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ARTICLE INFO ABSTRACT
Keywords: Problem: Human papillomavirus infection is integral to developing invasive cervical cancer in the majority of
Human leukocyte antigen patients. In a recent genome-wide association study, rs9357152 and rs4243652 have been associated with

Single nucleotide polymorphism

- seropositivity for HPV16 or HPV18, respectively. It is unknown whether these variants also associate with
Association study

HPV infection cervical cancer triggered by either HPV16 or HPV18.

€OTL Methods: We investigate whether the two HPV susceptibility variants show association with type-specific cervical

VASH1 cancer in a genetic case-control study with cases stratified by HPV16 or HPV18, respectively. We further tested
whether rs9357152 modulates gene expression of any of 36 genes at the human leukocyte antigen locus in 256
cervical tissues.
Results: rs9357152 was associated with invasive HPV16-positive cervical cancer (OR 1.33, 95%CI 1.03-1.70, p =
0.03), and rs4243652 was associated with HPV18-positive adenocarcinomas (OR 2.96, 95%CI 1.18-7.41, p =
0.02). These associations remained borderline significant after testing against different sets of controls.
19357152 was found to be an eQTL for HLA-DRBI1 in HPV-positive cervical tissues (panova = 0.0009), with the
risk allele lowering mRNA levels.
Conclusions: We find evidence that HPV seropositivity variants at chromosome 6 and 14 may modulate type-
specific cervical cancer risk. rs9357152 may exert its effect through regulating HLA-DRBI1 induction in the
presence of HPV. In regard of multiple testing, these results need to be confirmed in larger studies.

worldwide [1]. A persistent infection with high-risk human papilloma-

1. Introduction virus types (HPV 16, 18, 31, 33, 52, 58, among others) is seen in most
invasive cervical cancers [2]. Not every infected woman develops
Cervical cancer is the fourth most prevalent cancer in women invasive cancer, pointing to underlying environmental or lifestyle

* Corresponding author. Gynaecology Research Unit, Department of Gynaecology and Obstetrics, Comprehensive Cancer Center, Hannover Medical School, D-
30625, Hannover, Germany.
E-mail address: Ramachandran.dhanya@mh-hannover.de (D. Ramachandran).
1 Shared senior authorship.

https://doi.org/10.1016/j.tvr.2023.200269

Received 12 May 2023; Received in revised form 22 July 2023; Accepted 24 July 2023

Available online 25 July 2023

2666-6790/© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).


mailto:Ramachandran.dhanya@mh-hannover.de
www.sciencedirect.com/science/journal/26666790
https://www.journals.elsevier.com/tumour-virus-research
https://doi.org/10.1016/j.tvr.2023.200269
https://doi.org/10.1016/j.tvr.2023.200269
https://doi.org/10.1016/j.tvr.2023.200269
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

F. Seifert et al.

factors or genetic risk factors involved in persistent infection, failure to
clear the viral load and induction of tumor formation [2]. Among

List of abbreviations used

cDNA Complementary DNA

CI Confidence interval

CIN Cervical intraepithelial neoplasia
CIS Carcinoma in situ

EDTA  Ethylenediaminetetraacetic Acid
eQTL Expression quantitative trait loci
GWAS  Genome wide association study
HLA Human Leukocyte Antigen

HPV Human papillomavirus

HWE Hardy Weinberg Equilibrium
ICC Invasive cervical cancer

MAF Minor Allele frequency

OR Odds ratio

qRT-PCR Quantitative real time PCR

SNP Single nucleotide polymorphism

various genome-wide association studies (GWASs) published for cervi-
cal cancer so far [3-10], the majority of signals arise at the Human
Leukocyte Antigen locus (HLA) at 6p21.32-33. Other GWASs and follow
up studies for human papillomavirus seropositivity have identified
type-specific signals at the same chromosomal region [5,11,12]. Chen
et al. reported a variant, rs9357152 at 6p21.32, to be associated with
HPV8 seropositivity [11], which was replicated in a recent HPV16
seropositivity GWAS from the UK biobank [12]. The latter study also
identified a novel locus potentially associated with HPV18 seropositivity
at 14q24.3 (rs4243652) [12]. Here, we test the association of these two
variants with cervical cancer and dysplasia in HPV16- and HPV18-
positive samples, respectively, from the German Cervigen cohort in a
case-control study. We additionally test the impact of the chromosome 6
variant on cervical mRNA transcript levels of 36 genes at the HLA locus
using eQTL analyses.

