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SPECIAL ARTICLE

The Significance of Human
Papillomaviruses in Head and Neck
Cancer Development

ABSTRACT

Head and neck cancers (HNC) are a heterogeneous group of diseases.
Histopathological, these are head and neck squamous cell carcinoma (HNSCC)
epithelium of the skin, mucosa of the upper aerodigestive tract, pharynx and larynx.
HNSCC is the fifth leading cause of cancer worldwide. The mostimportant risk factors
are alcohol and smoking. In the recent years, the studies have been conducted in
order to prove the role of HPV in HNSCC carcinogenesis. The prevalence of HPV
in HNSCC is 30%. HPV is often detected in biological materials of males. People
with HPV positive HNSCC respond better to treatment and have a better treatment
outcome than patients with no proven HPV. In the future, HPV should be the marker
that will influence the choice of therapy in patients with HNSCC, but also the factor
that will indicate the outcome of this malignancy in the human population.
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Introduction

According 1o the modified Borst's definition , Tumor is
local, atypical, autonomous and confinual growth tis-
sue“.! Head and Neck cancer (HNC) are heterogeneus
group of diseases. Histopathologically, these are head
and neck squamous cell carcinoma (HNSCC) epithelium
of the skin, mucosa of the upper aerodigestive tract, phar-
ynx and larynx.*HNSCC is the fifth leading cause of can-
cer worldwide 3 It is estimated that the annual occurrence
of HNSCC is around 560.000 new cases, with the deadly
outceme of 301.000 peeple.? In recent decades, the risk
of HNSCC has increased in developing couniries.” In the

Unitated States (US), the increased incidence of HNSCC
among young pecple, men and whites was recorded.6,7
According to SEER Database (Cancer statistics rewiew
1975-2010),° the illness rate in white and black women
and men during 2010was 10.79:100.000, while the mor-
fality was 2.47:100.000. HNSCC is more frequent in old-
er men (>65 yeras of age), and it ofien affecis pharynx,?
tongue and tonsils.s

Human Papillomaviruses and HNSCC
Various factors are included in etiopathogenesis of the
head and neck carcinoma. In 75%, the mosi important
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risk factors are aleohol and smoking (over 20 cigaretas
perday).” In recent years, studies referring to the involve-
ment of HPV in HNSCC pathogenesis, have been con-
ducted.®

HPVs are a group of double siranded, nonenveloped
DNA viruses. HPV genome is consisted of circular DNA
with the length of 8ccobp. It is divided inio: E region
(early) with gene for E6 1 E7 oncoproteines, E2 transerip-
tional factor, helicasa gene E4,E5, E11 E2 genes; L region
(late) which encodes capsid proteins L1 1 L2; LCR (long
control region) for viral replication and gene expression
(Figure 1.).

Figure 1. HPV genome (taken from Hadzisejdi¢, Ita, Magda-
lena Grce, and Blazenka Grahovac. “Humani papiloma virus
i karcinom cerviksa: mehanizmi karcinogeneze, epidemi-
ologija, dijagnostika i profilaksa.” Medicina Fluminensis 46.2
(2010): 112-123.
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There are more than 150 HPV types grouped in low (6,
11, 40, 42, 43 1 44) and high (16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, 66 1 68) risk viruses. HPV is a virus that
causes hyperplastic, papilomatosis and mamilla chang-
es on squamos epithelium of skin and mucosa.olt can be
present 1n healthy oral mucesa. HPV 1s well established
cause of cervical cancer,? and due to the similarity of mu-
cosa of anogeniial and oropharngeal tissue, 1t 1s based on
correlation between HPV and HNSCC.

