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Oropharyngeal squamous cell carcinoma (OPSCC) is
associated with human papillomavirus (HPV). HPV-positive
OPSCC is considered a distinct molecular entity with a better
prognosis than HPV-negative cases of OPSCC. However, the
exact pathogenic mechanisms underlying the differences in
clinical and molecular behavior between HPV-positive and
HPV-negative OPSCC remain poorly understood. Epigenetic
events play an important role in the development of cancer.
Hypermethylation of DNA in promoter regions and global
hypomethylation are 2 epigenetic changes that have been
frequently observed in human cancers. It is suggested that
heterogeneous epigenetic changes play a role in the clinical
and biological differences between HPV-positive and HPV-
negative tumors. Unraveling the differences in methylation
profiles of HPV-associated OPSCC may provide for promising
clinical applications and may pave the road for personalized
cancer treatment. This systematic review aims to assess the
current state of knowledge regarding differences in promoter
hypermethylation and global methylation between HPV-pos-
itive and HPV-negative OPSCC.

Background

Epigenetic alterations refer to heritable changes in genes
expression that occur without changes in the underlying DNA
sequence.”* Methylation of DNA is an epigenetic modification
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and can occur at sites where cytosine is followed by guanine
(CpG dinucleotide). Epigenetic regulation plays a central role in

embryogenesis and cell type differentiation.?®

Hypermethylation
of CpG dinucleotides, particularly in promoter regions, and
global hypomethylation are both frequently observed in human
cancer. Promoter hypermethylation (further denoted “promoter
methylation”) of tumor suppressor genes is the best character-
ized epigenetic change and leads to transcriptional silencing of
the gene.”” In cancer, gene silencing by promoter methylation
may occur even more frequently than structural inactivation of
genes by mutations.*® In contrast to genetic events, DNA meth-
ylation is reversible and, therefore, an attractive target for new
therapeutic strategies.!” The effect of genomic hypomethylation
is less clear. It is thought to contribute to chromosomal instability
and to activate the expression of proto-oncogenes.>”!!

Head and neck squamous cell carcinoma (HNSCC) is the
sixth leading cancer in the world with a reported incidence
of over 600000 new cases a year. Traditional risk factors for
HNSCC are excessive alcohol and tobacco consumption. In the
last decades, preventive strategies targeting these risk factors have
resulted in a significant decline in the incidence of HNSCC. The
greatest decrease was observed in the incidence of carcinomas
of the larynx and hypopharynx. In contrast to these promising
figures, the incidence of oropharynx squamous cell carcinoma
(OPSCCQ) is currently increasing, particulatly in young patients
without a history of smoking or excessive alcohol consumption.
This absence of traditional risk factors suggests the involvement
of an additional risk factor.”' During the past years, human
papillomavirus (HPV) has been identified as an additional inde-
pendent risk factor for the development of HNSCC, particularly
OPSCC. HNSCC testing positive for HPV, in particular HPV

type 16, is considered a distinct molecular and clinical entity
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with a better response to radiotherapy and overall survival when
compared with HPV-negative cases of HNSCC.®" One of the
most important pathogenic mechanisms underlying these differ-
ences in clinical behavior pertains to the inactivation of tumor
suppressor gene p53. In HPV-negative tumors inactivation of p53
is mainly due to mutations in the gene, whereas in HPV-positive
tumors, inactivation of p53 occurs through oncoprotein EG6, leav-
ing the gene functionally intact.'®%°

Therefore, wild type p53 can potentially be re-activated after
irradiation, causing apoptosis of tumor cells. Cell line studies
have recently proven that this pathway results in the improved
outcome of HPV-positive OPSCC.?! In addition, studies inves-
tigating gene expression in HPV-positive and HPV-negative
HNSCC show distinct transcriptomic patterns, which might
be partly due to viral E6- and E7-mediated alterations in the
genome and epigenome.”?” One group of different expressed
genes is that of DNA methyltransferases, involved in regulation
of DNA methylation.?®*

Differences in methylation profiles between HPV-positive
and HPV-negative OPSCC have been explored in many studies,
though most promoter methylation studies have evaluated only a
limited number of genes and did not focus on solely the orophar-
ynx. This is important as HPV has a distinct association with the
oropharynx. A few studies reported epigenome-wide analysis of
DNA methylation in HPV-positive and HPV-negative HNSCC.
In order to summarize current knowledge regarding differences
in methylation profiles between HPV-positive and HPV-negative
OPSCC, we conducted a systematic review aimed at delineating
future research directions. Evidence provided by this review could
enhance characterization of methylation profiles of HPV-positive
and HPV-negative OPSCC and may thus lead to the introduc-
tion of new biomarkers in the light of personalized cancer care.