2. Materials and methods
2.1. Patient material

We investigated a total of 395 cancer cases from the German Cer-
vigen consortium [13,19], including samples that had been collected in
nine German hospitals in Hannover, Wolfsburg, Jena, Erlangen, Dres-
den, Halle, Munich, Berlin and Bad Miinder. The HPV status of the pa-
tients was taken as an inclusion criterion: only cases with
HPV16-positive status were tested for the HPV16 seropositivity
variant rs9357152, and only cases with HPV18-positive status were
taken for genotyping the HPV18 seropositivity variant rs4243652. This
stratification served to avoid dilution of effects and thereby increase the
power of the study to detect potentially specific associations. 26 samples
were excluded because they had double infections with HPV16 and
HPV18 so that the viral driver could not be unambiguously defined. We
finally included 307 patients with cancer or dysplasia having a
HPV16-positive test as cases for testing rs9357152. Similarly, for testing
rs4243652, a total of 88 HPV18-positive tested cervical cancer or
dysplasia patients were taken.

The main comparison control series consisted of 569 healthy females
and was the same for both case groups. These samples were randomly
drawn from the Cervigen study [19] and were genotyped by PCR-RFLP
in the same way as the cases. Ten women with non-European ancestry
were excluded from statistical analysis (5 cases and 5 controls), leaving
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564 cancer-free healthy controls as “control group 1”. We also defined a
second control series, “control group 2”, of 379 independent samples
that had been genotyped on the OncoArray during a previous GWAS
[21]. In that GWAS, rs9357152 had been directly genotyped and
rs4243652 had been imputed. Finally, we defined a third control series,
“control group 3”, of known HPV-negative status from a cervical tissue
collective derived from women undergoing routine colposcopy (see
below). After exclusion of women with a previous cervical dysplasia or
cancer, we remained with 129 samples in the third control group. Age
characteristics differed between cases with dysplasia or invasive cancer
as well as within the three control series and are summarized in Sup-
plementary Table 1.

From our cervical tissue collective (n = 256), RNA, genomic DNA
and HPV status information was available, as described previously [13,
19]. From total RNA, cDNA was synthesized for gene expression anal-
ysis. The samples were stratified into HPV-negative or HPV-positive
groups (16-+, 18+, or other high risk HPV type+), along with lesion
negative or positive subgroups (where the lesion status PAPIII and above
was considered positive). These cDNA were taken for gene expression
analyses.

2.2. Methods

2.2.1. SNP genotyping

Genomic DNA from peripheral white blood cells was isolated from 5
ml venous EDTA blood from each patient using standard phenol-
chloroform extraction and subjected to SNP genotyping via restriction
fragment length polymorphism (RFLP) analysis. Primer pairs were
designed for both rs4243652(A/G) and rs9357152(C/T) as follows: for
rs4243652, a 168bp fragment was PCR amplified with 5-GAG TAG AAG
CAG CTG ATT CCT TC-3' and 5-CCT TCC TTC AAG CAC AGA CAC-3,
and PCR products were digested with the enzyme Hpy188III (TC'NNGA,
New England Biolabs). For rs9357152, a 162bp fragment was amplified
with 5-GAT GAA TTT TAT GTC CAA ATC TAG GC-3' and 5-GGA GAA
ATT GAA GAT CCC TGA TTG C-3' and digested with the enzyme Sau961
(G"GNCC, New England Biolabs). The digested products were separated
on a 2% agarose gel containing GelRed, and visualized with a UV
transilluminator (Intas) (Supplementary Fig. 1). For rs9357152, 560
healthy controls and 333 HPV16-positive cancer/dysplasia samples
were successfully genotyped (call rate 98.9%), and for rs4243652, 558
healthy controls and 114 HPV18-positive cancer/dysplasia cases were
successfully genotyped (call rate 98.8%). Twenty-six samples were both
HPV16- and HPV18-positive and have been genotyped for both variants
but were excluded from statistical analysis later.

