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Original Article

Analysis of human leukocyte antigen associations in human 
papillomavirus–positive and –negative head and neck cancer: 

Comparison with cervical cancer
Chameera Ekanayake Weeramange, BSc 1,2,3,4,5; Danhua Shu, MBBS, MM2,4,6; Kai Dun Tang, PhD1,4;   

Jyotsna Batra, PhD 2,4; Rahul Ladwa, MBChB7,8; Lizbeth Kenny, MBBS8,9; Sarju Vasani, MB BChir, MA8,10;   

Ian H. Frazer, MD4,8; Riccardo Dolcetti, MD8,11,12,13; Jonathan J. Ellis, PhD2,4,6; Richard A. Sturm, PhD14; Paul Leo, PhD2,4,6; and 

Chamindie Punyadeera, PhD 1,2,3,4

BACKGROUND: Although the majority of human papillomavirus (HPV) infections are cleared by the immune system, a small percentage of 

them progress to develop HPV-driven cancers. Cervical cancer studies highlight that HPV persistence and cancer risk are associated with 

genetic factors, especially at the human leukocyte antigen (HLA) genes. This study was conducted to investigate such associations in head 

and neck cancer (HNC). METHODS: In all, 192 patients with HNC and 384 controls were genotyped with the Infinium Global Screening Array 

(Illumina, Inc). HLA variants were imputed with SNP2HLA, and an association analysis was performed by logistic regression. RESULTS: 

HPV-positive HNCs were significantly associated with single-nucleotide polymorphisms (SNPs) at DRB1_32660090 (P = 1.728 × 10–6) and

DRB1_32660116 (P = 1.728 × 10–6) and with the amino acid variant DRB1_11_32660115 (P = 1.728 × 10–6). None of these associations were ob-

served in the HPV-negative cohort, and this suggested their specificity to convey risk for HPV-associated HNCs. In general, associations ob-

served for HPV-negative HNC were relatively weak, and variants in the HLA-DPA1 region were the strongest among them (P = 4.531 × 10–4).

Several lead signals reported by previous HNC genome-wide association studies, including SNPs rs3135001 (P = .012), rs1049055 (P = .012),

and rs34518860 (P = .029) and allele HLA-DQB1*06 (P = .009), were replicated in the current study. However, these associations were lim-

ited to the HPV-positive HNC group. Several cervical cancer–associated HLA variants, including SNPs rs9272143 (P = .002) and rs9271858 (P

= .002) and alleles HLA-B-1501 (P = .009) and HLA-B-15 (P = .015), were also exclusively associated with HPV-positive HNC. CONCLUSIONS:

HPV-positive HNC risk is associated with distinct HLA variants, and some of them are shared by both cervical cancer and HPV-positive HNC. 

Human papillomavirus (HPV)–positive head and neck cancer (HNC) risk is associated with distinct human leukocyte antigen variants, 

and some of them are shared by both cervical cancer and HPV-positive HNC. Cancer 2022;128:1937-1947. © 2022 The Authors. Cancer 

published by Wiley Periodicals LLC on behalf of American Cancer Society. This is an open access article under the terms of the Creative 

Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original 

work is properly cited and is not used for commercial purposes. 

LAY SUMMARY: 

• Cervical cancer studies highlight that human papillomavirus (HPV)–driven cancer risk is linked with human leukocyte antigen (HLA)

polymorphism.

• Hence, the current study was designed to investigate the HLA associations in HPV-positive and HPV-negative head and neck cancer

(HNC) and compare these associations with cervical cancer.

• Several lead signals reported by previous HNC and cervical genome-wide association studies were replicated in the current study.