Results

Search results

Combined PubMed, Embase, and Cochrane searches retrieved
399 unique articles (Fig. 1). After screening titles and abstracts,
28 articles remained. The remaining 28 articles were retrieved in
full text for formal review. Seventeen articles met the inclusion cri-
teria and were eligible for further analysis.?®** The main reasons
for exclusion were duplicates and studies not investigating cor-
relation between HPV status and methylation status in OPSCC.

Study characteristics

The number of patients included for methylation analysis across
all studies varied from 5 to 350. Four studies dealt with OPSCC
only.?#33444 Tn other publications studying overall HNSCC,
OPSCC subgroup size ranged from 9% to 80% of the total study
population.??32%-%> There was only one study that reported the
distribution of average age, nicotine and alcohol consumption
between HPV-positive and HPV-negative tumors of which pro-
moter methylation was evaluated.’ The mean age in HPV-positive
tumors was 56.9 compared with 58.4 in HPV-negative tumors.
In the group of HPV-positive tumors, 38% of the patients had
ever smoked in comparison with 62% of HPV-negative tumors.
Excessive alcohol consumption was more frequent in the patients
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with HPV-negative tumors (62% vs. 10% in HPV-positive
tumors). Eight studies detected methylation in HPV-positive and
HPV-negative primary tumors using formalin-fixed paraffin-
embedded (FFPE) specimen.?®?*32:34374% Six used fresh frozen
(FF) tissue or both.>*#41-4 Three scudies did not report used mate-
rial.>*3%% The majority of studies used polymerase chain reaction
(PCR) to detect HPV 16 DNA. Three studies***"** used PCR and
immunohistochemistry (IHC) and Poage et al. used multiplex
serology.®® Sartor et al. did not describe their method to detect
HPV DNA.“ There was a wide variation in percentage of HPV
positivity between studies ranging from 7% to 56%. The stud-
ies used varying techniques to determine gene methylation; most
studies used methylation-specific PCR (MSP), while other studies
used combined bisulfite restriction analysis (COBRA),** pyro-
sequencing analysis (PMA),*** bead array method (BAM),?344
or quantitative MSP (qMSP).>**4* Thirteen studies evaluated
promoter methylation in selected genes in association with HPV
status. 283133374144 Three studies investigated global methylation
in association with HPV status.’>**% One study examined both
promoter methylation and global methylation, in association with
HPV status.*” Promoter methylation was interpreted differently
among studies. Several studies used a methylation cut-off point to

42,43

determine hypermethylation,** while others compared methyla-

tion percentages or mean methylation differences percentage.?>*
Some studies compared the tumor methylation with methylation
status of adjacent normal tissue.”® Most studies did not mention
how methylation was interpreted.***! The main features of the 17
studies eligible for systematic review are summarized in Table 1.

Gene promoter methylation and HPV-status

A summary of genes with promoter methylation values show-
ing significant differences between HPV-positive and HPV-
negative tumors among included studies is shown in Table 2.

Four studies investigated promoter methylation status in cor-
relation with HPV in OPSCC.*#33344  Bennet et al. explored
promoter methylation in 5 selected genes (/RX1, EBF3, SLC5AS,
SEPTY, and FUSSELIS) in a group of 16 OPSCC.* No statistical
difference was found in promoter methylation for these 5 genes
between the HPV-positive and HPV-negative tumors. Gubanavo
et al. hypothesized that better response to chemotherapy and
radiotherapy in HPV-positive OPSCC may be due to the ability of
cancer cells to respond to DNA damage.*® An important protein
in DNA damage response is SMG-1. Methylation status of SMG-1
was investigated in 3 HPV-negative and 2 HPV-positive OPSCC.
The mean prevalence of promoter methylation in HPV negative
lesions was 5% and in HPV-positive lesions was 43%. The study
of Kostareli et al. investigated genome wide promoter methylation
in a cohort of 15 OPSCC.#* OPSCC positive for DNA and RNA
of HPV were considered as HPV-positive. Promoter methylation
levels of 15 genes (ALDHIA2, FKBP4, GDNF, OSR2, PROXI,
WIF1, BDNF, EOMES, GATA4, GFRAI, GRIA4, HOCAI3,
IRX4, SOX1, and TBX5) were significantly different between
HPV-positive and HPV-negative OPSCC. Methylation status of
5 genes (ALDHIA2, OSR2, GATA4, GFRA4, and IRX4) was fur-
ther validated in 2 independent cohorts of respectively 85 patients
and 70 patients. Both cohorts consisted of patients with OPSCC
with known HPV status. In both cohorts, promoter methylation
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Pubmed Embase Cochrane
233 citations 357 citations 1 citation
[ Filtering Doubles ]

Exclusion Criteria
« Not human
« Noton patients with

[ Screening Title and Abstract

- OPSCC
- HNSCC including OPSCC

-

« No correlation between HPV and methylation
« Language (Chinese, Japanese)
« Review, opinion paper, poster

Exclusion Criteria

[ Screening Full Text

Not on patients with OPSCC included (2)

] « No correlation HPV and Methylation (6)

Not on DNA methylation (2)
Poster presentation (1)

Figure 1. Flowchart of included and excluded studies.

of the 5 selected genes were significantly different between HPV-
positive and HPV-negative tumors. Lechner et al. evaluated pro-
moter methylation status of individual CpGs in 32 OPSCC,
which were validated in cell lines and samples using 2 different
analysis methods.*® HPV-positive tumors showed significantly
more hypermethylation, most prominently at promoter regions.
Promoter methylation was found in 43 genes according to 3 data
sets including cadherin genes.