2.2.2. Sanger sequencing

Some samples having common homozygous, rare homozygous and
heterozygous genotypes for each of the two variants were randomly
selected for validation sequencing. PCR-products were sequenced using
BigDye™ Terminator chemistry on a SeqStudio Genetic Analyzer
(Applied Biosystems/Thermo Fisher Scientific), and sequencing results
were analysed using Sequencing Analysis 5.1.1 software (Applied Bio-
systems) and FinchTV v1.4.0 (Geospiza). All sequencing results were in
concordance with RFLP genotyping results (Supplementary Fig. 2).

2.2.3. Statistical analysis of genetic data

We performed logistic regression analyses using STATA v17 with
case-control status as the outcome and genotype as predictor variable.
The median age at diagnosis for cases overall was 38 years (range 17-78
years). A stratified analysis was performed based on the disease severity.
For this, samples were grouped into LSIL/low-grade dysplasia (CIN1
together with CIN2 patients at age <30 years (CIN2.3¢)), HSIL/high-
grade dysplasia (CIN2 cases at age >30 years (CIN230) together with
CIN3 patients), and invasive cervical cancer. Invasive carcinomas were
further grouped histologically into squamous cell carcinoma or adeno-
carcinoma. Odds ratios were calculated under an allelic model and
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reported with 95% confidence intervals. In regard of the prior identifi-
cation of the two variants under study as seropositivity variants, two-
sided P-values below 0.05 were regarded as confirmatory evidence.
All stratified analyses were performed with control group 1. Results at p
< 0.05 were then tested for robustness against control bias in additional
logistic regression analyses using the control groups 2 and 3 for separate
and combined comparisons with cases in the stratum of interest.

2.2.4. Transcript expression and eQTL analysis

For the 256 cervical tissue samples where the genotype of rs9357152
was available, gene expression analysis was performed using cDNA for
genes of interest at chromosome 6 (Supplementary Table 2). Data was
generated after real time qPCR on the Fluidigm Biomark HD system
using DeltaGene assays (listed in Supplementary Table 2) via 48.48 gene
expression arrays. Normalization was performed using qBASE + soft-
ware [14] with B2M and RPL13A as housekeeping genes. After removing
outliers (ROUT method, GraphPad Prism v9.5.1), logl0 normalized
expression values were tested for association with the SNP genotype in
eQTL analysis. For comparison of two groups, student’s t-test was
employed, whereas for comparing three groups, one way ANOVA was
used, together with a linear test for trend. P-values less than 0.05 were
reported. Since we tested 36 genes in three groups, multiple testing
penalty was applied and only p-values below 0.0005 were considered to
be statistically significant associations after Bonferroni correction. In
case of some genes that were detected at very low levels in samples, an
additional chi-square test was performed to test whether the SNP ge-
notype predicts detection of gene transcripts.

3. Results

A total of 894 samples (333 HPV16-positive cases and 561 controls)
were successfully genotyped for rs9357152, and 672 samples (114
HPV18-positive cases and 558 controls) were genotyped successfully for
rs4243652 (Table 1). From these, 26 samples were both HPV16- and
HPV18-positive, from which 13 samples harboured the rare allele of
rs9357152 (10 heterozygotes, 3 rare homozygotes) and 2 samples har-
boured the rare allele of rs4243652 (1 heterozygote, 1 rare homozy-
gote). These double positive patients were excluded from the study to
increase the stringency of subtype analysis. Around 10% of all samples
were repeated and showed 100% concordance in their genotype results.
Both variants were in Hardy-Weinberg equilibrium (p > 0.05) in the
tested cohort.

We did not observe an overall association with cervical disease for
either of the two variants. However, in stratified case-control compari-
sons of HPV16-positive patients and healthy controls using logistic
regression, rs9357152 showed evidence of association with invasive
cervical cancer (rs9357152: OR 1.33, 95% CI 1.03-1.70, p = 0.03)
(Table 1). The effect of rs9357152 tended to increase with severity of
disease (p = 0.02, linear-by-linear test for trend). For the less common
variant rs4243652, we found evidence of a specific association with
HPV18-positive adenocarcinomas (OR 2.96, 95%CI 1.18-7.41, p =

Table 1
Association of rs9357152 and rs4243652 with case-control status.
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0.02) (Table 1). This association was stronger in women who were
diagnosed with adenocarcinoma before the median age of 40 years (OR
5.31, 95%CI 1.83-15.39, p = 0.002).

