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A B S T R A C T

The association between Human Papillomavirus (HPV) DNA and oropharyngeal squamous

cell carcinoma (SCC) has been supported by numerous studies strongly implicating HPV

infection as a factor in the development of this cancer. In contrast, squamous cell carci-

noma of the oral cavity has not been associated with HPV DNA, suggesting alternate aeti-

ologic factors. The possibility that viral agents other than HPV could contribute to the

development of oral cavity SCC should be given consideration, especially given the associ-

ation of Epstein-Barr virus (EBV) with nasopharyngeal cancer. We used quantitative poly-

merase chain reaction (qPCR) studies to compare the expression levels of genes that may

act as indicators of persistent stimulation by viral antigen in both oral cavity and oropha-

ryngeal squamous cell cancers. Our results demonstrate that HPV-positive oropharyngeal

tumours displayed gene expression patterns indicative of a viral signature and that HPV-

negative oropharyngeal tumours do not display similar expression patterns. In contrast,

we saw no evidence of either a viral or bacterial signature in the oral tumours examined.

This would suggest that either an as of yet unidentified virus present in the oral tumour

samples is not eliciting a typical immune response, or that there are no novel viral

sequences or viruses present in the oral tumours examined.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Cancers of the head and neck rank as the 6th most com-

monly observed cancers worldwide1 with an average 5-year

survival rate of only 50% for advanced disease.2 Nearly 95%

of head and neck cancers are squamous cell carcinomas

(SSCs) and these are frequently highly invasive metastatic

tumours. These cancers are often clinically grouped by their

anatomical sites within the head and neck, including tu-

mours of the nasopharynx, oropharynx and oral cavity.
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traditional risk factors that promote the establishment and

progression of tumours in the upper aerodigestive tract, with

the combination of both factors resulting in a synergistic

effect.

While an association of undifferentiated nasopharyngeal

cancer with Epstein-Barr virus (EBV) has been established,3

other subtypes of nasopharyngeal cancer do not have the

same association suggesting heterogeneity in aetiology. In

the oropharynx, recent reports find that up to 93% of
.
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squamous cell cancers demonstrate an association with Hu-

man Papillomavirus (HPV) DNA.4,5 Our previous studies have

indicated that most of the oropharyngeal tumours observed

at the Mayo Clinic are HPV-positive.6,7 This suggests that

infection with HPV represents an additional significant risk

factor for the development of oropharyngeal tumours,

although the mechanisms for this interaction are not clearly

understood. Corresponding studies with oral cavity tumours

indicate a much lower rate of HPV infection,8–10 even among

those patients that lack exposure to tobacco and alcohol.

These findings support the notion that the development of

squamous cell cancers of the oral cavity is driven by a differ-

ent set of factors and raises the question of whether a virus

other than HPV may be involved.

Our study compared the expression levels of genes that

may act as indicators of persistent stimulation by viral anti-

gen(s) in HPV-positive oropharyngeal tumour and HPV-nega-

tive oropharyngeal normal tissues as well as HPV-negative

oral cavity tumour and normal tissue to determine if the oral

cavity tumours display expression patterns indicating the

presence of viral antigen other than HPV.

Gene targets aimed at predicting a response to viral anti-

gen were chosen based on the previous evidence of their

involvement in the innate immune response to viral presence

in epithelial cells.11–13 The first class of gene targets includes

four antimicrobial peptides human beta-defensin 1 (hBD-1),

human beta-defensin 3 (hBD-3), human defensin 5 (HD5)

and human defensin (HD6). These are small peptides (12–50

amino acids long), which represent an evolutionarily con-

served component of the innate immune response to invad-

ing pathogens such as bacteria and viruses. These small

peptides are produced by cells that play an important role

in the innate immune system, primarily neutrophils, and

are expressed in epithelial surfaces including the upper gas-

trointestinal tract.14,15hBD-1 was chosen as a negative con-

trol, with a suggested chemotatic role but a demonstrated

lack of activity in response to HPV in oral mucosa.14 hBD-3

is an inducible component of the innate immune response

to microbial activity in epithelial cells that has been shown

to be induced by exposure of oral mucosa to human immuno-

deficiency virus (HIV-1)16 and implicated in blocking viral en-

try of HPV to oral mucosa and cultured cervical cells.15,17

Alpha-defensins, HD5 and HD6 are additional antimicro-

bial peptides found within granules of neutrophils, epithelial

cells and macrophages that can be released in response to

bacterial, viral or fungal presence and contribute to the induc-

tion of IL8 expression.15 These transcripts have been shown

to be viral responsive, with final peptide products playing a

demonstrated role in the response of cultured cervical cells

to Herpes Simplex Virus. HD6 acts by preventing viral binding

and entry, and HD5 acts by inhibiting viral penetration.15

We then examined a marker of antigen presentation, MHC

I, a key molecule for the presentation of antigen by nucleated

cells to cytotoxic T cells and stimulation of the innate im-

mune response to bacterial and viral infection.18

Lastly, we chose a panel of target cytokines with proven

involvement in the innate immune response of epithelial

cells to viral presence including Interleukin 8 (IL8), Interferon

beta (IFN-b) and Interferon gamma (IFN-c). IL8 is primarily

produced by antigen presenting cells and epithelial cells and
is a major mediator of the inflammatory response to pre-