• However, these associations were limited to the HPV-positive HNC group, and this suggests that HPV-positive HNC risk is associated

with distinct HLA variants, and some of them are shared by both cervical cancer and HPV-positive HNC.
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INTRODUCTION
Oncogenic strains of human papillomavirus (HPV) ac-
count for a considerable number of human cancers orig-
inating in different anatomical sites of the human body. 
These cancers include almost all cervical cancers, a con-
siderable fraction of other anogenital cancers, and head 
and neck cancer (HNC).1 Despite the differences in the 
pathology of these cancers, they appear to share common 
HPV-driven oncogenic pathways.2,3 HPV infection in 
any of these sites is not necessarily followed by cancer de-
velopment, the vast majority of the infections being elim-
inated by the immune system over a period of months to 
a few years.4-6 However, certain individuals fail to clear 
the infection; this leads to persistent HPV infection and, 
consequently, to HPV-driven cancers.7

Epidemiological studies have reported many factors, 
including older age, infections such as HIV, and smoking, 
to be associated with HPV persistence and HPV-driven 
cancer risk.8-13 However, heritable genetic factors associ-
ated with HPV persistence and HPV-driven cancers in 
parallel to these acquired risks have been demonstrated in 
many studies. The early evidence suggesting the heritabil-
ity of HPV-driven cancer risk arose from familial studies 
and twin studies of cervical cancer.14,15 These observa-
tions were further supported by candidate gene studies 
and confirmed by subsequent genome-wide association 
studies (GWASs).16-20

In GWASs of cervical cancer, the strongest asso-
ciations were seen within the human leukocyte antigen 
(HLA) genes located on the short arm of chromosome 
6 (6p21.3).18,20,21 HLA genes encode proteins that con-
struct major histocompatibility complex (MHC) mol-
ecules involved in antigen presentation. These are key 
components of the immune system and thus play a major 
role in modulating the immune response against viruses 
such as HPV. As such, these associations appear to have a 
plausible functional relationship.

HNC studies have also reported associations be-
tween HLA variations and HNC risk.22-24 However, 
unlike cervical cancer, which is almost always caused by 
HPV infection, only a fraction of HNCs are associated 
with HPV. As such, it is unclear whether the observed 
associations in HNC are general or are confined only to 
the HPV-positive cohort. Intriguingly, the only study that 
stratified HNC by HPV status reported stronger associa-
tions with HLA variants in the HPV-positive cohort com-
pared with the HPV-negative cohort.22

This study was designed to further evaluate HLA 
associations with HPV-positive and HPV-negative HNC 
by replicating previous GWAS findings in an independent 

cohort and to compare the HLA associations with those 
reported for cervical cancer.

MATERIALS AND METHODS

Ethical Consideration and Patient Recruitment
Ethical approval for the study was obtained from the 
Metro South Human Research Ethics Committee (ref-
erence numbers HREC/12/QPAH/381 and HREC/16/
QPAH/125). Samples were collected at Princess Alexandra 
Hospital and Royal Brisbane and Women’s Hospital from 
2012 to 2019.

Salivary Sample Collection and Processing
Unstimulated saliva samples were collected according to a 
previously published procedure.25,26

Determination of the HPV Status of HNC
The tumor p16 status, determined with the CINtec 
p16INK4a histology kit (E6H4 clone; Roche MTM 
Laboratories), was used as a surrogate marker for the 
HPV status of the tumor. Strong, diffused nuclear and 
cytoplasmic staining over 75% of the tumor tissue was 
considered p16 overexpression and considered p16 posi-
tive. Salivary HPV DNA detection was used to validate 
the tumor HPV status. Salivary DNA was tested for 
high-risk HPV types with quantitative polymerase chain 
reaction and the iPLEX MassARRAY (Agena Bioscience, 
San Diego, California) according to a protocol described 
previously.26,27

Genotyping
All samples were genotyped with the Infinium Global 
Screening Array (chip GSAMD-24v2-0-20024620_A1; 
Illumina, Inc, San Diego, California) according to the 
manufacturer’s protocol at the Australian Translational 
Genetic Centre (Woolloongabba, Queensland, Australia).

Statistical Methods
Quality control (QC) was performed with PLINK.28 
Samples with an excess genotyping missing rate (>10%) 
or an outlying heterozygosity rate (beyond mean ± 3 
SD) were excluded; single-nucleotide polymorphisms 
(SNPs) with an excess genotyping rate or individual 
missing rate (>5% and >5% separately), a minor allele 
frequency < 1%, or a Hardy-Weinberg equilibrium P 
value < 1 × 10–6 were identified and excluded. Then, 
duplicated or related individuals with identity by de-
scent > 0.185 were excluded, and this was followed 
by standard population stratification analysis using 
FlashPCA2 (https://github.com/gabra​ham/flashpca) 

