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Abstract

Human papillomavirus (HPV) infection is the most common sexually transmitted disease. It also contributes
significantly to infection-associated human malignancies, including cervical, anal, penile, vaginal, and vulvar cancer
as well as a subset of head and neck squamous cell carcinoma (HNSCC). Despite our extensive knowledge on the
role of HPV in the etiology of cervical cancer, cervical cancer screening, prevention, and clinical management, we
have just begun to appreciate the role of HPV in the tumorigenesis of HNSCC. In this paper, we will review our
current knowledge on the natural history of oral HPV infection in the general population, risk factors for oral HPV
infection, the presence of novel HPV types infecting oral cavity, limitations of existing methods for oral HPV
detection and its application in the clinical setting. Finally, we will also discuss the role of HPV vaccine in preventing
HNSCC.
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Introduction
Human papillomavirus (HPV) is an ancient DNA virus present in

earliest modern humans millions years ago. It is a small non-
enveloped DNA virus with a genome of 8 kb, surrounded by an
icosahedral capsid of 52-55 nm in diameter [1,2]. It encodes nine viral
proteins, 7 early proteins (E1, E2, E4, E5A, E5B, E6, E7) and 2 late
proteins (L1, L2) (Figure 1).

Figure 1: General HPV structure and viral protein function. Human
papillomavirus encodes nine viral proteins, seven early proteins
(E1, E2, E4, E5A, E5B, E6, E7) and two late proteins (L1, L2),
performing various viral functions, including viral DNA
replication, gene expression regulation, particle assembly and
release, and membrane signaling.

Tables

High-risk HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68

Low-risk HPV 6, 11, 40, 42, 43, 44, 53, 54, 61, 72, 73, 81

Detection

Generic Hybrid capture 2

Type-specific Roche Linear Array, Roche Cobas assay, real-time PCR
assays

Table 1: Genital HPV infection and detection.

Currently, there are more than 190 full length HPV types being
identified and classified into different genera based on genomic
sequence, such as alpha-HPV, beta-HPV, and gamma-HPV [3,4]
(http://pave.niaid.nih.gov/). HPV types are also classified into high-
risk and low-risk types based on their association with cervical cancer
[5,6] (Table 1), and their oncogenic mechanisms have been elucidated
(Figure 2).

HPV can also infect cutaneous epithelial cells and oral mucosal
epithelial cells. Cutaneous HPV infection is ubiquitous and associated
with increased risk for nonmelanoma skin cancer [7], while oral HPV
infection is responsible for 20% of HNSCC [8]. Although oral HPV
infection is rare in the general population compared to genital HPV
infection, the incidence of HPV-positive HNSCC has increased
significantly over the last two decades, with HPV 16 being the most
prevalent type [9,10] (Table 2). Detection of HPV 16 infection in oral
exfoliated cells increases the odds of oropharyngeal cancer more than
14 fold [11], and HPV-positive HNSCCs have better prognosis
compared to HPV-negative HNSCCs [8,12]. Limited natural history
studies on oral HPV infection suggest that the most significant risk
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factor for oral HPV infection is oral sexual behavior, and oral HPV can
be transmitted from oral-genital, oral-digital contact [13,14]. Recent
studies including ours also suggest the presence of novel HPV types in
oral cavity, predominantly beta and gamma HPV types [15-18],
though their role in oral carcinogenesis is unclear.

Tables

Oncogenic HPV 16

Others HPV 39, 51, 55, 62, 66, 84, novel beta and gamma HPVs

Detection

Generic p16 IHC

Type-specific Roche Linear Array, real-time PCR assays, next generation
sequencing

Table 2: Oral HPV infection and detection.

In this review, we present our current knowledge on the natural
history (incidence and risk factors) of oral HPV infection, oral HPV
infection in HNSCC, current methods on oral HPV detection and
isolation of novel oral HPV types. We will also discuss the potential
impact of prophylactic HPV vaccine on the prevention of HNSCC.