We tested whether the possible associations above remained stable
when using different sets of controls and compared the genotype dis-
tribution in HPV16-positive and HPV18-positive patients to 379 inde-
pendent control females that had previously been genotyped on a GWAS
array [21]. HPV16 seropositivity variant rs9357152 showed an effect in
the same direction but the association with invasive cervical cancer was
not significant when using this second control group (OR 1.16, 95%CI
0.89-1.59; p = 0.27). HPV18 seropositivity variant rs4243652 remained
associated with adenocarcinoma (OR 2.72, 95%CI 1.03-7.18; p = 0.04),
in particular with a diagnosis before age 40 (OR 5.29, 95%CI
1.68-16.65; p = 0.004). No significant associations were detected when
cases were compared to a third control group consisting of PAP smear
samples derived from HPV-negative women but the numbers were small
(Table 2). Logistic regression analysis with all controls combined still
revealed evidence for association of HPV16 seropositivity variant
rs9357152 with invasive cervical cancer (OR 1.26, 95%CI 1.00-1.58, p
= 0.049) and HPV18 seropositivity variant rs4243652 with adenocar-
cinoma (OR 2.49, 95%CI 1.02-6.06, p = 0.044) (Table 2). When ana-
lyses were adjusted for age, the association was not significant for
159357152 but remained nominally significant for rs4243652 (OR 1.19,
95%CI 0.94-1.52; p = 0.19 for rs9357152 with invasive cervical cancer,
OR 2.72, 95%CI 1.11-6.67; p = 0.03 for rs4243652 with
adenocarcinoma).

To understand how the HPV16 infection susceptibility variant
rs9357152 works at the molecular level in cervical tissues, we per-
formed eQTL analyses on the expression of 36 genes within the HLA
locus on chromosome 6 (Supplementary Fig. 3). We identified potential
eQTL effects on seven of the 36 targets, with the most significant asso-
ciation detected for transcript levels of HLA-DRBI with rs9357152
(Fig. 1, Supplementary Fig. 4). Notably, rs9357152 was found to be a
strong eQTL for HLA-DRBI1 selectively in HPV-positive samples (panova
= 0.0009, prrend = 0.0003) (Fig. 1).

4. Discussion

Genomic factors underlying susceptibility to cervical cancer have
been sought in multiple candidate gene based studies and GWASs so far
[8]. Previously reported susceptibility loci, mainly arising from the HLA
region, appeared from studies where cervical cancer was the tested
outcome, and as those studies usually do not stratify by the type of HPV
infection, type-specific odds ratios are rarely provided [5,15,16]. Since a
consistent infection by human papillomavirus is seen in almost all
invasive cancer cases, GWASs for HPV seropositivity might be infor-
mative to identify type-specific genetic risk factors for developing CC.
Previously, a HPV seropositivity GWAS had identified a signal on
chromosome 6 for HPV8 seropositivity [11]. While this is not a high-risk
HPV type for cervical cancer, a more recent GWAS from the UK Biobank
replicated the same variant (rs9357152) for HPV16 seropositivity and

Stratum rs9357152 (HPV16+ve) rs4243652 (HPV18+-ve)
Ncases Ncontrols NTotal OR P Ncases Ncontrols NTotal OR P

Overall 307 561 868 1.16 (0.93-1.43) 0.19 88 558 646 1.56 (0.79-3.09) 0.20
LSIL (CIN1 + CIN2< 30y) 19 561 580 0.52 (0.21-1.24) 0.14 4 558 562 na

HSIL (CIN2>30y + CIN3) 89 561 650 1.01 (0.71-1.43) 0.97 11 558 569 1.11 (0.15-8.40) 0.92
Invasive 197 561 758 1.33 (1.03-1.70) 0.03 73 558 631 1.72 (0.84-3.52) 0.14
- Adenocarcinoma 19 561 580 1.58 (0.81-3.07) 0.18 27 558 585 2.96 (1.18-7.41) 0.02
- Squamous carcinoma 165 561 726 1.25 (0.96-1.64) 0.10 43 558 601 1.13 (0.40-3.23) 0.81