Nine articles studied promoter methylation status in correla-
tion with HPV status in HNSCC. All 9 included the oropharynx
as a subsite.?3"9374-6 Colacino et al. included 68 HNSCC tumor
samples of which 47% was obtained from the oropharynx.? DNA
methylation was measured at 1505 CpG sites across 807 genes
and correlated with HPV status. Promoter methylation in 13
CpG sites was significantly associated with HPV status: CCNAL,
GRB7, CDH11, RUNXITI1, SYBLI, and TUSC3 were found to
be more frequently methylated in HPV-positive tumors. SPDEF,
RASSFI, STAT5a, MGMT, ESR2, JAK3, and HSD17D12 were
hypomethylated in HPV-positive tumors. Dong et al. investigated
promoter methylation of RASSFIA in 46 HNSCC samples and
found a significant inverse correlation between RASSFIA pro-
moter methylation and HPV positivity comparable to the results
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of Colacino et al.*** The study of De Freitas Coreidro-Silva et
al. included 45 oral cavity and oropharyngeal SCC of which
9% derived from oropharynx with low HPV prevalence.®! Four
genes (CDKN2A, EDNRB, RUNX3, and SFN) were selected for
determining their promoter methylation status. No association
was observed between promoter methylation and HPV status.
O’Regan et al. evaluated promoter methylation of CDKN2A in
association with HPV status in a cohort of 24 oral cavity and
oropharyngeal SCC.%” No correlation was found between HPV
status and promoter methylation, concurrent to the results of pre-
vious studies.’®3" A third study by Taioli et al. also investigated
promoter methylation of CDKN2A in a study population of 88
oral cavity and oropharyngeal SCC. No correlation was observed
between HPV status and promoter methylation status.” However,
it was remarkable that all of the CDKN2A promoters of HPV-
positive tumors were not methylated. Methylation of 2 other genes,
MGMT and RASSF, were simultaneously analyzed in the same
study. For both genes no association was found between HPV sta-
tus and promoter methylation, in contrast to the results of Dong
et al. and Colacino et al.?** The study of Marsit et al. (2006)
was the largest study with 350 patients with HNSCC of which
25% derived from oropharynx.* Methylation of 4 soluble frizzled
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Table 1. Characteristics of studies included in research analysis

. Tumor location . HPV detecting HPV-positive
Year Country | Firstauthor N (% OPSCC) Material method %) Method | Outcome
2010 USA Bennett?® 16 Oropharynx FFPE PCR (E6) 56 COBRA PH
2013 USA Colacino® 68 HNSCC (47) FFPE PCR (E6) 35%¥** BAM PH
2003 USA Dong?* 46 HNSCC (57) NA PCR (E6,E7) 35 MSP PH
Freitas Oral cavity and
2012 Brasil Cordeira- 45 Y FFPE, FF Nested PCR 7 MSP PH
. oropharynx (9)
Silva®'
2008 USA Furniss3? 193 HNSCC (NA) FFPE PCR (L1) 24 COBRA GM
2013 Sweden Gubanova* 5 Oropharynx NA PCR (L1, E6, E7) 40 qMSP PM
2013 Germany Kostareli* 170* Oropharynx FF PCR 25 qMSP PM
2013 UK Lechner?* 32 Oropharynx FFPE IHC, gPCR (E6) 56 BAM PM
2006 USA Marsit® 350 HNSCC (25) FFPE PCR(L1) 19 MSP PM
2008 USA Marsit3® 340 HNSCC (25)%** FFPE PCR(L1) 26 MSP PM
, Oral cavity and
2008 USA O’Regan®’ 24 FFPE PCR(L1) 42 MSP PM
oropharynx (46)
2011 | Germany |  Poage 138 HNSCC (20)* * FF Multiplex 12 PMA GM
serology E6
2009 USA Richards® 26 HNSCC (31) NA PCR (E6) 31 PMA GM
o | usa | s | 2| omcamyand | P A s sAM | P
46 y NA NA 40 NA GM
oropharynx (NA)
L Oral cavity and IHC, Nested PCR
41
2009 USA Taioli 88 oropharynx (43) FF (GP54/64) 24 MSP PM
2011 Germany Weiss* 55 HNSCC (78) FF.FFPE PCR (E6, E7) 46 gMsP PM
2013 Germany Weiss* 34 HNSCC (80) FF, FFPE | IHC, PCR (GP5+/6+) 44 MSP PM