Figure 2: Signaling pathways of high risk HPV oncogenes. High risk
HPVs encodes two known viral oncogenes, E6 and E7. E6 protein
inactivates tumor suppressor p53 mediated DNA damage and
apoptosis pathway, while E7 protein inactivates tumor suppressor
pRb mediated cell cycle regulation pathway.

Anal-genital HPV infection
Over 40 alpha-HPV types infect human anal-genital tract,

representing the most prevalent sexually transmitted disease [19].
Epidemiological studies indicate that most men and women will
acquire a sexually transmitted anogenital human papillomavirus
(HPV) infection within their lifetime [19,20]. Majority of HPV
infections are transient without clinical symptoms although a minority
of infections (<5%) progress and develop clinical disease such as warts
or malignancies. Almost 100% of cervical cancers, 90-93% of anal
canal cancers, 36-40% of penile cancers, 40-64% of vaginal cancers and
40-51% of vulvar cancers are attributable to HPV infection [19,21]. Of
the estimated 12.7 million cancers occurring globally in 2008,
approximately 5% (600,000 cases) were HPV-associated anogenital
cancers [22]. Since the discovery of HPV infection as the etiological

agent of cervical cancer, HPV detection has played important roles in
clinical management of cervical cancer. Earlier ASCUS/LSIL triage
study (ALTS) demonstrated that the reflex HPV testing can be used to
triage women with equivocal cytology diagnosis [23,24]. Currently,
HPV co-testing is recommended for cytology-based cervical cancer
screening to reduce follow-up loss [25]. Most recently, FDA has
approved HPV testing for primary cervical cancer screening [26]. HPV
testing is also used to monitor treatment response among patients with
precancerous lesions [27]. Finally, our knowledge on HPV infection
and cervical cancer has allowed the development of highly effective
prophylactic HPV vaccines, which will eventually contribute to the
elimination of cervical cancer [28,29].

Oral HPV infection incidence and risk factors
Existing epidemiological studies suggest that oral HPV is rare in

the general population and its infection is most strongly associated
with oral sex [30]. HPV 16 is the most commonly detected oral HPV
infection; other high risk HPV types have also been detected [31].
Hang et al determined the prevalence of oral HPV infection among
5410 health individuals in the Chinese population using general PCR
and sequencing on oral swab specimens [32]. The prevalence of alpha
HPV types is 0.67% with HPV 16 being the most prevalent type, while
the prevalence of cutaneous HPV types is 5.46% with HPV 3 being the
most prevalent type. Cook et al determined oral HPV prevalence in
1010 healthy women in US using Roche Linear Array assay genotyping
37 mucosal (alpha) HPV types on oral samples [33]. The prevalence of
any HPV infection is only 1.9%. A cross-sectional study of oral HPV
infection in US men and women, aged 14 to 69 years, determined that
the overall prevalence of HPV DNA in oral exfoliated cells was 6.9
percent with HPV 16 comprising 14.5% of total oral HPV infection.
Men are three times more likely to have oral HPV infection than
women (10.1 versus 3.6 percent) [31]. A recent systemic review of
literature reported the prevalence of any oral HPV detected below 5%,
and HPV 16 accounted for 28% of all HPV detected in the oral region
[34]. Our own study on the incidence and prevalence of oral HPV
infection in a cohort of male university students is consistent with
these findings: with the prevalence at enrollment of 7.5% and 12-
month cumulative incidence of 12.3% [35].

The most well documented risk factors of oral HPV infection are
oro-genital sex and high risk sexual behavior [30,35]. Other studies
reported the association of oral HPV infection with self-reported
history of oral disease, alcohol and tobacco consumption, and
marijuana usage [36]. Oral HPV infections are mainly acquired
through oral sexual activities, but can also be acquired through self-
inoculation or sharing of oral products [13,33]. Infants can get infected
during vertical transmission during birth [37,38].

Limited virology studies suggest that most oral HPV infections are
transient and cleared within 6 months to a year [39-41]. This is
consistent with the observation that oral HPV infection tends to have a
much lower viral load when compared to cervical and vaginal HPV
infection [16,42,43].