Stratified logistic regression analyses restricted to the disease type. Cervical intraepithelial neoplasia was differentiated into LSIL/low-risk (CIN1 + CIN2<30) and
HSIL/high-risk (CIN2>30 + CIN3) groups. Invasive cervical cancer was stratified into squamous epithelial cell carcinoma or adenocarcinoma. High-risk dysplasia
(CIN2>30 + CIN3) and invasive cancer were also combined together. For the LSIL analysis for rs4243652, numbers of HPV 18 positive samples were too small for
statistical analysis. CI, confidence interval; OR, odds ratio for minor allele; P, P value from logistic regression analysis.
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Table 2
Association results for rs9357152 and rs4243652 in distinct control groups.
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Control series rs9357152 (HPV16+-ve invasive cancer)

rs4243652 (HPV18+ve adenocarcinoma)

Ncases Ncontrols NTotal OR p Ncases Ncontrols NTotal OR P
Control group 1 197 561 758 1.33 (1.03-1.70) 0.03 27 558 585 2.96 (1.18-7.41) 0.02
Control group 2 197 379 576 1.16 (0.89-1.50) 0.27 27 379 406 2.72 (1.02-7.18) 0.04
Control group 3 197 129 326 1.32 (0.94-1.86) 0.11 27 119 146 1.30 (0.49-3.44) 0.60
Controls combined 197 1069 1266 1.26 (1.00-1.58) 0.05* 27 1056 1083 2.49 (1.02-6.06) 0.04

Logistic regression analyses restricted to either HPV16-positive invasive cancer (for rs9357152) or HPV18-positive adenocarcinoma (for rs4243652) and three distinct
control groups. Control group 1: random controls from Cervigen, RFLP-genotyped; Control group 2: additional controls from Cervigen, array-genotyped; Control group
3: HPV-negative controls derived from cervical tissue cohort, RFLP-genotyped. CI, confidence interval; OR, odds ratio for minor allele; P, P value from logistic

regression analysis. *Exact P value 0.049.
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Fig. 1. Correlation of rs9357152 genotype with HLA-DRBI levels in cervical tissue specimens. Association of transcript levels was tested overall and in HPV
positive and negative tissues. P values after student’s t-test between two groups or ANOVA between all groups is indicated.

further identified a novel potential hit on chromosome 14 for HPV18
seropositivity (rs4243652) [12]. This GWAS also identified a variant at
the HLA locus, rs601148, that is correlated with the known risk variant
1s9272143 [17] and closely linked variants associated with cervical
cancer in multiple studies [6,7,18,19]. The example of rs601148 illus-
trates how a seropositivity GWAS is consistent with and can inform as-
sociation studies for cervical cancer. However, the two other new
candidate variants rs9357152 (HPV16 seropositivity) and rs4243652
(HPV18 seropositivity) did not emerge from genome-wide association
studies of cervical cancer risk, suggesting that they may have been
missed because the cases were not stratified by HPV type. This prompted
us to perform the present stratified replication study in the Cervigen
cohort where HPV type information is documented in the majority of
cases. rs9357152 is located between the genes HLA-DQBI and
HLA-DQA2 on chromosome 6, whereas rs4243652 resides between the
genes ESRRB and VASHI on chromosome 14 and thus constitutes an
independent promising novel locus.

Consistent with our hypothesis, rs9357152 was found to be associ-
ated with invasive carcinoma in the Cervigen cohort with the rare allele
increasing the risk of cancer. At further inspection of available GWAS
data, this variant also associated with cervical cancer in the Finnish
biobank GWAS at sub-genome-wide level (p = 2 x 10E-4, malignant
neoplasm of cervix uteri, https://r8.finngen.fi/variant/6:326
97183-A-G), and in a meta-analysis performed in-house including five
available cervical cancer GWAS datasets so far (p = 4 x 10E-4, datasets
included: UK Biobank GWAS: 20001_1041.gwas.imputed_v3.female.tsv,
Finnish biobank GWAS version 4: finngen R4_C3_CERVIX UTERI EX-
ALLC, CeC Japanese Biobank: Sakaue et al., 2020 [20], Leo et al., 2017
[5], and Cervigen 2022 [21]). The GTEx database lists eQTL evidence
for rs9357152 in whole blood for multiple genes related to HLA-DQ,
such as HLA-DQB2 (p = 5.2 x 10E-23), HLA-DQB1 (p = 89 x
10E-14), HLA-DQA2 (p = 1.3 x 10E-10), HLA-DQB1-AS1 (p = 6.0 x
10E-8) and HLA-DQA1 (p = 7.9 x 10E-8). However, we find that