N, number of patients studied; NA, not available; FFPE, formalin-fixed paraffin embedded; FF, fresh frozen; IHC, immunohistochemistry; COBRA, com-
bined bisulfite restriction analysis; BAM, Bead array method; MSP, methylation specific polymerase chain reaction; gMSP, quantitative methylation specific
polymerase chain reaction; PMA, pyrosequencing analysis; PH, promoter hypermethylation; GM, global methylation. *Initial screened in 15 samples and
validated in two larger cohorts. **Tumor site pharynx not further subdivided. ***HPV-positive includes also HPV 18, 35, and 59.

receptor protein (SFRP) genes was determined. Methylation of
SFRP4 was found to be significantly associated with HPV sta-
tus. In another study, Marsit et al. (2008) found no association
between promoter methylation of cadherin 1 type 1 (CDHI) and
HPV status in a cohort of 340 HNSCC patients.*® Weiss et al.
(2011) studied promoter methylation of 12 genes (77MP3, CDHI,
CDKN2A, DAPK1, TCF21, CD44, MLHI, MGMT, RASSFI,
CCNAIL LARS2, CEPBA) in a cohort of 55 HNSCC, mostly
derived from oropharynx.” HPV-positive tumors showed sig-
nificant promoter methylation of CCNAI and TIMP3. Promoter
methylation patterns of MGTMT and RASSFI showed no corre-
lation with HPV status, comparable to the results of Tailoli et al.
but in contrast to Dong et al. and Colacino et al.?**#! The second
included study by Weiss et al. (2013) evaluated 7CF2! promoter
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methylation in 34 HNSCC of which 80% derived from orophar-
ynx.* Promoter methylation frequency of 7CF21 was found to be
higher in HPV positive tumors, although results from multivari-
ate analysis were not statistically significant.

Four studies investigated correlation of gene promoter meth-
ylation and clinical outcome.?”3¢4"4 Kosterali et al. found HPV-
related promoter methylation state of 5 genes (ALDHIA2, OSR2,
GATA4, GFRA4, and IRX4), which correlated with progression
free survival (PSF) and overall survival (OS) in OPSCC. A scor-
ing system was developed, ranging from 0 to 5 where the favor-
able prognostic pattern scored 1 per gene and the unfavorable
pattern scored 0 per gene. A score ranging from 3 to 5 correlated
with a good clinical outcome and a low score of 0 to 2 correlated
with worse outcome. The first line of therapy was 73% surgery,
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Table 2. Genes with DNA promoter methylation values significantly associated with HPV status of tumor in included studies

Hallmark* Gene locus Gene function Hypermethylated in Pvalue Reference
(1) Sustaining .

. - . P<0.01 Weiss ‘11
prollfgratwe CCNA1 139q13.3 Regulator Cell cycle HPV-positive P <0.05 Colacino
signaling

GRB7 17912 Regulator cell growth HPV-positive P <0.001 Colacino
and migration
P<0.05 Colacino
. . P <0.05 Dong
RASSF1 3p21 RAS pathway regulation HPV-negative NS Weiss 11
NS Taioli
STAT5a 17911.2 St|mulatmg'prohferanor.\ HPV-negative P<0.05 Colacino
and preventing apoptosis
Regulates synthesis of retinoic
ALDH1A2 15922.1 acid; major role in regeneration HPV-negative P <0.001 Kostareli
and differentiation
Mediates expression
OSR2 8q22.2 . of dovynstream qenes. HPV-negative P <0.001 Kostareli
involved in cell proliferation
and the cell cycle
(2) Activating
invasion and SYBL1 Xq28 MT1 MMP depen.dent HPV-positive P<0.05 Colacino
- matrix degradation
metastasis
SPDEF 6p21.3 Enhance cell motility, HPV-negative P <0.05 Colacino
invasion, and growth
2q12.1- Inhibition of tumor growth . -
TIMP3 4132229123 and angiogenesis HPV-positve P <0.05 Weiss ‘11
SFRP4 7p14.1 WnT pathway antagonist HPV-positive P <0.05 Marsit
CDH11 16q22 Cell-cell adhesion HPV-positive P> 0.05 Colacino
(3) Genome Guanine alkylation P <0.05 Colacino
instability and MGMT 10926 ) yiatiol HPV-negative NS Weis'11
. repair/ DNA repair s
mutation NS Taioli
(4) Resisting ESR2 142322 Positive regulation of HPV-negative P <005 Colacino
cell death apoptotic process
(5) Tumor . .
promoting JAK3 19p13 R Cytokine refeptor medlate'd HPV-positive P <0.05 Colacino
. ] intracellular signal transduction
inflammation
(6) Deregulating HSD17B12 1p11.2 E1/E2 conversion, fatty HPV-negative P<0.05 Colacino
cellular energetics acid elongation
TUSC3 8p22 Regulating glycosylation HPV-positive P <005 Colacino
efficiency
(7) Evading .
growth RUNX1T1 8q22 Interact V\{Ith. DNA-bound HPV-positive P<0.05 Colacino
transcription factors
suppressors
. L -, P < 0.05* Weiss ‘13
TCF21 6q23-q24 Cell fate Differentiation HPV-positive NS Weiss 11
Interaction with " .
IRX4 5p15.3 . HPV-positive P <0.001 Kostareli
vitamin D receptor
GATA4 10926.11 Promote cell differentiation HPV-positive P <0.001 Kostareli
GFRA1 10926.11 Activation of the RET HPV-positive P <0.001 Kostareli
tyrosine kinase receptor

NS, not significant; *significant in univariate analysis.