Overall, the role of alpha HPV infection in oral cavity is very limited
with HPV 16 being the most significant player. As current evidence
indicates that there are many novel beta and gamma HPV types
present in the oral cavity [15-18], the true prevalence of HPV infection
in the oral cavity is unknown and likely underestimated.
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Methods for oral HPV detection
Currently, there are no standardized tests for oral HPV detection,

nor are there published guidelines. Methods developed for genital
HPV detection have been applied to detect oral HPVs, which include
both non-type specific and type-specific DNA-based assays [43,44].
Since HPV 16 represents the majority of HPV present in oral cavity
and oral HPV viral loads tend to be much lower than in genital tracks,
HPV 16 type-specific assay offers additional advantage by providing
viral load information, which could be used to identify clinically
significant HPV infection. Either oral swab rinse samples or oral tissue
samples can be used for oral HPV detection. The majority of
epidemiology studies on natural history of oral HPV have utilized
either oral swab or rinse samples. Our study in healthy college students
demonstrated good correlation of HPV detection in oral swab and
rinse samples, though additional HPV types were also detected in both
swab and rinse samples [35]. We recently compared three different
methods on oral sample collection for HPV detection, using swab,
tooth brush or gargling (unpublished data). Oral epithelial cells can be
efficiently collected using all three methods. Since no single method is
superior to the others, the optimal method for sample collection is
specific to each individual. Future systematic studies are needed to
identify and standardize the optimal sample collection method for oral
HPV detection.

Incidence and risk factors of HNSCC
Head and neck squamous cell carcinomas (HNSCCs) are tumors

arising from one of the five anatomic regions of the head and neck,
including oral cavity, pharynx, larynx, nasal cavity and paranasal
sinuses, and salivary glands. Worldwide, about 700,000 people are
diagnosed of HNSCCs each year with an over 50% mortality rate
[45-47].

The well-established risk factors for HNSCCs are tobacco use and
alcohol consumption, which are responsible for approximately
75%-80% of all HNSCCs [48-51]. Additional risk factors include betel
nut chewing [52], radiation exposure [53], vitamin deficiencies [54],
periodontal disease [55], immunosuppression [56], and other
environmental and occupational exposures [57,58]. Recently, oral
HPV infection has been identified as a significant risk factor for 20%
of HNSCCs, mainly for tumors originated from oropharynx (tonsils
and base of tongue) [59,60]. The large geographic differences in the
incidence and primary site of HNSCCs reflect the prevalence of risk
factors of different regions and genetic predispositions associated with
different ethnic populations [8]. Although the incidence of HNSCCs is
highest among older males, it has been increasing in females as more
women use tobacco and in young non-smokers as oral HPV incidence
is increasing due to increased rate of oral sex among the young
population. Synergistic effect has been reported among different risk
factors, such as tobacco and alcohol, tobacco and HPV [61-64].

The management of HNSCC depends mainly on the tumor stage
and location [65-67]. Early stage patients (stage I and II) are treated
with either surgery or radiation therapy (RT), while advanced stage
patients (stage III and IV) require multimodality treatment: surgery
followed by radiation, concurrent chemoradiotherapy, or sequential
therapy. Because organ preservation is one of the major objectives of
treatment, proper staging as well as prognostic markers are required to
achieve optimal outcome. HPV infection has been a significant
prognostic factor in HNSCC because HPV-positive HNSCCs are more

responsive to chemotherapy which translates to better overall survival
[68,69].

HPV infection in HNSCC patients
Recently, human papillomavirus (HPV) infection has been

identified as an etiologic agent for a subset of HNSCCs, with strongest
association with oropharyngeal and tonsillar cancers [47,70,71], which
in part explains the rise of incidence rate of HNSCC in European and
North American countries [9,72,73], where tobacco-associated
HNSCC has been declining. Although oral HPV infection is rare in
healthy individuals (<5%) [40,74], the prevalence of HPV infection in
HNSCC ranges from 10-20% in oral cavity cancer to 40-60% in
oropharyngeal cancer [75-77]. It is estimated that the detection of
HPV 16 infection in oral exfoliated cells increases the odds of
oropharyngeal cancer more than 14 fold [70,78]. Furthermore, HPV
integration and expression of E6 and E7 oncogenes have been detected
in HNSCC tissues [60]. In summary, HPV is a significant etiological
factor for HNSCC, with potential influence on the prevention,
diagnosis and treatment of HNSCC.

