent literature suggests the contribution of genetic differences between populations to survival dispar-
ities in some cancer types.4
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Survival from cancer depends on the success of com-
mon treatment methods such as chemotherapy, radiother-
apy, and surgery. Treatment planning for potentially
curable disease often requires a mulddisciplinary ap-
proach.ﬁ'7 lonizing radiation generates free radicals,
which damage cellular DNA; this results in apopl:t.)sis.8 In
chemotherapy, platinum-based drugs such as cisplatin
and carboplatin are commonly used to treat HNSCC.*'?
These platinum-based drugs bind o DNA and form
DNA adducts,'’ and this leads to cell cycle arrest and
cytomxiciry.12 In response to DNA lesions caused by che-
motherapy and/or radiotherapy, the cellular DNA dam-
age response system repairs DNA aberrations and can
reduce treatment sensitivity in cancer patients.li”’14 Thus,
DNA repair genes play a key role in the treatment out-
comes for many cancers, including HNSCC.

Higher level expression of DNA repair genes have
been observed in many cancer types,''® and increased
expression levels of DNA repair genes are associated with
reduced sensitivity to chemotherapy and radiation thera-
py.”’18 The increased expression of DNA repair genes in
some cancers arises from multiple factors, including sig-
naling within the tumor or from the tumor microenviron-
ment, which leads to epigenetic upregulation, and/or de
novo somatic mutations. Some evidence suggests that
host genomic factors such as germline variants in DNA re-
pair—associated genes may be associated with individual
differences in responses. Previous studies have shown that
germline variants can act as expression quantitative trait
loci (eQTLs) and affect the expression of genes in can-
cer.'? Such germline variants may be preferentially found
in certain populations. Indeed, a number of studies have
investigated the effect of population-specific genetic var-
iants on gene expression in normal, non-cancer samples
from various human populations and identified differen-
tial gene expression levels regulated by ancestry-related
alleles.?®

AFR-AMR and white HNSCC patients possess dis-
tinct genetic ancestries. Qur recent genomic analysis of la-
ryngeal cancer in AFR-AMR and white patients revealed
that distinctive genetic ancestry corresponds to molecular
differences in the laryngeal cancers arising in these 2 pop-
ulations.”’ To date, the functional role of population-
specific genomics variants in HNSCC survival is un-
known. In this study, the functional role of ancestry-
related genomic factors in the expression of DNA damage
response genes and the effect of ancestry-informative sin-
gle-nucleotide polymorphisms (SNPs) on racial dispar-
ities in HNSCC survival were investigated with an
integrative genomics approach. We tested the hypothesis
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that ancestry-related genomic elements are associated with
HNSCC survival disparities between AFR-AMR and
white populations because of altered gene expression in
DNA damage response genes, which affects the sensitivity
to chemotherapy and/or radiotherapy. This work, focus-
ing on oral cavity and laryngeal cancer, is the first study to
investigate the functional importance of ancestry-
informative SNPs in HNSCC and to examine the effect
of functionally important genetic elements on racial dis-
parities in HNSCC survival.

MATERIALS AND METHODS

Data Source

The genotype data for 4802 genome-wide ancestry-infor-
mative SNPs for 316 oral cavity and laryngeal cancer
patients (30 AFR-AMRs and 286 whites) were retrieved
from The Cancer Genome Atlas (TCGA) for eQTL anal-
yses. Detailed methodologies explaining how the 4802
ancestry-informative SNPs were retrieved from TCGA
are provided in the online supporting information. The
raw genome-wide methylation data for approximately
485,000 CpG sites, based on the Infinium HumanMe-
thylation450 BeadChip Kit (Illumina, Inc), were retrieved
for the tumors of the 316 HNSCC patients from TCGA.
The M values (methylation signals) were calculated for
each CpG site with the Bioconductor minfi package.”
The somatic copy number variaton (CNV) data and
RNA sequencing—based gene expression data (normalized
RSEM values) for the tumors of the 316 HNSCC patients
in TCGA were also obtained from the Broad Institute.”
A gene was included in the analyses only when 50% or
more of the patients had expression values for that gene.

eQ@TL Analyses

The effect of each ancestry-informative SNP on the ex-
pression of nearby genes (*1 Mb from the SNP) was ana-
lyzed to find potential ancestry-related eQTL candidates.
A multivariable regression model was used to identify
eQTLs (equation 1). A negative binomial regression
model, based on the empirical mean-variance relation for
gene expression, was used:

