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Abstract
Oral cancers are in a rising trends nowadays. In Asia, it is among the most common cancers that carry significantly high 
morbidity and mortality. A steady rise in incidence in oral cavity cancers especially among young males with no history 
of tobacco or alcohol use has given rise to a new risk factor, the human papillomavirus (HPV). The HPV-OSCC is a 
unique, under covered clinical entity. The role of HPV and its oncogenic potential in the development of oral squamous cell 
carcinoma are evident. HPV-positive status significantly improves survival and prognostically better. This article reviews 
on the pathogenesis, transmission and prognosis of HPV-related oral squamous cell carcinoma (OSCC).
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Introduction
The link between human papillomavirus (HPV) in oral 

squamous cell carcinomas (OSCC) is evident in few stud-
ies and need to be taken into consideration while battling 
these cancers [1-3]. One of the earliest studies to suggest 
this link was in 1983 in which 40 biopsy samples of oral 
cancers were studied under the light microscopy with 
emphasis on histopathological features suggesting HPV 
lesion. It was found that 16 samples with morphological 
signs with 8 of them showing HPV-positive nuclei [4].

A meta-analysis highlighted the prevalence of HPV 
at 24.5%, particularly HPV type 16 and 18, among dys-
plastic and invasive cancers of oral cavity and orophar-
ynx supports the assumption that HPV infection occurs 
during early phase of these cancers etiopathogenesis [3]. 
Another study estimated proportion of HPV infection 
among oral and oropharyngeal SCC at 35% [5].

International Agency for Research on Cancer (IARC), 
in its monograph released in 2007, have concluded there 
is sufficient evidence in humans for the carcinogenicity 
of HPV 16 in oral cavity and oropharynx but limited ev-
idence in humans for the carcinogenicity of HPV 18 in 
oral cavity [6].

Overview of Human Papillomavirus (HPV)
HPV belongs to Papillomaviridae virus family in which 

HPV 16 belongs to Alfa-papillomavirus genus [7]. They are 
icosahedral, non-enveloped particles, 55 nm in diameter, 
double-stranded DNA viruses containing approximately 
7900 base pairs [8]. The genome organization includes 8 
open reading frames and a non-coding region. The six ear-
ly open reading frames (E1-E6) encode proteins involved 
in DNA replication, transcription and cellular transforma-
tion; the capsid proteins (L1 & L2) are encoded by late open 
reading frames (Figure 1) [7,9].

Both E1 and E2 genes encode proteins that bind to 
DNA and act as transcriptional activators or repressors 
which regulates virus transcription and genome replica-
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tion [8,9]. The E4 gene is involved in maturation and re-
lease of papillomavirus particles which is expressed rela-
tively late in virus replication. The E6 and E7 genes, which 
are the main culprit in viral oncogenesis, are responsible 
in producing oncogenic proteins while the non-coding 
region or long control region (LCR) contains regulato-
ry sequences that respond to steroid receptor hormones. 

The summary of these genes (Table 1) [10].

HPV can be classified as low-risk and high risk types 
based on the established cervical oncogenicity [11]. Low 
risk HPV types (eg. type 6 and 11) induce benign lesions 
with minimum risk of progression to malignancy such 
as in laryngeal papilloma. [9,12-14] On the other hand, 
high risk HPV have higher oncogenic potential with HPV 
16 being the most prevalent followed by types 18, 31 & 
33 [9,12]. A particular HPV genotype is considered as a 
distinct one when the nucleotide sequence of L, E6 and 
E7 genes differs from any other by at least 10% [15]. In-
fection by more than one strain of HPV was possible but 

HPV-positive oral squamous cell carcinoma were asso-
ciated with oncogenic or high-risk type HPV. While the 
other types could be dormant [16]. Table 2 lists down the 
various types of HPV based on risk classification.

Pathogenesis: Function of E6, E7 Genes
These papilloma viruses infect epithelial cells and ini-

tial infection involves exposure of infectious particles to 
basal layer. Expression of viral gene product occurs as 
infected basal cell migrates to epithelial surface [9]. The 
E6 gene encodes a protein that binds to tumour suppres-
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Figure 1: HPV genome; early genes (E1-E6), late genes (L1 & L2), long control region (LCR). (Reproduced with permission: 
[9]).