In high-risk HPV infection, E6 and E7 oncogenes cause
degradation of p53 and retinoblastoma (Rb) tumor sup-

presor genesinducing genomic instablity, reducing the
cell's ability to respond 1o cell proliferation and DNA
damage, leading to genetic instability so that they inter-
fere with controlling spots of cell cycle and hence they
prevent apopiosis, causing the futher mutation accumu-
laticn and the absence of DNA reparation. The low-risk
types of HPV display a low affinity towards domestic su-
pressing genes so these infections are self-limiting and
without consequences.+

The prevalence of HPV in HNSCC 1s around 30%. This is
the consequence of different geographical sites, sample
gize, dief, sexual bahaviour, various defection techniques
for HPV. A variability in detection of HPV can be the re-
sult of different sampling methods such as biopses, oral
rinses, scrapes, fresh tissue or formalin-fixed parrafin
embedded tissue (FFPE).4

Gillison and colleaguesiofound HPV in 25% of HNSCC,
with the most comon type being HPV 16. Patients with
HPV-positive tumours had betier survival rate compared
to people with HPV-negative tumours. The clinical and
histopathological presentation of HPV positive was dis-
finct compared to HPV-negafive cancers. HPV-positive
cancers were characterized by lower tumor size,non-
keratinizing and poor tumor differentiation.1o

Oral and oropharingeal squamous cell cancers are the
sixth most common malignancy worldwide. The major
incidence rate was shown in India and Southeast Asia
due 1o the risk factor betel quid-chewing. * During 2008,
around 400.000 patienis with orofacial cancer was regis-
tered, with the deadly outcomeof 223.000." Study which
included 23 countries showed the highest incidence of
oropharyngeal cancers in France, Slovakia and the Unit-
ed Kingdom.

Inrecent years, theincidence of HPV-positive oropharyn-
geal cancers is increasing, buf is decreasing for other
head and neck cancers.’? Resulis from the study conduct-
edin the US showed that theHPV type 16 was the leading
cause of oral infection.’? The fact was that the number
of HPV-positive cancers increased in pafienis who had
denied the alcohel and iobaceo consuption.?

According to Kreimer et al.'s, the incidence of HPV in
HNSCC was 23.5% for oral cavity cancer, 24% for laryn-
geal cancer, where in the cancer prevalence was similar
in both sexes. Murray et al.* found the HPV to be more
common in precancerous lesions (leukoplakia, lichen,
efc.). Murray et. colleagues® detected HPV in 25% of pa-
tients with oropharyngeal cancers, while the study from
Asia confirmed the incidente of oral cavity carcinoma
fo be 66%-100%.° This leads us ¢ the conclusion that
combination of HPV, dietary habits and genefic predis-



posifion leads 1o formation of malignancies.The results
of these studies differ from the data obiained by the re-
search in South Africa, where the incidence of HPV-posi-
tive oral cavity cancer ranged from 0% to 11.0%.2

In theirmeta-analysis, Termine and colleaguess reported
that the prevalence of HPV in the oral cavity carcinoma
was 38.1%, the result which was reached by the analysis
of 47 studies that included analysis of samples for 3583
patients worldwide.