Fxp,=GT,+CNV,+M, +Pop, +¢, (1)

where Exp, is the expression of gene a, GT, is the geno-
type of the single-nucleotide polymorphism under study,
CNV, is the somatic copy number variation of gene a, M,
indicates the methylation levels of CpG sites associated
with gene a, Pop, indicates the top 3 principal component
values to adjust for population stratification, and ¢, is the
residual error.
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The regression analyses were performed with the
MASS package in R (version 3.0.2). All tests were 2-sided,
and P values were corrected for multiple tests according to
the Benjamini-Hochberg method (false discovery rate
[FDR]). Potential ancestry-informative SNPs affecting
the expression of DNA repair genes with an FDR < 0.01
were retrieved. A list of 178 DNA repair genes (updated
on April 15, 2014) was obtained from the online resource
of The University of Texas MD Anderson Cancer Cen-
ter’* for our study. This comprehensive set of DNA repair
genes has been used widely in several recent publica-
tions.>>*® We also tested the effects of eQTLs (found in
the pooled data set [30 AFR-AMRs and 286 whites]) on
the expression of DNA repair genes with the regression
model (equation 1) using the data set for white patients

(n = 2806).

Other Statistical Analyses

Age distribution differences between AFR-AMR and
white patients were studied with the Mann-Whitney-
Wilcoxon test. Differences in the proportions of current
smokers, ex-smokers, and never smokers, and each patho-
logical stage between AFR-AMR and white patients were
assessed with a test of proportions. Gene expression levels
of AFR-AMR and white patients were compared with the
Mann-Whitney-Wilcoxon test. The genotype data were
retrieved for each eQTL on the basis of ancestry, and the
allele frequencies of each eQTL were calculated. Also, the
allele frequencies of each eQTL were retrieved for ASW
(African ancestry in the Southwest United States) and
CEU (Utah residents with Northern and Western Euro-
pean ancestry) populations from 1000 Genomes Project
(1000G) data, and the proportions of allele frequencies
were compared between TCGA and 1000G samples
(ASW vs TCGA AFR-AMRs and CEU vs TCGA whites)
with a test of proportions. All tests were 2-sided, and P
values < .05 were considered to be statistically significant.

Replication of eQTL Analyses

The TCGA eQTL analyses were replicated with a Gene
Expression Omnibus (GEO) data set (GSE39368) gener-
ated by Walter et al.”” This data set contains genome-
wide SNP and CNV data for 99 HNSCC patients and
gene expression data for 138 HNSCC patients. The SNP,
CNV, and gene expression data sets were combined into a
single data set with missing values coded as Not Available
(NA). Data were extracted if a patient’s ancestry was either
AFR-AMR or white and the anatomical site represented
the oral cavity or larynx. After these filters, data for 96
HNSCC patients (73 whites and 23 AFR-AMRs) were re-
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trieved for further analyses. In this data set, the expression
of each gene was measured with multiple probes, and the
mean of multiple probes of each gene was taken as the ex-
pression measure of that gene. The effect of each SNP
identified as an eQTL in the TCGA data set on gene ex-
pression was tested with the linear regression model after

adjustments for CNV.

Linkage Disequilibrium (LD) Analyses

Genomic dara for all the eQTLs and SNPs within a dis-
tance of £50kb from each eQTL were retrieved for the
ASW population from the 1000G database, and LDs be-
tween each eQTL and its nearby SNPs were analyzed with
VCFrools.?® SNPs in strong LD (scaled linkage disequi-
librium estimate [2Y] > 0.8) with eQTLs were identified
for further analyses. The LD heat map was generated with
Haploview software.””