22% a combination of radiotherapy and chemotherapy and, in
5%, unknown. This methylation signature score was validated
and confirmed in 2 independent cohorts, independent of treat-
ment and HPV status.* Taioli et al. studied the methylation of 3
tumor suppressor genes in correlation with OS and tumor recur-
rence in oral and pharyngeal cancer. Most patients had surgery
(50%) or surgery in combination with radiotherapy (44.3%) as
initial therapy. MGMT promoter methylation was found to be
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significantly associated with poorer outcome, indicating that
MGMT may serve as a prognostic biomarker.* In the multivari-
ate analyses adjustments were done for treatment. Colacino et al.
investigated methylation at individual CpG sites in correlation
with 3 y OS. From included patients, 45% received a combina-
tion of radiotherapy and chemotherapy and 21% underwent addi-
tional surgery. Notch I was found to be the strongest predictor for
improved survival in this study.”” Marsit et al. (2008) reported
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that hypermethylation of CDHI was an independent predictor for
improved OS in HNSCC. Treatment of the patients in this cohort
was not reported.*

Global DNA methylation and HPV-status

Four studies investigated global DNA methylation in cor-
relation with HPV status in HNSCC including the orophar-
ynx.>*34 Furniss et al. studied global methylation status in
193 HNSCC using the relative methylation status of long inter-
spersed repeat sequences (LINE-1) retrotransposon (LRE1L).*
Unfortunately, Furniss et al. did not report tumor location in
studied HNSCC; therefore, the percentage of oropharynx car-
cinomas is unclear. HPV presence showed no association with
methylation of LREIL. The study of Richards et al. evaluated
global methylation represented by levels of LINE-1 methylation
in 26 HNSCC, of which 31% derived from the oropharynx.’
HPV-positivity showed a positive correlation with normal level of
LINE methylation. Sartor et al. studied differences in methyla-
tion patterns between HPV-positive and HPV-negative tumors in
49 oral cavity and oropharynx SCC in comparison with 4 cell
lines (2 HPV-negative OPSCC, 1 HPV-positive OPSCC, and 1
cervix carcinoma).’ Overall, HPV-positive tumors showed signif-
icantly higher levels of CpG island methylation in tested samples
compared with HPV-negative tumors. Unfortunately, differences
in methylation patterns of promoter regions in investigated genes
between HPV-positive and HPV-negative SCC were not reported
for primary tumors. Another cohort of 34 oral cavity and oro-
pharynx SCC was evaluated for global methylation using LINE-1
elements. In line with results from Richards et al., there was a
significant association between HPV-positive tumors and higher
levels of LINE-1 methylation elements.?” In the study of Poage et
al., global methylation of 138 HNSCC was assessed by pyrose-
quencing of LINE-1 and Aluyb8 elements, and by luminometric
methylation assay (LUMA).?® The HPV prevalence was low in
this study and 20% of HNSCC was derived from the pharynx.
The exact amount of oropharyngeal tumors in this study was not
reported. HPV status showed a significant correlation with an
increase in methylation of LINE-1 elements as reported in previ-
ous studies and with LUMA methylation. Results of the 4 studies
are summarized in Table 3. Only Furniss et al. investigated the
correlation between global methylation and clinical outcome. A
poorer survival was found (£ < 0.07, not significant) among HPV-
negative individuals with lower LRE1 methylation. There was no
association with survival and LREI methylation in patients with
HPV-positive tumors. The distribution of various therapies was
not mentioned.*

Discussion

Epigenetic events are important in carcinogenesis of head and
neck squamous cell carcinoma.® Unraveling the role of epigenetics
in HPV-positive and HPV-negative OPSCC is vital for a better
understanding of differences in clinical behavior and carcino-
genesis between both tumors as well as identification of poten-
tial biomarkers for treatment and prognosis.“* Additionally, it
will result in better classification of patients with OPSCC and
different treatment of HPV-positive and HPV-negative tumors.
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Table 3. Global measures of methylation in association with HPV status

Study Method Hypomethylated in P value

Furniss et al.?? LRE1 HPV-negative NS
Richards et al.® LINE-1 HPV-negative P <0.05
Sartor et al.*° LINE-1 HPV-negative P<0.01
Poage et al.* LINE-1 HPV—negat?ve P<0.05
LUMA HPV-negative P <0.05

LINE-1, long interspersed nucleotide elements; LUMA, luminometric meth-
ylation assay; NS, not significant.