https://github.com/gabraham/flashpca
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and the HapMap3 data set (https://www.sanger.ac.uk/
data/hapma​p-3/) as a reference. Ten principal compo-
nents (PCs) with a gradually diminishing weight for 
each individual were generated. The top 2 components, 
PC1 and PC2, were used to exclude ancestry outliers 
(PC1 and/or PC2 beyond mean ± 3 SD). PCs were re-
calculated after the removal of ancestry outliers, and the 
top 4 PCs, which could capture most of the informa-
tion, were used as covariates in the following association 
analysis to control for population stratification because 
additional components did not further reduce inflation 
in the test statistics.

A detailed investigation in the HLA region was per-
formed with SNP2HLA, which performs HLA allele and 
amino acid imputation from passed-QC SNP data and 
association analysis. The imputation was performed with 
the Type 1 Diabetes Genetics Consortium reference panel 
and was followed by QC, which included the exclusion 
of imputed loci with r2 < 0.3 and samples with the allele 
dosage at any HLA type exceeding 2.5. An association 
analysis was then conducted via logistic regression with 
PC1 to PC4 as covariates.

To apply the polygenic risk score (PRS) derived 
from our previous study20 for persistent HPV infections 
in cervical cancer, SNP imputation on passed-QC SNP 
data was performed first to predict unobserved SNPs. 
The Michigan imputation server with the Haplotype 
Reference Consortium reference panel was used where 
imputed loci with r2 > 0.3 were kept. After that, the ge-
netic risk score for each individual was calculated with 
PLINK, and the predictivity was evaluated with the area 
under the receiver operator curve.

RESULTS
With consideration of their tumor p16 status and salivary 
HPV status, 192 patients with HNC, including 96 with 
HPV-positive HNC (salivary HPV positive and tumor 
p16 positive) and 96 with HPV-negative HNC (salivary 
HPV negative and tumor p16 negative) who had suf-
ficient DNA in their salivary samples, were selected for 
genotyping. Demographic and clinical information for 
the patients with HNC is listed in Supporting Table 1. 
The HPV-positive HNC cohort was mainly composed 
of patients with oropharyngeal cancer (OPC; 93.75%), 
and the HPV-negative HNC cohort mainly consisted of 
patients with oral cancer (55.21%). For an unselected 
control, a cohort of 384 samples previously described was 
used.29,30 Both the HNC cohort and the control cohort 
were mostly of European descent. After QC, a total of 

91 HPV-positive patients with HNC, 88 HPV-negative 
patients with HNC, and 364 controls with 458,881 com-
mon SNPs remained (Fig. 1).

Associations Observed in the Current Study
Although this study was designed for replication, we 
investigated the overall structure of the 8445 variants 
in the HLA region, including 256 HLA alleles, 1060 
amino acids, and 7129 SNPs that were imputed with 
SNP2HLA. An association analysis of the HLA region 
was performed on HPV-positive HNC against controls 
(HPV-positive HNC group) and on HPV-negative HNC 
against controls (HPV-negative HNC group) via logistic 
regression with 4 PCs as covariates (Supporting Table 2).

In the HPV-positive HNC group, the strongest 
associations with suggestive genome-wide significance 
were seen with SNP_DRB1_32660090_G (odds ratio 
[OR], 2.406 [1.679-3.448]; P = 1.728 × 10–6), SNP_
DRB1_32660116_C ([OR], 2.406 [1.679-3.448]; P = 
1.728 × 10–6), and AA_DRB1_11_32660115_SPL (pres-
ence of serine, proline, or leucine in HLA-DRB1 amino 
acid position 11; [OR], 2.406 [1.679-3.448]; P = 1.728 
× 10–6; Fig. 2). The targets were in strong linkage disequi-
librium with each other (r2 = 1), and conditioning on any 
of these targets masked most of the signals leaving only 
minor residual associations in the region (P > .0001; Fig. 
2). Notably, conditioning AA_DRB1_11_32660115_SPL 
of these variants also controlled for the associations HLA-
DRB1*13, HLA-DRB1*1301, HLA-DQA1*0103, and 
HLA-DQB1*0603 previously reported in HNC GWASs. 
The linkage disequilibrium structure with these amino 
acids and the classical HLA type is shown in Figure 2.