Encyclopedia of DNA Elements (ENCODE)
Functional Analyses
The genome-wide deoxyribonuclease (DNase) I sensi-
tivity assay data and transcription factor binding sites
were retrieved from ENCODE.* Each eQTL and LD
SNP was intersected with the ENCODE database with
custom Perl and Shell scripts. The eQQTL/LD SNP was
thought to be functionally important if the cQTL/SNP
was found in the regulatory region of a gene, and DNase |
sensitivity and/or transcription factor binding site. The
genomic position of functionally important eQTL/SNPs
was visualized with the University of California Santa
Cruz genome browser.”'
Survival Analyses Based on eQTLs
The effect of eQTLs on overall survival (OS) and disease-
free survival (DFS) for HNSCC patients with a history of
platinum-based chemotherapy and/or radiation therapy
was investigated. First, Kaplan-Meier plots were generated
for each eQTL to visualize the effect of eQTL genotypes
with Stata (version 14.01). Second, hazard ratios (HRs)
for the risk of death (OS) according to the eQTL genotype
were calculated with Cox proportional hazards regression
models after adjustments for age and pathological stage
with the survival package in R, and a goodness-of-fit test
using Schoenfeld residuals was performed to test the ap-
propriateness of the Cox proportional hazards model.”
All tests were 2-sided, and a P-value threshold of .05 was
used to determine statistical significance. The P values
were corrected for multiple tests with the Benjamini-
Hochberg method.

To validate the survival analyses results, existing

germline DNA and clinical data for 20 additional oral
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cavity or laryngeal cancer patients of African (AFR) ances-
try who had platinum-based chemotherapy and/or radia-
tion therapy were obtained.” Germline DNA for all 20
patients was genotyped for 1 of the eQTLs (rs2272733)
with a TagMan real-time polymerase chain reaction assay
(Life Technologies/Thermo Fisher Scientific, Waltham,
Mass). The genotype and clinical data for these 20
patients were combined with the data for 157 patients
from TCGA to generate an enriched data set (data set 2)
containing 177 HNSCC patients (36 AFR-AMR patients
and 141 white patients) with a history of platinum-based
chemotherapy and/or radiation therapy for survival analy-
ses. All the human subject investigations were approved
by institutional review boards of the Fox Chase Cancer
Center.

Estimation of Admixture Proportions

and Survival Analyses

Autosomal ancestry-informative marker data for TCGA
patients along with YRI (Yoruba African), CEU, JPT
(Japanese Tokyo), and CHB (Han Chinese) individuals
from 1000G were retrieved. The genetic admixture pro-
portions for each individual, including AFR-AMR and
white patients from TCGA, were estimated with a model-
based clustering approach implemented in STRUC-
TURE (version 2.3.4).> In STRUCTURE, the data were
analyzed with different K values (genetic clusters) ranging
from 3 to 10 under the admixture model. For each K'val-
ue, 10 runs were performed with 10,000 burn-in and an
additional 20,000 replicates. The best K value was esti-
mated with the method of Evanno et al®® as implemented
in the STRUCTURE HARVESTER pmgram.j6 The
output of STRUCTURE based on the best K value was
analyzed with CLUMPP.?” The AFR-admixed fraction of
each HNSCC patient (n = 157) with platinum-based
chemotherapy and/or radiotherapy history was obtained
from the CLUMPP output and used for survival analyses.
The effects of the AFR-admixed proportion on OS and
DFS were analyzed with Cox proportional hazards regres-
sion models from the survival package in R after adjust-
ments for age and pathological stage. Goodness-of-fit tests
using Schoenfeld residuals were performed to evaluate the
appropriateness of the Cox proportional hazards model.
All tests were 2-sided, and a P-value threshold of .05 was
used to determine statistical significance.

RESULTS

TCGA Sample Characteristics
Summary statistics for the 316 HNSCC patients included
in this analysis are provided in Table 1. The differences in
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TABLE 1. Characteristics of Patients With Head and
Neck Sguamous Cell Carcinoma From The Cancer
Genome Atlas

African
All Americans Whites

Characteristics (h=2316) (n=30) (nh = 286)
Age, ¥ 61.56 =115 58+7.74 61.94=118
Sex, No. (%)

Male 226 24 (80.0) 202 (70.6)

Female 90 6 (20.0) 84 (29.4)
Tumor site, No. (%)

Hypopharynx 5 1(3.3) 4(1.4)

Larynx 81 11 (36.7) 70 (24.5)

Oral cavity® 230 18 (60.0) 212 (74.1)
Smoking status, No. (%)

Current smoker 115 16 (53.3) 9 (34.6)

Ex-smoker 128 9 (30.0) 119 (41.8)

Never smoker 64 2 (6.7) 62 (21.7)

Unknown 9 3(10.0 6 (2.1)
Pathological stage, No. (%)

I 15 1(3.3) 14 (4.9)

Il 47 1(3.3) 46 (16.1)

i 49 3(10.0) 46 (16.1)

v 177 22 (73.3) 155 (54.2)

Unknown 28 3 (10.0) 25 (8.7)

#The oral cavity includes the alveolar ridge, buccal mucosa, floor of the
mouth, and oral tongue.

age, smoking status, and pathological stage between AFR-
AMR and white patients were not significant.