We systematically reviewed the literature for studies assessing the
association between promoter methylation or global methylation
and HPV status of OPSCC. To our knowledge, this is the first
systematic review to determine differences in methylation profiles
between HPV-positive and HPV-negative OPSCC.

Gene promoter methylation and HPV-status

Hypermethylation of promoter region is an important mecha-
nism for gene silencing and thought to be an early event in car-
cinogenesis.” Several tumor suppressor genes in HNSCC are
identified to be frequently hypermethylated. These methylation
patterns persist and usually increase during disease progression
which makes them a suitable tool to obtain predictive or prog-
nostic information.*® The first striking point of our search was
the sparseness of literature studying promoter methylation of
OPSCC in correlation with HPV status. Only 4 studies inves-
tigated promoter methylation of individual genes in a study
population of only OPSCC,*333444 which is known to be associ-
ated with HPV."'¢ Because of the lack of studies investigating
promoter methylation in association with HPV status in solely
OPSCC, we decided to include studies investigating this associa-
tion in a mixture of subsites in head and neck regions, including
the oropharynx. Thirteen extra articles were included®-*%-4
of which 9 studied promoter methylation in individual
genes 2313374143 Although numerous genes have been inves-
tigated, only the genes CCNAI, RASSFI, TCF21, CDHI, plI6,
and MGMT were analyzed in two or more studies. Promoter
methylation of CDHI and pl6 showed very similar results and
was not associated with HPV 16 in all studies investigating those
genes>30374142 Noteworthy, 2 studies investigating promoter
methylation of p16 showed no methylation of p/6 in any of the
HPV-positive samples,”*! which is in line with overexpression of
p16 in HPV-positive tumors.” Both studies investigating CCNAI
showed similar results, despite differences in analysis method and
small sample size, suggesting promoter methylation of CCNAI
might be induced by HPV 16.2#* Studies examining promoter
methylation of RASSFI, TCF21, and MGMT in association with
HPV status, showed varying resules.?>"¥!4? These variations most
probably result from the differences in sensitivity of the meth-
ods used for methylation analyses and composition of the patient
cohorts. Overall, HPV-positive tumors seem to have a greater asso-
ciation with promoter methylation compared with HPV-negative
tumors. This could be explained by overexpression and increased
activation of DNA methyltransferases DNMT1 and DNMT3b,
which are both key proteins in regulation of DNA methylation.
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These events may be due to suppression of tumor suppressor genes
p53 and retinoblastoma protein (Rb) by HPV oncoproteins E6
and E7.2627°05! However, there was a wide variation in reported
HPV prevalence between studies. In the selected studies, the prev-
alence of HPV ranged from 7% to 56%. These varying results
may be due to geographical and ethnical differences among stud-
ied populations, variation in origin of studied material, as well as
different detection methods. Epidemiological studies have demon-
strated differences in HPV prevalence among countries, reaching
over 90% of HPV-positive OPSCC in Scandinavian countries™ >
Additionally, HPV has a greater association with the oropharynx
than with other subsites of the head and neck region, such as the
oral cavity or larynx.”” Thirteen studies included for review stud-
ied a mixture of subsites in the head and neck region, including
the oropharynx. This variety in localization resulted in a lower
prevalence of HPV-positive tumors. Another important explana-
tion for heterogeneity of results of selected studies is the variation
in used detection methods and examined tissue (Table 1). HPV-
positive DNA does not imply a biologically active virus directly
contributing to carcinogenesis. HPV only plays a role in carcino-
genesis when the viral oncogenes E6 and E7 are expressed.””¢ In
addition, Kosterali et al. showed, with respect to aberrant meth-
ylation changes, that tumors positive for solely HPV DNA were
more similar to HPV negative tumors than tumors positive for
both HPV DNA and RNA. This confirms the importance of E6/
E7 RNA for the carcinogenic process.** A validated algorithm
based on a combination of p16 IHC and GP5+/6+ PCR has the
highest sensitivity and specificity for detection of biological active
HPV in FFPE and is currently considered the golden standard.””
Some, though not all, of the selected studies used this method to
determine HPV status.™** Most studies used PCR methods for
HPV-amplification, which are highly sensitive and may lead to
over identification of the virus. Moreover, the variety in molecular
assays used (each having its own sensitivity and specificity) most
probably contributed to variations in HPV prevalence. In addition
PCR techniques are more efficient on FF than on FFPE, because
fixation leads to shorter DNA fragments.”®