In the HPV-negative HNC group, no signal reached 
suggestive genome-wide significance. Relatively weak asso-
ciations were observed with a group of variants with r2 = 
1, including SNPs, amino acids in the HLA-DPA1 region, 
and HLA-DPA1*2 ([OR], 2.085 [1.383-3.144]; P = 4.531 
× 10–4). No associations were observed with the top signals 
observed to be associated with the HPV-positive HNC 
group. This provided further evidence for the role of AA_
DRB1_11_32660115_SPL/SNP_DRB1_32660090_G/
SNP_DRB1_32660116_C in HPV-positive HNC and 
confidence in the replication study.

Replication of HLA Associations Reported by 
Other HNC GWASs
Replication of lead signals

The observations of 2 previous large-scale GWASs were 
compared with the current study to identify replicated 
targets (Table 1). When lead signals reported by these 

https://www.sanger.ac.uk/data/hapmap-3/
https://www.sanger.ac.uk/data/hapmap-3/
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GWASs were considered, a number of HLA variants re-
ported by Shete et al24 were identified to be associated with 
the HPV-positive HNC group but not with the HPV-
negative HNC group in the current study. rs3135001, 
located in HLA-DQB1, which was previously reported to 
be associated with overall HNC ([OR], 0.77 [0.73-0.82]; 
P = 1.44 × 10–16), was found to significantly correlate 
with HPV-positive HNC risk ([OR], 0.56 [0.36-0.88]; 
P = .012). Similarly, HLA-DQB1 rs1049055, which 
was previously reported to be associated with oral cavity 
cancer ([OR], 0.78 [0.72-0.85]; P = 2.96 × 10–9), and 
SNP HLA-DQA1 rs34518860, which was reported to 
be linked with OPC ([OR], 0.61 [0.54-0.68]; P = 2.61 
× 10–17), were among the targets replicated in the cur-
rent study to be significantly correlated with HPV-positive 
HNC risk (rs1049055: [OR], 0.56 [0.36-0.88]; P = 
.012; rs34518860: [OR], 0.39 [0.16-0.91]; P =  .029). 
Furthermore, HLA-DQB1*06, which had been reported 
to be associated with overall HNC ([OR], 0.77 [0.7-0.84]; 
P = 4.34 × 10–8) and OPC ([OR], 0.77 [0.7-0.84]; P = 
4.34 × 10–8), was observed to be associated with HPV-
positive HNC ([OR], 0.55 [0.35-0.86]; P =  .009).

Replication of Other Validated Signals
Several stronger associations were observed when other 
validated HNC-associated genetic variants reported by 
these 2 GWASs were considered (Supporting Table 3). 
A number of SNPs located at class II HLA variants, 
including DQA1, DRB1, and DRB5, that were re-
ported to be associated with OPC risk by Shete et al24 
were observed to reach suggestive genome-wide sig-
nificance (P < 1 × 10–5) in the HPV-positive HNC 
group. The strongest signal among them was observed 
for rs9271776, an SNP located at HLA-DQA1 ([OR], 
2.42 [1.68-3.48]; P = 2.06 × 10–6), which was reported 
by Shete et al to be linked with OPC risk ([OR], 1.23 
[1.15-1.32]; P = 5.65 × 10–10). Strong associations 
with HPV-positive HNC were also observed for several 
SNPs located at HLA-DQA1, including rs17612562 
([OR], 2.08 [1.451-2.98]; P = 6.617 × 10–5); this con-
firmed associations with OPC previously reported by 
Lesseur et al22 ([OR], 1.29; P = 1.6 × 10–9). Among 
the allelic variations, HLA-DQA1*03 ([OR], 2.153 
[1.483-3.125]; P = 5.5 × 10–5) and HLA-DQA1*0301 
([OR], 2.153 [1.483-3.125]; P = 5.5 × 10–5), which 

Figure 1.  Workflow of the study. HLA indicates human leukocyte antigen; HNC, head and neck cancer; HPV, human papillomavirus; 
IBD, identity by descent; SNP, single-nucleotide polymorphism.
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have been previously reported to promote OPC risk 
(HLA-DQA1*03: [OR], 1.29 [1.15-1.46]; P = 2.43 × 
10–5; HLA-DQA1*0301: [OR], 1.29 [1.15-1.46]; P = 
2.43 × 10–5), had the strongest associations in the cur-
rent study.24