Effect of Ancestry-Informative SNPs
on the Expression of DNA Repair Genes
(eQTL Analysis)

The focus of this study was an analysis of the effect of
ancestry-informative SNPs on an annotated set of 178
DNA repair genes. Our results showed that the expression
of 1 DNA repair gene, DNA polymerase f (POLB), was
significantly affected by nearby ancestry-informarive
SNPs with an FDR <0.01. Among 4802 ancestry-
informative SNPs, 5 SNPs (152272733, rs3136790,
rs6474387, 152272732, and rs10096210) were found to
be eQTLs affecting the expression of POLB (FDR <
0.01). Each of the 5 SNPs was also observed to be an
eQTL when the data set was limited to whites only. The P
values for the 5 SNPs based on pooled (AFR-AMR and
white) and white data sets are reported in Supporting
Table 1 (see online supporting information). As an illus-
tration, the effects of 152272732 on POLB are shown in
Figure 1 (TCGA panel). The effects of the other 4 SNPs
on POLB were similar to the effects of 152272732 (Sup-
porting Fig. 1 [see online supporting information]). In
this article, we use the terms AFR allele and white allele to
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Figure 1. Results of TCGA and GEOQO data analyses: (A) genotype frequencies of rs2272732 for AA and EA patients, (B) effect of
rs2272732 on DNA polymerase B gene expression, and (C) DNA polymerase B gene expression for AA and EA patients. AA indi-
cates African American; EA, white; GEO, Gene Expression Omnibus; TCGA, The Cancer Genome Atlas.

denote the major alleles specific to AFR-AMR and white
populations, respectively. Homozygous genotypes con-
taining the AFR allele were associated with higher levels of
POLB, whereas homozygous white-allele genotypes had
decreased POLB expression. Heterozygous genotypes con-
taining an AFR allele and a white allele were associated
with moderately higher levels of POLB expression
(TCGA panel in Fig. 1B). A comparison of POLB mes-
senger RNA expression data showed higher level expres-
sion of POLB in AFR-AMR patients (quartile 1 [Q1],
355.2; median, 508.3; quartile 3 [Q3], 693.7) versus
white patients (Q1, 236.1; median, 323.2; Q3, 451.2).
There was a statistically significant difference in POLB
expression between AFR-AMR and white patients
(P <.001; TCGA panel in Fig. 1C).
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Replication of eQTL Analyses

The results of eQTL analyses based on TCGA data were
replicated with a GEO data set and were consistent with
the results observed from the TCGA data analyses. The
regression analyses identified all 5 SNPs as eQTLs affect-
ing the expression of the POLB gene (P<.007). The
effects of rs2272732 on POLB expression in the GEO
data set are shown in Figure 1 (GEO panel). As with the
TCGA data, homozygous AFR-allele genotypes of all 5
SNPs were associated with higher expression levels of
POLB in comparison with the homozygous white-allele
genotype from the GEO data set. Also, the heterozygous
genotypes had moderately higher levels of POLB expres-
sion than the homozygous genotypes of the white allele.
An evaluation of GEO data confirmed that AFR-AMR
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rs2272733

Nrs2272732

rs3136717*

rs3136790
rs10096210
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Figure 2. LD analyses show that all 5 eQTLs are in strong LD. In addition, another ancestry-informative single-nucleotide poly-
morphism, rs3136717, is in strong LD with all 5 eQTLs. D' indicates scaled linkage disequilibrium estimate; eQTL, expression quan-

titative trait locus; LD, linkage disequilibrium.

patients had a higher level of POLB expression (Q1, —
0.10; median, 0.07; 33, 0.35) than white patients (QQ1, —
0.61; median, —0.26; Q3, 0.09), and there was a signifi-
cant difference in POLB expression levels between the 2
populations (P = .002).