In these combined analyses, genes involved in evading growth
suppression and activating invasion and metastasis were found to
be more frequently methylated in HPV-positive OPSCC com-
pared with HPV-negative OPSCC. HPV-negative OPSCCs were
more frequently methylated in genes involved in pathways of
genome instability and in genes resisting cell death. Limited dif-
ferences in methylation between HPV-positive and HPV-negative
OPSCC could be observed in gene expression and proteome,
because most selected studies did not test the possible effects of
this promoter methylation on gene and protein expression. Better
understanding of these effects of methylation could provide for a
structured framework of the molecular processes of HPV-driven
OPSCC carcinogenesis. Weiss et al. (2011) reported that HPV
positivity showed more methylation of the promoter region of
TCF21 gene with lower TCF21 protein expression levels, indicat-
ing that HPV induces silencing of this gene by promoter meth-
ylation.*> TCF21I is known to regulate cell fate differentiation
through epithelial-mesenchymal transition (EMT), a function
that has been shown to be deficient in carcinomas.”” In contrast,
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the relationship between CCNAI promoter hypermethylation and
protein expression is not fully understood. Several studies showed
no effect of promoter methylation of CCNA! on protein and gene
expression in HPV-positive HNSCC* Surprisingly a strong cor-
relation was found between HPV-positivity and overexpression of
CCNAI protein. This suggests that HPV induces both promoter
hypermethylation and overexpression of CCNAI. However, Sartor
et al. observed hypermethylation and lower protein expression of
CCNAI in HPV-positive cell lines in comparison with HPV-
negative cell lines.” GATA4, GRIA4, and IRX4 showed inversed
correlation with transcription levels, suggesting that HPV induces
promoter methylation and, consecutively, decreases transcription
levels.* GATA4 and IRX4 are related to signaling and metabo-
lism of retinoid, which plays a role in cell differentiation and cell
growth.®! The same inversed relation was found for ALDHIA2
and OSR2, which are also involved in retinoid metabolism and
associated with hypermethylation in HPV-negative OPSCC.?>%
MGMT, a DNA repair protein which protects the cellular genome
against mutagenic actions, is associated with hypermethylation in
HPV-negative HNSCC. According to Srivenugopal et al., MGMT
is downregulated in HPV-positive HNSCC, indicating that this
effect in HPV-positive HNSCC is induced by another mechanism
than promoter methylation.®? Overall, little is known about the
correlation between HPV-related gene promoter methylation and
its effect on gene and protein expression. This exact relationship
is difficult to investigate as epigenetic silencing by methylation on
protein and gene expression is complicated by other alterations
and crosstalk.

Survival

Clinical biomarkers predicting overall survival, disease free
survival or tumor recurrence are vital for the improvement of indi-
vidualized cancer care. The presence of active HPV 16 in OPSCC
is an important predictor for therapy response and survival.®?
However, the exact mechanism underlying this difference in clini-
cal behavior between HPV-positive and HPV-negative OPSCC
remains poorly understood. Epigenetic changes as promoter
methylation and global hypomethylation could be key elements
in this mechanism, in addition to inactivation of p53 by oncopro-
teins E6 and E7. As discussed previously, associations have been
found between HPV status and epigenetic changes as promoter
methylation and global methylation. Additionally, Kosteraly et al.
found HPV-related promoter status of 5 genes, which correlated
with overall survival and progression free survival. The prognos-
tic signature was validated in two external cohorts and appeared
to be a powerful independent predictor for overall survival and
progression free survival in OPSCC. This indicates that promoter
methylation of HPV-related genes may be responsible for differ-
ent clinical behavior of HPV-positive and HPV-negative OPSCC.
Four of these genes, ALDHIA2, OSR2, GATA4, and IRX4, are
involved in retinoid metabolism, suggesting that retinoid acid
may play an important role in carcinogenesis of OPSCC.* Three
other studies investigated promoter methylation and clinical out-
come. However, in these publications the reported associations
did not contain genes with DNA methylation values significantly
associated with HPV status. Also, study populations consisted of
OPSCC and other HNSCC 2?3641
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Recent studies showed the involvement of global hypometh-
ylation in the pathogenesis of HNSCC.”'"!? In cancer, abnormal
demethylation in repetitive elements leads to loss of silencing. No
statistically significant correlation between global methylation and
survival was found in the only study investigating this correlation.*

Global DNA and HPV-status

Four studies investigated the association between global DNA
methylation and HPV-status.*>*4" Frequent hypomethylation of
repetitive elements as LINE-1 is representative for global hypo-
methylation. This is frequently seen in various types of cancer
and is correlated with chromosomal instability.">** Three studies
showed a significant increase in hypomethylation of LINE-1 ele-
ments in HPV-negative tumors,***” while Furniss et al. found no
association between LINE-1 methylation and HPV status.* This
could be explained by differences in use of methylation assay and
study population. Overall, these studies indicate that there is more
maintenance of global methylation and less genomic instability in
HPV-positive tumors. Although the exact mechanism of global
hypomethylation remains poorly understood, there are several
theories explaining how this phenomenon occurs during carcino-
genesis. One of them states that altered regulation of methylation
by DNMTT1 is due to decreased expression or mutation, resulting
in global DNA hypomethylation. Another theory explains global
hypomethylation through overexpression of the splice variant
DNMT3b4, which lacks DNA methyltransferase activity, result-
ing in global DNA hypomethylation.®-*” Any of these hypotheses
could explain differences in global methylation between HPV-
positive and HPV-negative tumors.