Multiple studies suggest that HPV-positive HNSCCs are different
from HPV-negative HNSCCs [60]: (1) HPV-positive HNSCC patients
are approximately 10 years younger than HPV-negative patients and
not associated with tobacco and alcohol consumption; (2) HPV-
positive HNSCCs predominantly arise in the base of the tongue or the
tonsillar region; (3) HPV-positive HNSCCs display a poorly
differentiated basaloid-like histology [75]; (4) although HPV-positive
HNSCCs represent biologically more aggressive form of cancer, they
have better prognosis: lower incidence of distant metastases, less
likelihood to develop second malignancy, and better responsiveness to
therapy. In conclusion, the evidence argues for differentiation between
HPV-positive and HPV-negative HNSCCs.

HPV detection in HNSCC patients
Recent studies suggest that HPV is a better prognostic marker than

tumor stage in HNSCC, especially for oropharyngeal cancer, which
spurs clinical interest on HPV testing [79-82]. It is recommended that
HPV testing should be used as a routine test in HNSCC management
because it not only provides prognosis information, but also offers
individualized treatment. For example, HPV-positive patients can be
managed with less toxic therapies; HPV-testing can help determine
whether a bulky tumor is oropharyngeal origin, and distinguish
second primary tumor from metastasis. In clinic, oral HPV infection
has been detected using p16 as a surrogate marker [83,84]. p16 is a
tumor suppressor gene that inhibits cyclin-dependent kinases, which
plays an important role in cell cycle regulation and its expression is
negatively regulated by pRb [85]. During HPV infection, oncogenic
HPV E7 protein inactivates pRb, leading to p16 overexpression
[84,86]. There are several advantages to use p16 as a surrogate marker
for HPV infection: p16 overexpression is not HPV type specific, so p16
has the potential to detect novel HPV type infection; p16
overexpression can be detected by immunohistochemistry analysis
(IHC) on tissue blocks, which is a routine assay in clinical settings.
However, p16 IHC lacks the specificity for HPV infection, because p16
can be overexpressed in certain benign conditions, and p16
overexpression and HPV detection do not show perfect concordance.
Future studies are needed to determine the impact of both p16 and
HPV detection on patient survival.
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Novel markers are being developed that not only detect HPV
infection, but also predict the risk of disease progression in uterine
cervical cancer. These include detection of HPV viral gene mRNA or
protein [87,88], HPV genome methylation [89-91], and host genetic
and epigenetic alterations [92,93]. Currently, it is unknown whether
such markers have clinical implication in the management of HNSCC.

Novel oral HPV types and HNSCC
Despite the low prevalence (<10%) of oral alpha HPV infection in

the general population, our study as well as other published studies
strongly indicate the existence of additional HPV types in the oral
cavity. Bottalico et al reported the presence of a wide spectrum of beta
and gamma HPV types in oral cavity specimens [18], and cloned a
novel beta HPV 120 from the oral cavity [17], which subsequently
showed that, could be detected in multiple anatomical sites. We
identified four and cloned three full length novel gamma HPV types
from oral swab and rinse samples collected from healthy young college
students using HPV degenerated PCR assays [16]. These data suggest
that our understanding on natural history and transmission of oral
HPV is still at the early stage.

It is unclear what the best way is to identify these novel HPV types.
Traditionally, novel HPV viruses are identified using consensus PCR
coupled with cloning. However, this method is labor intensive, low
throughput and lacks the sensitivity to isolate low level HPVs.
Although DNA microarray-based screening assays improve
throughput [94,95], these methods will only detect viruses with
extensive sequence homology to known HPV types. Novel HPV viral
transcripts can also be detected using various subtractive assays,
including representational difference analysis (RDA), computational
subtraction, and digital transcript subtraction [96]. However,
expression-based techniques rely on the expression of viral genes;
therefore it would likely miss latent HPV viral infections or HPV
viruses that are not actively transcribing.