LD and ENCODE Analyses

The results of the LD analyses are shown in Figure 2.
Each of the 5 eQTLs was in strong LD (Y > 0.9) with
the others. In addition, another ancestry-informative
SNP, rs3136717, had a strong association with all 5
eQTLs (D' > 0.8). The functional importance of the 5
eQTLs and rs3136717 was investigated with the EN-
CODE data. None of the 5 eQTLs were found to be in
the POLB gene region with strong DNase I sensitivity/TF
binding signals. However, the associated ancestry-
informative SNP, rs3136717, was located in the regulato-
ry region of POLB and in the DNase I sensitivity region of
POLB in all 125 cell lines assayed in the ENCODE pro-
ject. In addition, rs3136717 is located in the binding site
of several transcription factors, specifically polymerase
(RNA) II subunit A (POLR2A). The genomic position
and associated ENCODE annotations for rs3136717 are
shown in Figure 3.
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Allele Frequencies of eQTLs Between
TCGA and 1000G Data

The allele frequencies of the 5 eQQTLs for AFR-AMR and
white patients in TCGA were estimated and compared
with the allele frequencies of their respective populations
(ASW for AFR-AMR patients [Figure 4A] and CEU for
white patients [Figure 4B]) from the 1000G data. The al-
lele frequencies from the TCGA and 1000G data sets
were not significantly different.

Survival Analyses Based on eQTLs

The effect of each eQTL on the OS of HNSCC patients
who were treated with platinum-based chemotherapy
and/or radiotherapy (n = 157; 16 AFR-AMRs and 141
whites) was examined. All 5 eQTLs were found to be sig-
nificantly associated with OS (log-rank test P < .037;
FDR < 0.0363). The Kaplan-Meier plot for a representa-
tive eQTL, rs2272733, is shown in Figure 5A. The
Kaplan-Meier plots for the other 4 eQTLs are shown in
Supporting Figure 2 (see online supporting information).
The DFS analyses found that 152272732 and 152272733
were significantly associated with DES (P < .05), whereas
153136790 and rs10096210 were associated with DFS
with moderate significance (P =.0544 to .0629). The
Kaplan-Meier plots of DFS for each of the 5 eQTLs are

Cancer  March1, 2017

25U SUOWITO.) Aaneal) ajqeatidde a Aq pataso U SI[INLE V() TASN Jo Sa[NI 103 AIRIQIT AUIUQ KL UO (SUOTIPUOI-PUB-SULIA W K3 L IeIqi[auluo; sdny) suonipuos) pue suua, a1 23§ “[£z0z/50/0z] wo Areiqi aunue K31 A 2dnoppensy H Aq LSHOE10UYZ001 01/10p/ w0 fafim Areiquamuoss[ewmolsoe,/ sduy woy papeojumod S *L10T ‘THI0L601



Ancestry and Survival Disparity in HNSCC/Ramakodi et al

Scale 1 b 319
I 000l 42194501 a2 1 421 | 42, 1 421985001 421970001 42,197,501
e ! UL RS BRI LSRR ) e
8 L cundRLENINEE NS
e Al — 0 PR B8 4B IS X SR
RaiSaq Ganas — L
SNP3 in Publicalions
1 arlicias. I
1 arlcles
WM%MMMWME?M a:‘ﬂm:v:mnh
Human mANAs H- +H men o = | +
Human ESTs Thal Hava Bean Sp
Solioad ESTs —-m’e
100 _ HIK27Ac Mark [Ollan Found Naar Ackva Regulaslary Elamanis) an 7 call ines lrom

Layoarad HBK2TAC

0 |- :
D Clestars: DMasal Hvoarsansibvily
Tanscriplion Facihr Chlmm:) |Um§ wilh Facrbook Mallls
ATF2 FOXA1

GM12878 TFES Unioim Paaks of PolR2-4H8 bam ENGLL

SAPZD

Alpha/Anahas

H1-hESC TFES Unilrm Paaks ol CTCF iram ENCODE/UT-AAnaksis
RO ——

488 100 variabrala: Bamawise Conservalion P
100 Verl Cons
ot o4 P R FRIDY PV Qe " "] 'h 1 ‘__._. PO RSN

45

S | | T

Mousa
R
“Zabraksh
Lampray
.;7;?%1' Nuclaatda Paly o I o el "c:'i\%'rc:‘ﬁ'm" 153167181
13748029 “1460”52' 23136716

e e e—

pnal.wu by RapealMaskai — '