In recent vears, number of base tongue and tonsilas-
cancers isincreasingm, and in more than 70% of cases is
more common in men.The decrease in smoking tenden-
cy is found among these pafients too.® Kreimer et ali3
reported that the prevalence of HPV in oropharyngeal
cancer in North America was 47%, 46% 1n Asia and 28%
in Eurnpe.This diversity can be linked to the method of
sampling, method for HPV detection in biclogical ma-
terial, but it depends on anatomical localization of the
sample. It has beenproven that HPV is detected in fresh
tissue in significantly higher percent then infissues em-
bedded in paraffin.« DNA of tissues embedded in paraffin
are eventually fragmented, and in such condition, it is
difficult to prove 1. Therefore, it 1s recommended to use
tissue embedded in paraffinfor five years the most. In or-
der to aveid errors in the analysis rate of HPV prevalence
for head and neck tumors, it is important to know the
anatomical part the fissue samples originate from. In the
study conducted in Slovenia on the sample of 62 patients,
in which the presence of HPV was proven in 8.4% of pa-
tients, the detection was performed by Polymerase chain
reaction(PCR) from paraffin blecks.!®* PCR methed can
not determine whether HPV is integrated into the human
genome or in episomal form. Therefore, Reverse tran-
scription polymerase chain reaction (RT-PCR), which
indicates the activity of the virus,should be performed
i confirm its association with malignant alteration of
cells.* This is technically demanding and time-consuming
method, which 1s why HPV is often detecied with con-
ventional PCR methods and nested PCR. Often, this is
the reason for false-positive results and there is a risk of
contamination with HPV from the surrounding healthy
tissue. Following types of HPV: 2, 6, 7, 11, 13, 16, 18, 31,
393 and 35 were discovered in healthy oral cavity mucous.
Significance of HPV presence in healthy mucesa is un-
known for now. 24 different HPV types - 1, 2, 3, 4, 5, 6,
7, 10, 11, 13, 16, 18, 31, 32, 33, 35, 39 , 45, 51, 52, 55, 56,
57, 58, 59, 66, 60, 72 and 73 were detected in benign and
malignant head and neck lesions.*®

It has already been noted that, in the last 20 years, the
incidence of the oral cavity and oropharyox cancer has
increased, while the irend of smoking has decreased. Due
i the above mentioned, the studies were conducted in
order 1o confirm the link between tobacce and HPV with
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HNSCC. The increased incidence of oral cancers, usually
in men younger than 60 years, who did not belong tothe
group of high risk patients was noted,” which could be
linked to the change of sexual behavior.

HPV in HNSCC is an important prognostic marker that
can indicate the outcome of ireatment. Regardless to in-
terdisciplinary approach to treaiment, the moriality rate
fot this disease has not changed for the last 40 years.
According to some studies, five-year survival ranges from
40% 1o 50%.% Therefore, in the future, HPV may be the
factor that influences the choice of therapy. There is also
a new RNA-scope test, HPV test fechniques and in situ
hybridization, which detects E6 / E7 mRNA of up to 18
high-risk types. This test is not for the clinical use. There
is a correlation among p16 expression and HPV positive
oropharyngeal cancer. However, according to some au-
thors, p161is not reliable to be specific for the oncogenesis
caused by HPV.

Conclusion

Currently, HPV is the most important eficlogical cause of
cervical cancer, but this has not been proven for HNSCC
vet.Regardless of this, in the future, HPV should certainly
be the marker that will affect the choice of therapy in pa-
tients with HNSCC, and alse the facior that will indicaie
the cuicome of this malignancy in the human population.
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Znacaj humanih papiloma virusa u nastanku
karcinoma glave i vrata

SAZETAK

Karcinomi glave i vrata su heterogena grupa oboljenja. Histopatolo$ki, to su planocelularni karcinomi plo¢asto slojevitog epitela
(engl. HNSCC) koze glave i vrata, sluznica gornjeg aerodigestivnog trakta, farinksa i larinksa. HNSCC je peti najcesci maligni
tumor kod ljudi Sirom svijeta. U najve¢em broju slu¢ajeva HNSCC se dovodi u vezu sa konzumacijom alkohola i duvana.
Poslednjih godina radena su istrazivanja Ciji je cilj bio dokazati ulogu humanih papiloma virusa (HPV) u karcinogenezi HNSCC.
Prevalenca HPV-a u HNSCC je oko 30%. HPV je CeSc¢e detektovan u bioloSkom materijalu osoba muskog pola. Osobe sa HPV
pozitivnim HNSCC bolje reaguju na terapiju i imaju povoljniji ishod lijeCenja u odnosu na pacijente kod kojih nije dokazan HPV.
U buducnosti, HPV treba da bude marker koji ¢e uticati na izbor terapije kod oboljelih od HNSCC, ali i faktor koji ¢e ukazati na
ishod ovog malignoma kod pacijenata.

Kljuéne rije¢i: HPV, karcinom glave i vrata, dijagnostika