We believe that the next generation sequencing technology
represents an ideal method to identify novel HPV types present in oral
cavity from both healthy individuals and cancer patients. Over the past
several years, massive parallel DNA sequencing platforms have
dramatically reduced the cost of DNA sequencing by over two orders
of magnitude, enabling comprehensive genome analysis by individual
investigators [97-99]. Currently there are five commercially available
next generation sequencing platforms: the 454 pyro sequencing system
from Roche (Branford, CT), the Solexa sequencing by synthesis
technology from Illumina (San Diego, CA), the SOLiD sequencing by
ligation platform from ABI (Foster City, CA) [97], the Ion Torrent
sequencing by ion semiconductor technology from Life Technology
(Grand Island, NY) [100], and SMRT single-molecule real-time
sequencing technology from Pacific Biosciences (Menlo Park, CA)
[101,102]. Each technology uses sophisticated chemical and enzymatic
reactions to amplify single strands of fragmented sequencing library in
a clonal fashion and perform massive parallel sequencing reactions on
the amplified strands. Of these five sequencing technologies, the 454
system and SMRT technology are preferred choice for de novo
sequencing, as in the case of discovery of novel viral pathogens
[103,104], because it produces long reads (700 bp and 10,000 bp
respectively) with extremely low error rate (accuracy of >99.5%),
which allows accurate sequence assembly without the reference
sequence (scaffold), and discovery of microbial sequences present at
low frequency in a complex biological specimen. It has been used
extensively in metagenomic analysis of various microbial communities

[105-109], including the identification of several novel viruses, such as
a novel bovine group A rotavirus associated with diarrhea of cows
[110], novel circular DNA viruses from dragonfly larvae [111], a novel
paramyxovirus associated with acute febrile disease [112], and a
divergent human parainfluenza virus type 4 (HPIV4) [104].

One of the potential challenges is the low HPV viral loads in oral
samples. Our unpublished data suggest that the average HPV viral
loads in oral samples are at least 1000 fold lower than in genital
samples. In some cases, there is less than one HPV virus per cell. The
ability to detect HPV at low level depends on the sequencing depth. If
HPV is present at 0.01 copies per cell, the probability to detect HPV
sequence is 45% if 5x107 bp sequence reads are obtained from a
sample, the probability increases to 99.8% if 5x108 bp sequence reads
are obtained [96]. Alternatively, HPV present in the samples should be
preferentially enriched using sequence independent methods. Our
study demonstrated the ability of rolling circle amplification (RCA)
can be used to preferentially amplify circular HPV genomic DNA
present in the samples [16]. If enough samples are present, circular
HPV DNA may be isolated using conventional plasmid isolation
methods. However, both methods rely on the premise that HPV DNA
is present as the circular form. If HPV is integrated, these methods will
not be able to enrich it.

Unlike α-HPV types, it is unclear whether beta and gamma HPV
types are oncogenic. There is evidence that beta HPVs might
contribute to skin carcinogenesis in conjunction with UVR [113]. Beta
HPV 38 E6 and E7 has been shown to act as promoters and
progression factors in multi-stage skin carcinogenesis initiated by
DNA damage agent DMBA [114,115], both HPV 5 and 8 E6 can
increase the tolerance of UVB induced genomic instability [116,117],
and HPV 49 E6 and E7 can immortalize primary human keratinocytes
and deregulate both p53 and pRb pathways [118]. Very little is known
about gamma HPV in tumorigenesis. The complex interaction among
HPV, tobacco and alcohol makes it more difficult to elucidate the
potential oncogenic mechanism of HPV in oral cancer [119]. This is
further complicated by the low viral load of gamma HPV present in
oral cavity specimens. It is likely that oral HPV infections induce
tumorigenesis via a different mechanism from α-HPVs: they are
required for initiation but not progression during oral tumorigenesis,
according to the so called “hit and run” theory. If this is the case, it is
not expected to detect oral HPV more frequently in tumor tissues than
in normal tissues. One of the novel HPV types we identified, HPV 171,
was more prevalent in malignant than in normal oral tissues and the
viral load was significantly higher in malignant than in normal oral
tissues, but it was not significant after adjusting for age [16]. Future
studies are needed to determine oncogenic potential of these novel
gamma HPV types.