Figure 3. Genomic position of rs3136717 based on ENCODE data. The single-nucleotide polymorphism rs3136717 (shaded in cyan)
is located in a known regulatory region, a deoxyribonuclease | sensitivity region, and intersects several transcription factor bind-
ing sites of the POLB gene. ENCODE indicates Encyclopedia of DNA Elements; POLB, DNA polymerase B.

shown in Supporting Figure 3 (see online supporting in-
formation). The OS HRs for each genotype of the 5
eQTLs were calculated with the Cox proportional hazards
model after adjustments for age and pathological stage
(Table 2). The goodness-of-fit test confirmed the appro-
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priateness of the Cox proportional hazards model for OS
analyses. For 4 of the 5 eQQTLs, patients with the homozy-
gous genotype of the white allele had a significantly lower
risk of death (7<.0003; FDR < 0.0008) than patients
with the homozygous AFR allele. Also, patients with the
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Figure 4. Allele frequency differences between TCGA and
1000G populations: (A) allele frequency differences between
TCGA African American patients and the 1000G ASW popu-
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set. 1000G indicates 1000 Genomes Project; ASW, African an-
cestry in the Southwest United States; CEU, Utah residents
with Northern and Western European ancestry; TCGA, The
Cancer Genome Atlas.
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heterozygous genotypes for rs2272733 and 153136790
were found to have a significantly lower risk of death
(P < .002; FDR < 0.0016) than patients who had homo-
zygous genotypes consisting of the AFR-AMR major al-
lele. The HR for the genotypes of rs6474387 was not
found to be significant.

We also evaluated the effect of the 5 eQTLs on the
OS and DES of patients not treated with cisplatin/carbo-
platin/radiotherapy. None of the eQTL genotypes were
found to be significantly associated with OS (P> .6) or
DFS (P> .8).

Validation of eQTL-Based Survival Analyses

The survival analysis results from data set 2 for SNP
52272733 were consistent with the results for 152272733
from the TCGA data set. The Kaplan-Meier plot and sur-
vival rates are shown in Figure 5B. The homozygous geno-
type of the AFR allele (AA) was associated with lower OS
in comparison with the other 2 genotypes (AG and GG;
log-rank test P=.056). The Cox proportional hazards
model, after adjustments for age, clinical stage, and co-
hort, revealed that patients with heterozygous genotype
AG had a significantly lower risk of death than patients
with homozygous AFR allele genotype AA (HR for AA vs
AG, 0.26; 95% confidence interval [CI], 0.08-0.84;
P=.024). Also, patients with the homozygous genotype

o
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Figure 5. Kaplan-Meier plots of overall survival for head and neck squamous cell carcinoma patients treated with platinum-based
chemotherapy and/or radiation therapy according to the rs2272733 genotypes: (A) TCGA data (n=157) and (B) enriched data

set (data set 2 [n=177]). TCGA, The Cancer Genome Atlas.
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TABLE 2. Hazard Ratios for 5 eQTLs Based on Overall Survival After Adjustments for the Age and Clinical

Pathological Stage

95% Confidence

Major Allele Interval
eQTL African American White Genotype Hazard Ratio Lower Upper FDR
rs2272733 AA 1.00 (reference) - - -
A G AG 0.079 0.016 0.380 0.0033
GG 0.075 0.018 0.310 0.0008
rs3136790 GG 1.00 (reference) — — —
G T GT 0.048 0.008 0.281 0.0016
T 0.064 0.015 0.274 0.0008
rs6474387 cC 1.00 (reference) - - -
T o] TC 1.869 0.695 5.026 0.27
T 4.693 0.560 39.354 0.22
rs2272732 cC 1.00 (reference) - - -
T c TC 0.670 0.200 2.260 0.53
T 13.500 3.260 55.876 0.0008
rs10096210 cCc 1.00 (reference) - — —
T c TC 0.679 0.202 2.284 0.53
T 13.478 3.258 585.755 0.0008

Abbreviations: eQTL, expression quantitative trait locus; FDR, false discovery rate.

containing the white allele (GG) had a significantly lower
risk of death than patients with the homozygous AFR-
AMR genotype (AA; HR for AA vs GG, 0.15; 95% CI,
0.04-0.48; = .0012).