In contrast, only a few HLA variants were replicated 
with the HPV-negative HNC cohort. These associations 
were limited to SNPs located at HLA-DQB1 and HLA-
DQA1 and were relatively weak in comparison with HLA 
associations observed with HPV-positive HNC. Among 
them, rs9273415 at HLA-DQB1 ([OR], 0.64 [0.45-
0.90]; P = .011), which had been previously reported to 
be associated with OPC by Lesseur et al22 ([OR], 1.28; P 
= 2.8 × 10–9), was the strongest signal.

Replication of HLA Associations Reported by 
Cervical Cancer Studies
A number of HLA targets that had been identified to be as-
sociated with cervical cancer were also found to be signifi-
cantly associated with HPV-positive HNC in the current 
study (Table 2 and Supporting Table 4). Among the asso-
ciations shared by both cervical cancer and HPV-positive 

HNC, there were several lead signals previously reported 
by cervical cancer GWASs. Both rs9272143 ([OR], 0.67 
[0.62-0.72]; P = 9.3 × 10−24), the top signal reported by 
Chen et al for cervical cancer,21 and rs9271858 ([OR], 
7.44; P = 5.20 × 10−15), the top signal reported by Leo 
et al20 for cervical cancer, also significantly correlated with 
HPV-positive HNC risk (rs9272143: [OR], 0.58 [0.41-
0.82]; P = 2 × 10–3; rs9271858: [OR], 1.72 [1.22-2.44]; 
P = 2 × 10–3).1

Among the allelic associations reported by cervical 
cancer studies, HLA-B-15, reported by Leo et al20 to be 
associated with cervical cancer ([OR], 0.64; P = 1.56× 
10−9), was observed to be associated with HPV-positive 
HNC ([OR], 0.31 [0.12-0.80]; P = .015). Similarly, 
HLA-B-1501, a suballele of the HLA-B-15 family, which 
was reported to be associated with cervical cancer by both 
Chen et al19 ([OR], 0.67 [0.58-0.77]; P = 2.6 × 10−8) 
and Leo et al20 ([OR], 0.63; P = 4.44 × 10–9), was ob-
served to be associated with HPV-positive HNC ([OR], 
0.21 [0.06-0.67]; P = .009). This HLA type has not been 
previously reported in HNC GWASs; however, it is also a 
relatively rare allele with a population frequency of 8% in 

Figure 2.  Zoom plot indicating HLA associations in HNC: (A) HLA associations in the HPV-positive HNC group, (B) associations 
with HLA classical alleles in the HPV-positive HNC group, (C) HLA associations in the HPV-negative HNC group indicating that 
the associations are quite different from the HPV-positive HNC group, and (D) associations with HLA classical alleles in the HPV-
negative HNC group. SNP associations are reported as filled-in dots, and HLA amino acid associations are reported as hollow 
diamonds. Colors represent the extent of linkage disequilibrium with amino acid position 11 of HLA-DRB1 (the top signal for the HPV-
positive HNC group). A: top left, B: top right, C: bottom left, D: bottom right. HLA indicates human leukocyte antigen; HNC, head 
and neck cancer; HPV, human papillomavirus; SNP, single-nucleotide polymorphism.
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controls and 2% in cases. Importantly, none of these as-
sociations were observed to be linked with HPV-negative 
HNC.

Considering that there are some similarities between 
cervical cancer and HPV-positive HNC, we evaluated 
the efficacy of the PRS algorithm developed for cervical 
cancer to predict HNC risk under the hypothesis that 
genomic variants for persistent HPV infection might 
be shared. This PRS had an average area under the re-
ceiver operator curve of 0.678, including 35 regions and 
692 predictors (including 234 on MHC regions), and 
it showed that women with the highest 10% and 5% 
risk scores had approximately greater than 7.1% and 
21.6% risks of developing cervical cancer, respectively.20 
However, the cervical cancer PRS model was unable to 
stratify the HPV-positive and HPV-negative cases or sep-
arate the HPV-positive cases from the unselected con-
trols (Table 3). We conclude that the underlying risks for 
HPV-driven diseases are not similar.