Table 1: Summary of HPV gene functions [10]. 

Gene Product Function Activities
E1 Replication of viral genome DNA-binding activity, helicase activity, ATPase
E2 1. Transcription of viral genes

2. Replication and maintenance of viral genome

Transactivation/Transrepression, DNA-binding 
activity, DNA segregation in mitotic cell

E4 Unknown Destruction of keratin network, induction of 
G2M arrest of cell cycle

E5 Possibly involved in proliferation and/or inhibition of apoptosis Affection of cellular signaling pathway
E6 1. Reactivation of cellular replication mechanisms

2. Proliferation, immortalization, inhibition of apoptosis

3. Maintenance of viral genome

Interactions with various cellular proteins

E7 1. Reactivation of cellular replication mechanisms

2. Proliferation, genomic instability, inhibition of apoptosis

3. Maintenance of viral genome

Interactions with various cellular proteins

L1 Major capsid protein
L2 Minor capsid protein

Table 2: Classification of HPV types [11].

Risk classification HPV types
High risk 16, 18, 31, 33, 35, 39, 45, 51, 

52, 56, 58, 59, 68, 73, 82
Probable high risk 26, 53, 66
Low risk 6, 11, 40, 42, 43, 44, 54, 61, 

70, 72, 81, CP6108
Undetermined risk 34, 57, 83
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are 7 times more likely to develop HPV-associated cervi-
cal cancer than individuals having one or more p53Pro 
alleles. In a cumulative series, homozygous mutant (Arg/
Arg) had an overall OR of 1.2 in comparison with het-
erozygous mutant (Arg/Pro) but this figure differs ac-
cording to HPV genotype and country [22]. However, 
in contrary, no association was found between type of 
p53 allele and head and neck carcinoma [23]. In fact, the 
arginine allele appears to protect against head and neck 
cancers. Zur Hausen suggested that same virus in con-
dylomata acuminate were found in cervical cancer and 
uncovered more than 95% cervical cancer contains high-
risk HPV genomes. It was also found that HPV 16 were 
commonly identified in HPV-positive tonsillar SCC 
were similar to those found in cervical cancers [24].

Human leukocyte antigen (HLA), human version of 
major histocompatibility complex (MHC) found in many 
species, consists more than 200 genes located on chro-
mosome 6 and can be divided into 3 basic groups: class 
I, class II and class III p [25]. Class I genes in humans 
consists of 3 main genes known as HLA-A, HLA-B and 
HLA-C. The proteins are present on the surface of almost 
all cells of the body and these proteins display peptides 
produced by the cell to the immune system. If the im-
mune system detects the peptide as foreign, it triggers 
the self-destruction of the infected cell. There are 6 main 
MHC class II genes in humans consisting of HLA-DPA1, 
HLA-DPB1, HLA-DQA1, HLA-DQB1, HLA-DRA, and 
HLA-DRB1. They encode proteins that are present al-
most exclusively on the surface of certain immune system 
cells and have similar function to MHC class I proteins. 
Proteins from MHC class III involve in inflammation 
and other immune system activities. Studies on HLA 
have shown none of the alleles have consistently shown 
increased risk of cancer [26].

On the other hand, p16 is a tumour-suppressor gene 
located on chromosome 9p21 which acts as a cell-cycle 
checkpoint regulation. It is a reliable surrogate marker 
for high-risk HPV testing and p16 positivity served as 
a favourable prognosis in head and neck squamous cell 
carcinoma by increased radiosensitivity [27].

Transmission
Transmission of HPV in these cancers point to oro-

genital contact and an increase in oral sex as mode of HPV 
transmission to oral mucosa [28]. Increased number of 
sex partners was noted to be a consistent risk factor as 
studies have shown strong association between lifetime 
number of sex partners and genital HPV acquisition both 
in women and men [11,28,29].