In summary, there are many novel beta and gamma HPV types
present in the oral cavity. These novel HPV types are best identified
using the high throughput second and third generation sequencing
technologies. Both molecular and clinical epidemiological studies are
needed to determine their role in the development of HNSCC.

HPV vaccines and HNSCC
It is unknown whether HPV vaccines can be used to prevent and

treat oropharyngeal cancer. Prophylactic HPV vaccination has been
shown to be highly effective in preventing HPV infection as well as
development of cervical diseases caused by the high risk HPV types the
vaccine covered [28,29]. Currently, there are two commercially
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available vaccines: the quadrivalent vaccine Gardasil from Merck
covering HPV 6, 11, 16 and 18, and the bivalent vaccine Cervarix from
GSK covering HPV 16 and 18. Both are highly immunogenic and
produce neutralizing antibodies to prevent HPV infection. Studies in
young women demonstrated that seroconversion was almost 100%,
the high titer of neutralizing antibodies is maintained even after 6-8
years and are also present in cervical mucus [120]. The vaccines are
safe, highly effective in preventing persistent HPV infection as well as
development of cervical high grade lesions. A new HPV vaccine is
being developed by Merck against nine HPV types (HPV 6, 11, 16, 18,
31, 33, 45, 52, and 58) which will protect over 90% cervical cancer
[121]. Currently, there is only one clinical trial demonstrating the
effectiveness of bivalent HPV vaccination in reducing the prevalence
of oral HPV infection [122], and HPV vaccines are presently not
recommended for preventing HNSCC. Because of the low prevalence
of oral HPV infection, larger studies are needed to determine the
impact of HPV vaccine on the reduction of oral HPV infection and
HNSCC incidence.

Because the prophylactic vaccines have no effect on prevalent HPV
infection, therapeutic vaccines are needed to generate cellular
immunity against HPV infected cells and eliminate HPV-caused
diseases. Unlike prophylactic vaccines which are based on HPV L1
VLPs, therapeutic vaccines are based on HPV E6 and E7 oncoproteins.
These two proteins are constitutively expressed throughout different
stages of HPV infection and play an essential role in the
transformation of HPV-associated malignancies. Various different
types of vaccines have been developed using either HPV E6/E7
peptides or DNA with different adjuvants, and they are delivered
either systematically or locally [123]. Although these vaccines have
shown to elicit cellular immune responses against HPV infection,
these immune responses do not correlate with clinical outcome in
cervical disease [124]. Several clinical trials are undergoing to
determine the safety and efficacy of these therapeutic vaccines in
eliminating HPV-positive oral cancer lesions. Although HPV
therapeutic vaccines are still at the developmental stage, they represent
the only hope to cure HNSCC caused by HPV infection.

Future directions
Our understandings on oral HPV in oral cancer have just begun

and many questions remain unanswered. What is the optimal method
for HPV detection in HNSCC? Can oral HPV detection be used for
oral cancer screening? Are novel oral HPVs oncogenic? What is the
impact of current prophylactic HPV vaccine on HNSCC incidence?
Although much can be learned from our experience with HPV
infection in cervical cancer, there are significant differences between
these two scenarios: at least 13 high risk HPV types are involved in
cervical cancer, while only HPV 16 is significantly involved in
HNSCC. The potential HPV type replacement might play a more
significant role in HNSCC than in cervical cancer after the
implementation of HPV vaccination; the viral load in the oral cavity is
significantly lower than in the cervix, which makes it more difficult to
prove the role of HPV infection in HNSCC tumorigenesis and the
oncogenic mechanism in these two cancers will be different. We truly
believe that continued understanding of oral HPV infection in
HNSCC will eventually lead to improved survival and reduced
mortality in HNSCC patients.
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