159357152 is an eQTL for HLA-DRBI specifically in HPV-positive cer-
vical tissues with the risk allele associating with decreasing levels of
HLA-DRBI, located about 100 kBp apart. HLA-DRB1 belongs to class II
MHC molecules that are constitutively expressed on antigen presenting
cells. However, epithelial cells are also known to express HLA-DR genes,
in particular when exposed to infection or inflammatory environment
[22-24]. Our results thus raise the interesting possibility that this
induced expression detected in HPV-positive samples is being modified
by the risk genotype. The HLA-DRBI gene is highly polymorphic with
more than 4395 alleles discovered so far (https://www.ebi.ac.uk/ipd/
imgt/hla/) and has been investigated in detail for association with
cervical cancer [25] as well as with HPV titer and viral load in the cervix
uteri [15,26]. While HLA-DRB1 alleles are mostly defined by amino acid
variation, it is not without precedence that mRNA levels of this gene
have been linked to a cervical cancer risk variant. A previous study on
cervical cancer identified another variant at chromosome 6 (rs9272143)
that acts as a cis-eQTL for HLA-DRB1 [27]. As the eQTL effect on
HLA-DRBI1 mediated via rs9357152 was only seen in HPV positive cells,
lowered levels of HLA-DRBI1 in the presence of the risk allele may
contribute to immune evasion and a higher risk of developing invasive
cancer.

rs4243652, discovered in a GWAS for HPV18 seropositivity by
Kachuri and co-workers [12], was found to be associated with adeno-
carcinoma in our cohort and thus may contribute to the higher risk of
adenocarcinomas that is observed for HPV18-positive women [28,29].
The variant showed minor evidence for replication (p = 0.01) in our
meta-analysis performed in the five available cervical cancer GWAS
datasets [5,20,21] including the Finnish, Japanese and UK biobanks as
mentioned above. Notably, rs4243652 has up to ten-fold different minor
allele frequencies in Europeans (MAF 0.04), Africans (MAF 0.45) and
Asians (MAF 0.18) and thus might impact cervical cancer risk in a
population-specific manner. The low MAF of the variant in our popu-
lation precluded us from eQTL analyses in our tissue samples, but it is
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predicted to be a strong eQTL in whole blood for the Vasohibin-1 gene
(VASHI) (p = 8.7 x 10E-8) in the GTEx browser, with the risk allele
increasing VASHI levels. Vasohibin-1 is an inhibitor of angiogenesis
under the control of VEGF and FGF2 [30,31]. Levels of VASHI were
reported to be increased in cervical cancers [32], and high levels of
VASH1 have also been observed and correlated with poor prognosis in
head and neck squamous carcinomas, another HPV-associated tumor
entity [32,33]. VASHI is a predicted target for a HPV16 miRNA,
HPV16-miR-H2-1 [34]. No such miRNA is known for HPV18, so that this
HPV type may be more dependent on genomic host factors that regulate
VASH]. Further studies will be needed to elucidate the specific inter-
action of rs4243652 with HPV18 at the molecular level.

Although the present study did not uncover an increased overall risk
for cervical disease associated with the two tested variants, their po-
tential associations with cervical cancer subgroups deserve attention.
Limitations of our study included the relatively small sample size and
the unavailability of HPV status in most of our population controls
which did not permit a selection for HPV-negativity (“super-controls™)
and could have obscured a stronger effect. While the fact that we were
able to find evidence for both seropositivity variants as likely risk var-
iants for cervical cancer is encouraging, the associations are marginally
significant and do not survive correction for multiple testing of sub-
groups so that there is clearly a need for additional case-control studies
on these variants in cohorts stratified by HPV type.

5. Conclusion

Cervical cancer is the paradigm for a virally induced cancer, with
disease severity and progression attributed to the viral load, host im-
mune response, lesion persistence and infection recurrence. In the pre-
sent study, we link HPV16- and HPV18-specific seropositivity loci at
6p21.32 and 14q24.3, respectively, with disease risk of cervical cancer
and provide some evidence for the HPV16-associated variant to act
through HLA-DRBI1. Our data indicate the existence of novel cervical
cancer susceptibility loci that can be specific for HPV16 or HPV18 and
warrant further investigation in cohorts with HPV-induced cancer.
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