Survival Analyses Based on Genetic Proportions
The main objective of this article was to understand the ef-
fect of AFR ancestry on survival disparities in HNSCC.
Thus, we analyzed the effect of AFR admixture on survival
in HNSCC patients with a history of platinum-based che-
motherapy and/or radiotherapy. The HRs for OS and
DES were 8.99 (95% CI, 1.53-52.95; = .015) and 7.12
(95% CI, 1.46-34.77; P=.015), respectively. The
goodness-of-fit test confirmed the appropriateness of the
Cox proportional hazards model for OS and DEFS

analyses.

DISCUSSION

Ancestry-Informative SNPs Act as eQTLs

Our suingent criteria (FDR<0.01) found 5 ancestry-
informative SNPs to be eQTLs affecting POLB expres-
sion. This is the first study to demonstrate the impact of
ancestry-informative SNPs on the expression of a gene in-
volved in head and neck cancer tissues with a subsequent
effect on survival disparities. The expression level of
POLB significanty differed between AFR-AMR and
white patients (P < .001), with AFR-AMR patients pos-
sessing higher levels of POLB expression in their tumors
than white patients because of ancestry-related eQTLs. In
general, major factors that could alter gene expression are
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SNPs (eQQTLs), CNVs, somatic point mutations, methyl-
ation, and population differences. In our analyses, we in-
cluded CNV, methylation, and the top 3 principal
components in our regression model. Therefore, the
effects of CNV, methylation, and population structure on
POLB expression were adjusted, and this suggests an inde-
pendent association of SNPs with gene expression. In ad-
dition, our candidate SNPs were also found to be eQTLs
when they were tested exclusively with a white patient
dara set. We also checked somatic point murtations in our
TCGA cohort based on exome data and did not find any
somatic point mutations in the POLB gene.

The allele frequencies of the 5 eQQTLs for AFR-
AMR patients and the 1000G ASW population and for
white patients and the 1000G CEU population were not
significantly different (Fig. 2; 2> .6). Thus, we expect to
observe the same effect for these eQQTLs that we found in
TCGA patients in any AFR-AMR and white populations.
However, the effects of eQTLs in AFR-AMR and white
controls (non-cancer samples) remain to be determined.
Figure 4 reveals that candidate eQTL allele frequencies
were different berween AFR-AMR and white individuals,
regardless of which data set (TCGA or 1000G) was used.
In addition, for all 5 eQTLs, each specific allele was
enriched in AFR-AMR patients versus white patients.

We also validated the results of the TCGA data set
by replicating the eQTL analyses with a GEQO data set. If
the results obtained from the TCGA data set occurred by
chance or were due to some unknown factors associated
with TCGA samples, we would expect to see different
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results with the GEQ data set. Indeed, the results for the 5
ancestry-informative SNPs based on the GEO dara set
were consistent with the results of TCGA data analyses.
Each of the 5 eQTLs observed in the TCGA data were
identified as eQTLs and affected POLB expression in the
GEO data set (Fig. 1). Thus, we provide evidence that
ancestry-informative SNPs could act as eQTLs and alter
the expression of genes in HNSCC. Although these results
were observed on the basis of RNA expression, further
study is required to confirm the effect of eQTLs on pro-
tein expression.

Increased levels of POLB expression have been
shown to be associated with l:umorigf:nﬁsis.38"”9 In addi-
tion, an increased level of POLB expression has been ob-
served in many cancer types,”’ and this suggests that a
higher level of POLB expression could be associated with
the risk of HNSCC. Compared with other groups, AFR-
AMR:s have a higher incidence of HNSCC, particularly in
the larynx. These observations support the association be-
tween HNSCC incidence disparities and ancestry-
informative SNPs. However, further studies are needed to
confirm this association.