DISCUSSION
Mounting a timely and effective immune response re-
lies on prompt antigen recognition, and thus cells have 
evolved efficient mechanisms to present antigens to im-
mune cells. Among them, the MHC-based antigen pres-
entation pathway is the key pathway for peptide antigen 
presentation.31 Except for the β2-microglobulin fragment 
of MHC class I molecules, protein molecules that con-
struct MHC class I and class II are encoded by an MHC 
gene complex located at the short arm of chromosome 6 
(6p21). This is one of the most polymorphic regions of 
the human genome, where certain genes have more than 
4000 known allelic variants.32 Changes in MHC peptide 
interactions due to these allelic variations allow MHC 
molecules to efficiently present a broad range of antigens. 
This diversification of immunity can be considered an 
evolutionary adaptation to ensure that at least certain in-
dividuals survive against an emerging infection.

However, this survival advantage comes with a price 
as some of these variants have a lower affinity toward cer-
tain antigens affecting the efficacy of antigen presenta-
tion. This results in an inability to competently respond 
to certain infections or mount immune reactions against 
certain types of cancers in individuals having these alleles. 
Consequently, HLA allelic variations have been indicated 
to be associated with a range of diseases.33 Cervical cancer 
is one such disease where the link between HLA variations 
and the risk for acquiring cervical cancer is well estab-
lished.34 Because almost all cervical cancers are triggered 
by HPV infection, these HLA variations are assumed to 
be responsible for either defective viral clearance or a de-
fective immune response against cellular transformation.

Similarly, the current study together with previous 
HNC GWASs establishes the associations between HLA 
changes and HNC risk.22,24 However, these associations 
were apparent in HPV-positive HNC in contrast to HPV-
negative HNC, where only a limited number of associ-
ations were identified. When HPV-positive HNC was 
taken into consideration, significant associations were 
observed with both class I and class II MHC variants. 
The strongest associations were observed with class II 
MHC variants, with several SNPs and amino acid po-
sitions located at HLA-DRB1 and HLA-DQA1 reach-
ing P values < 10−5. Furthermore, we have been able 
to replicate several HLA targets that have been reported 
by previous HNC GWASs in the comparison between 
HPV-positive HNC and controls. The majority of the 
replicated targets have been reported to be associated with 
OPC (Supporting Table 3). Because a significant number 
of OPCs are caused by HPV, it can be reasoned that the 
majority of these associations are likely to be due to the 
higher number of HPV-positive cases. The only GWAS 
that has considered the HPV status in a subgroup of sam-
ples also suggests that there are stronger associations when 
HPV-positive OPC is considered.22

Strengthening the notion that there are common 
genetic factors associated with HPV-driven cancer risk, 
several cervical cancer–associated HLA variants were 
also observed to be associated with HPV-positive HNC. 
Among these targets, there were several lead signals ob-
served by cervical cancer GWASs, including the leading 
SNPs reported by Chen et al21 and Leo et al20 and com-
ponent alleles of the major risk and protective haplo-
types reported by Leo et al. Confirming the specific role 
played by these HLA variants in HPV-driven oncogen-
esis, none of them were observed to be associated with 
HPV-negative HNC. Despite these associations, the risk 

TABLE 3.  Performance of the Cervical Cancer 
Polygenic Risk Score Algorithm for Predicting HNC 
Risk

Comparison
Mean AUC of 10-Fold 

Cross-Validation

HPV-positive HNC vs HPV-negative HNC 0.515
HPV-positive HNC vs controls 0.530
HPV-negative HNC vs controls 0.528

Abbreviations: AUC, area under the receiver operator curve; HNC, head and 
neck cancer; HPV, human papillomavirus.
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score prediction model developed for cervical cancer by 
Leo et al was unable to predict HPV-driven HNC risk. 
This could be due either to the limited number of samples 
considered in this study or to characteristic HLA associa-
tions in HPV-positive HNC in addition to HLA variants 
shared with cervical cancer.

In conclusion, HPV-positive HNC risk is associated 
with HLA variations, and at least some of these associa-
tions are shared by both cervical cancer and HPV-positive 
HNC.
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