sented antigen. Increased expression of IL8 has been demon-

strated in HPV-positive vulvar intraepithelial neoplasia (VIN)

when compared to HPV-negative cases.19 IFN-b is a viral

responsive cytokine produced by a variety of cell types in re-

sponse to antigen stimulation, but produced at high rates by

fibroblasts. Increased expression of IFN-b participates in the

innate response to viral antigen by interfering with viral rep-

lication (reviewed).20,21 IFN-c is a pro-inflammatory cytokine

involved with both the innate and adaptive response to bacte-

rial and viral antigen. It has been shown to play a pivotal role

in the innate immune response to HPV infection,22 with high

expression associated with effective clearance of cervical HPV

infection.23,24

The expression levels of these target genes were measured

by quantitative polymerase chain reaction (qPCR). Similar

expression patterns between both anatomical sites could

potentially indicate the presence of a yet unidentified virus

in HPV-negative oral tumours.

2. Materials and methods

2.1. Collection and processing of tissues

All tissues used in this study were collected from patients

undergoing treatment at the Mayo Clinic, Rochester, MN. Tu-

mour samples were obtained from patients undergoing surgi-

cal treatment for oral cavity or oropharyngeal squamous cell

carcinoma (SCC). Normal oropharyngeal tissues were col-

lected from patients undergoing surgical treatment of non-

cancer related conditions. Normal oral cavity tissue was col-

lected during consented autopsy at the Mayo Clinic, Roches-

ter, MN. All tissue samples were snap frozen in liquid

nitrogen and stored according to procedure approved by the

Mayo Clinic Institutional Review Board (see Supplemental

Information). All tumour and normal tissues were matched

for age and smoking status.

2.2. DNA extraction

Frozen slides corresponding to all samples were processed for

DNA extraction by scraping tissue from the 4-lm section,

using the reviewed H&E slide for reference. DNA was ex-

tracted using the QiAMP DNA Micro kit (QIAGEN, Valencia,

CA). Isolated DNA was quantified by NanoDrop ND1000 (Ther-

moFisher Scientific, Waltham, MA).

2.3. RNA extraction

Total RNA was extracted from portions of the frozen tissue

samples using the Qiagen RNAeasy Plus Kit (Valencia, CA)

according to manufacturer’s protocol. Extracted RNA was also

quantified by NanoDrop ND1000.

2.4. Detection of HPV DNA by polymerase chain reaction
(PCR)

DNA extracted from all frozen tissues was analysed for

the presence of HPV specific sequences by polymerase

chain reaction (PCR) with three different primer pairs: L1
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consensus primers MY09 and MY11, a specific primer set to

the HPV-16 E6 region and an HPV-18 specific primer set (Sup-

plemental Table 1).

2.5. Quantitative real-time RT-PCR (qPCR)

Primers for target genes were designed using Primer3.25 cDNA

was synthesised using the Thermoscript RT-PCR System from

Invitrogen using 2 lg of total RNA and oligo-dt primers. cDNA

quantitation was then performed with specific primers (Sup-

plemental Table 2) using the SYBR green method (ABI 7900HT

fast real-time PCR system). Primers were optimised for qPCR

with b-actin as a control gene and then with the transcript re-

gion of interest. When the optimal primer concentration pro-

duced a linear response to input cDNA concentration, RNA

samples were analysed in triplicate for each tested transcript.

To normalise the expression levels (DCT), the threshold cycle

(CT) for each transcript was subtracted from the CT of the

more abundantly expressed control gene (b-actin). This value

was then used to calculate the 2^�delta CT value to compare

expression patterns between various tissue samples. A signif-

icant change in expression was defined as greater than a two-

fold increase or decrease.

3. Results

3.1. Detection of HPV DNA

DNA extracted from frozen tissue specimens was analysed for

the presence of HPV specific sequences by polymerase chain

reaction (PCR). All samples were screened with both universal

primers designed to detect all HPV types and HPV-16 specific

primers. All 12 samples corresponding to oropharyngeal tu-

mour tissue were found to be HPV-16 positive (Fig. 1), while

10 normal oropharyngeal tissues were negative for HPV

DNA (data not shown). Interestingly, oropharyngeal tumour

samples 2 and 3 have a positive PCR result with the HPV-16

specific primers, but a negative result with the universal

primers (Fig. 1). This pattern is common when screening lar-

ger panels of oropharyngeal tumour samples (data not

shown) and indicates that the HPV-16 primers are more sen-

sitive for detecting HPV-16 DNA sequences that may be

missed by the universal primer set. Identical analysis of 12 tu-

mour and 10 normal tissues from the oral cavity was found to
Fig. 1 – Detection of HPV DNA in oropharyngeal tumour tissue.

presence of HPV DNA sequences, as shown for oropharyngeal t

detection of all HPV types (A) and HPV-16 E6 specific primers (B
be HPV-negative with both universal and HPV-16 specific

primers (data not shown).