Identification of Potentially Functionally
Important eQTLs

All 5 eQTLs are located within or near (= IMb) the
POLB gene region, and all 5 eQTLs are in strong LD. In
addition, we have identified another ancestry-informartive
SNP, rs3136717, for which data are not available in
TCGA and GEQO data sets, in strong LD with the 5
eQTLs. It is expected that rs3136717 will be associated
with levels of POLB expression similar to those observed
with the other 5 eQTLs. Unfortunately, we could not test
the effect of 13136717 on POLB because of the unavail-
ability of genotype data for rs3136717 in TCGA. Our
analyses have shown that rs3136717 is found at the 5" end
of the POLB gene and in the DNase I sensitivity region in
all 125 surveyed cell lines. In addition, rs3136717 is locat-
ed in the region where the transcription factor POLR2A
binds to the POLB gene (Fig. 4). Thus, rs3136717 is like-
ly in an active regulatory region of the POLB gene.
POLR2A is the major subunit of RNA polymerase 1I,
which is required for RNA transcription. Because
153136717 is in an active regulatory region and on the
POLR2A binding site, we speculate that alternative alleles
of 153136717 could affect the binding affinity of
POLR2A or other transcription factors to alter POLB
gene expression. It is interesting to note that Figueroa el
al*! have already identified rs3136717 as being associated
with the risk of bladder cancer in a case-control study.
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Thus, rs3136717 could be functionally important and
could be associated with the risk of many cancers, includ-
ing HNSCC. The role of 1s3136717 in POLB expression
in HNSCC needs to be further evaluated experimentally.

Effect of Ancestry-Related Genomic

Variants on the Treatment Outcome

Higher levels of POLB expression decrease the sensitivity
of platinum-based chemotherapy and/or radiotherapy
and thus may be associated with poor survival.*>* There-
fore, the 5 eQTLs shown to modulate POLB expression
are expected to affect the outcomes of patients treated
with platinum-based chemotherapy and/or radiation ther-
apy. Among patients treated with platinum-based drugs
and/or radiotherapy, the genotypes of eQTLs containing
the AFR allele (homozygous/heterozygous) were associat-
ed with poor OS and DFS in comparison with the homo-
zygous genotypes containing the white allele. Even after
adjustments for age and pathological stage, statistically
significant associations persisted. However, the results of
OS analyses were slightly different among eQTLs (Table
2), even though these eQQTLs were in strong LD. In addi-
tion, the effect of these €QTLs on DES differed among
eQTLs. This is not surprising because it is known that in-
dependent cis-eQTLs in LD can have different functional
effects.* We also studied the effect of eQTLs among
patients who were not treated with cisplatin/carboplatin/
radiotherapy, and the results did not show any significant
effect of eQTLs on the OS (P> .6) or DFS of these
patients (P> .8). These findings provide evidence show-
ing that the associations of these 5 eQTLs with OS/DFES
were limited to patients with a cisplatin/carboplatin/ra-
diotherapy treatment history and support the important
role that POLB expression plays in treatment response.

We validated our survival analyses by analyzing 1 of
the 5 eQTLs, 52272733, in 141 white HNSCC patients
and 36 HNSCC patients of AFR ancestry with a history
of platinum-based chemotherapy and/or radiation thera-
py (data set 2). The results of TCGA and data set 2 for
152272733 were consistent. The genotype containing
at least 1 AFR allele (A) was associated with poorer OS
in comparison with the homozygous white-allele (G)
genotype.

To further test the idea that an AFR genetic ancestry
is indeed related to survival disparities, we assayed the ef-
fect of AFR-admixed proportions on OS and DFS. The
HRs for OS and DFS were >1.0, and this indicates that a
higher AFR admixture is associated with poorer OS and
DEFS in HNSCC patients with a platinum-based chemo-
therapy and/or radiotherapy history. These results are
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statistically significant; however, it is worth noting the
wide Cls, which are partly due to the limited amount of
data available for these endpoints. Moreover, a similar
analysis using data from the entire cohort of subjects in
this study showed similar tendencies and indicated poorer
OS and DEFS in patients with increasing AFR genetic ad-
mixture (data not shown). Thus, our study reveals a clear
association between AFR ancestry—related genetic factors
and poor treatment outcomes in AFR-AMR patients with
HNSCC who were treated with platinum-based chemo-
therapy and/or radiotherapy. The validation of our find-
ings in a larger independent cohort of subjects would help
to further strengthen and establish their significance.

A limitation of this study is that socioeconomic sta-
tus and environmental factors were not included in the
analyses because such data were not available. However,
we cannot ignore the effects of environmental factors and
socioeconomic status on survival disparities. Thus, this
study needs to be extended further to analyze the interac-
tions between genetics and environmental factors/socio-
economic status with respect to survival disparities.
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