Limitations

The results of this systematic review should be viewed within
the constraints of several limitations. First, evidence is sparse and
most studies evaluated few genes without validation and limited
overlap between the genes in the different studies. Second, in only
4 studies the cohorts consisted explicitly of OPSCC. Third, the
investigated genes, used methods for methylation assay and HPV
detection varied between included studies. Fourth, large variations
in interpretation of promoter methylation are reported among
the various studies, which makes it difficult to compare results.
Fifth, all included studies were performed retrospectively with
non-consecutive enrolment of patients. This could potentially lead
to biased estimations of prevalence of studied molecular charac-
teristics. Because of this heterogeneity in methods and analyses,
statistical pooling was not permitted. Hence, no overall promoter
and global methylation levels could be calculated. Only results
derived from the various studies could be used, which resulted in
low statistical power due to the small sample size of most stud-
ies. As mentioned before, quality assessment for molecular stud-
ies are currently lacking and were therefore not performed in
our systematic review. In the future, there is need for sufficient
quality scoring systems for these studies, especially due to the
growing demand for personalized cancer care. As such, specific
molecular characteristics of tumors and biomarkers are used for
clinical decision-making in the treatment of oncologic patients.
In conclusion, according to the current available evidence, HPV
status in OPSCC was found to be associated with hypermethyl-
ation of promoter regions of 21 genes. Promoter methylation of
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13 genes was correlated with HPV-positivity, whereas 8 genes
were hypermethylated in HPV-negative tumors. LINE-1 hypo-
methylation was more common in HPV-negative tumors com-
pared with HPV-positive tumors. These results show that there
are differences in methylation profiles between HPV-positive and
HPV-negative tumors. This suggests that HPV-positive tumors are
to a greater extent driven by methylation alterations in the pro-
moter region than HPV-negative tumors, in which global hypo-
methylation is more frequently observed. Moreover, HPV-positive
tumors showed increased methylation in genes involved in evading
growth suppression and in genes involved in activating invasion
and metastasis. HPV-negative tumors showed this effect in path-
ways of genome instability and in genes resisting cell death. We
advise caution in interpreting these results because of the small
number of candidate genes with overlap and the methodological
differences between studies. Comparison and validation of these
results was thus impaired. For future research we recommend
adequately designed studies with study populations of explicitly
OPSCC, uniform protocols for interpretation of promoter meth-
ylation and validation in independent cohorts to evaluate these
promising results on a larger scale.

Materials and Methods

Search strategy

A systematic search was conducted in the PubMed, Embase
and Cochrane databases for original articles published until 12th
of June 2013. Search terms used were “oropharynx cancer,” “head
and neck cancer,” “epigenetic” and their synonyms in title and
abstract fields (Supplemental Materials). Citations and references
of selected articles and reviews were checked to identify potentially
missed relevant studies. Two authors (P.M.W.K. and R.N.) inde-
pendently screened all titles and abstracts of the retrieved search
for selection using predefined inclusion and exclusion criteria.
Subsequently, full text of relevant studies was screened for a more
detailed selection. If disagreement was encountered a 3rd doctor
would decide on the disagreement.

Study selection

Inclusion criteria

Studies were selected on the basis of (1) full text publication
with detailed description of used methods, (2) original reports
containing data on assessment of DNA methylation status in
oropharynx SCC or HNSCC with subsite oropharynx included,
(3) containing a correlation between DNA methylation and HPV
status of tumors (4) Using primary tumors to identify promoter
methylation, because cell lines have a different methylation pattern
than primary tumors.®

Exclusion criteria

Used exclusion criteria were (1) duplicate articles that contained
all or some of the original publication data, (2) reviews, book chap-
ters, cases reports, editorials, oral presentations, technical notes,
and poster presentations, (3) articles which included subsites other
than head and neck without subgroup analysis.

Data extraction and analysis

Using a standardized data extraction form we extracted
first author, year of publication, sample size, country, detecting
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methods, tumor location, percentage HPV positive tumors, distri-
bution of average age, current nicotine and alcohol consumption

between HPV-positive and HPV-negative tumors, testing mate-

rial and outcome on methylation in association with HPV status

and survival from each study. In addition data on assessment of
methylation status in correlation with HPV status were extracted.
Data extraction was performed independently by 2 authors
(P.MW.K and R.N.), disagreement was resolved by discussion.
No quality assessment with reference to clinical study guidelines

the manuscript.

(random inclusion, etc.) was performed due to the nature of the
included studies.
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