Interestingly, Gillison, et al. in 2012 uncovered that 
transmission were by casual sexual contact, more com-

sor protein p53 which induces its degradation while the 
E7 gene encodes a protein that binds to retinoblastoma 
protein (Rb). Since over-expression of p53 and Rb inhib-
its viral replication, expression of E6 and E7 in epithelial 
layers causes degradation of these proteins and drives 
cells into S-phase, conducive for viral genome replica-
tion and cell proliferation. In progression towards car-
cinogenesis, viral genome integrates into host genome 
and this disrupts E2. As a result, E6 and E7 expression is 
accelerated and bind to p53 and retinoblastoma tumour 
suppressors as mentioned earlier.

E6 protein binds to p53 protein via cellular ubiqui-
tin-ligase, recruiting the ubiquitin complex of enzymes, 
ubiquitinating lysines on p53 and causing its proteoly-
sis. This becomes the prime cause of chromosomal in-
stability via bypassing the normal growth arrest signals 
at G1/S and G2/M checkpoints in addition of enhanced 
integration of foreign DNA into host-cell genome [17]. 
In addition, this oncoprotein also inhibits degradation of 
SRC-family kinases which stimulates mitotic activity [18] 
and activates telomerase by transcriptional activation of 
human telomerase reverse transcriptase (hTert) gene 
thus disrupting the natural pathway that leads to senes-
cence and cell death [19]. E6 proteins also induce ubiqui-
tin-mediated degradation of several PDZ domain-contain-
ing substrates which control cell proliferation, polarity 
and adhesion thus contributing to malignancy [20].

E7 protein binds with retinoblastoma gene product 
(pRb) to facilitate progression into S-phase of cell cycle [18] 
by preventing pRb binding with E2F transcription fac-
tors (normally they bind to form complexes that repress 
transcription) thus promoting cell cycle progression. In 
addition, 2 other members of pRb family, p107 and p130 
which usually down regulates E2F transcription, are also 
affected by E7 and causes cell cycle progression [19]. E7 
also stimulates the S-phase genes cyclin E and cyclin A 
and evades the inhibitory activities of cyclin-dependent 
kinase inhibitors (CKIs) [18]. Aneuploidy of cells ex-
pressing E7 is induced by centriole amplification which 
contributes to tumour genesis [18].

However, only a certain fraction of infected individ-
uals present with oral cavity cancers as seen in cervical 
cancers. As such, consideration needs to be given to ad-
ditional factors. Two other factors, which have been giv-
en a lot of attention are p53 polymorphism and human 
leukocyte antigen (HLA).

Cervical cancer research has shown p53 polymorphism 
proline/arginine at codon 72 does play a role in an indi-
vidual’s susceptibility to HPV 16 and 18 induced deg-
radation [21]. Results have shown that p53Arg is more 
susceptible than p53Pro to degradation induced by HPV. 
The study also found individuals with homozygous p53Arg 
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mon among sexually-experienced individual rather in-
experience individual. It was also reported that oral HPV 
was 8-fold higher among sexually active person and sig-
nificantly higher with increase sexual partners. The prev-
alence was 3-fold higher among men might due through 
oral sex on women [16].

Prognosis
Clinically, HPV-positive tumours present at an earlier 

tumour (T) stage but more advanced nodal (N) stage and 
have better treatment outcomes than HPV-negative tu-
mours [1,28]. When treated with radiation, HPV-positive 
OSCC have significantly higher survival rate than HPV-neg-
ative OSCC at all stages [1,30,31]. Significant differences in 
HPV-positive and HPV-negative head and neck squamous 
cell carcinoma supports the fact that HPV-positive cancers 
represent a tumour entity of its own that is biologically and 
clinically different from HPV-negative cancers [32]. HPV 
carcinogenesis is less frequently linked to polyploidy and 
have smaller tumour nuclei than cancers caused by smok-
ing and alcohol.

HPV have also been persistently detected in post treat-
ment HPV-positive patients irrespective of tumour site, 
time interval, type of treatment and presence of recur-
rence [33]. This suggests that the patients can still be test-
ed post treatment whether it is post surgery, post radio-
therapy or post chemoradiotherapy.

Conclusion
The analysis on HPV-related OSCC teaches us a few 

pearls on this matter. Incidence of HPV-related OSCC 
is on a rising trend with high-risk HPV showed signifi-
cant relation in developing the cancer. Firm knowledge 
on the virus biology, pathogenesis and transmission will 
help us on the therapeutic strategies on them and subse-
quently prognosticate the disease as well.
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