3.2. Analysis of gene expression patterns in tumour and
normal oropharyngeal and oral cavity tissues by quantitative
PCR (qPCR)

Gene targets were chosen for analysis by qPCR based on their

characterised involvement in the response to viral antigen in

human tissue.11–13 Gene expression levels for these gene tar-

gets were measured using cDNA prepared from oral cavity

and oropharyngeal tumours. Normal tissue was collected

from similar locations in patients undergoing procedures

unrelated to the treatment of cancer. The gene targets fell

into three distinct classes: antimicrobial peptides, markers

of antigen presentation and cytokines (Table 1).

In the class of antimicrobial peptides, the first group of

gene targets includes two examples of beta-defensins. Hu-

man defensin, beta 1 (hBD-1) has been shown to be constitu-

tively expressed in epithelial tissues and is not expected to

increase expression in response to virus. Gene expression lev-

els for this target were measured and compared in tumour

and normal oral cavity tissue (Fig. 2A) and oropharyngeal tis-

sue (Fig. 2B). Similar levels of hBD-1 expression were detected

in the tumour and normal tissues from both sites (Fig. 2A and

B), indicating no change in constitutive hBD-1 expression in

the tumour tissues. Expression patterns were examined for

a second human beta-defensin (hBD-3), an inducible compo-

nent of the innate immune response to microbial activity in

epithelial cells. Both tumour and normal tissues from the oral

cavity expressed similar levels of hBD-3 (Fig. 2A), while HPV-

positive oropharyngeal tumours showed an increased expres-

sion (greater than twofold change) as compared to normal tis-

sues (Fig. 2B). Gene expression levels were also quantified for

two examples of alpha-defensins including human defensin 5

(HD5) and human defensin 6 (HD6). There was a greater than

twofold increased level of expression of these genes in the

HPV-positive oropharyngeal tumours (Fig. 2B) in contrast to

similar levels of expression in the oral cavity tumours versus

normal oral cavity tissue (Fig. 2A). The pattern of increased

expression of target genes in HPV-positive oropharyngeal tu-

mours versus normal and unchanged expression in oral cav-

ity tumour versus normal tissue was consistent for the

additional gene targets examined.
All fresh frozen samples were screened by PCR for the

umour samples, using both universal primers for the

).



Table 1 – Gene targets involved in response to persistent antigen. Gene targets were chosen for analysis by qPCR based on
their characterised involvement in the response to persistent antigen, such as virus or bacteria, in human tissue. These gene
targets fell into three distinct classes: antimicrobial peptides, markers of antigen presentation and cytokines.

Common
designation

NCBI
designation

NCBI Gene ID Full name Function

hBD-1 DEFB1 1672 Human defensin, beta 1 Antimicrobial peptide produced by neutrophils,
implicated in the resistance of epithelial cells to
microbial colonisation

hBD-3 DEFC103A 55894 Human defensin, beta 3 Antimicrobial peptide produced by neutrophils,
providing broad spectrum antimicrobial activity,
innate immune defence

HD5 DEFA5 1670 Human defensin, alpha 5 Antimicrobial peptide produced by neutrophils,
responsible for induction of IL8 in epithelial cells

HD6 DEFA6 1671 Human defensin, alpha 6 Antimicrobial peptide that contributes to innate
defence of GI mucosal surfaces

MHCI HLA-E 3133 Major histocompatibility
complex, class I

Antigen presenting molecules present on all
nucleated cells. Present antigen to cytotoxic T cells
to promote Innate immune response in the presence
of bacterial or viral infection or during tumourgenesis

IL8 IL8 3576 Interleukin 8 Secreted cytokine that acts as major mediator of the
inflammatory response

IFNG IFNG 3458 Interferon, gamma Cytokine critical for innate and adaptive immunity
against viral and intracellular bacterial infections and
control of tumour development

IFNB IFNB1 3456 Interferon, beta 1, fibroblast Cytokines critical for antiviral response of the innate
immune system

Fig. 2 – Expression patterns of antigen responsive genes. Analysis of expression patterns of target genes was measured by

quantitative PCR (qPCR) in tumour tissue (white bars) and normal tissue (black bars) from two locations, (A) oral cavity and (B)

oropharyngeal tissues.
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The second class of markers of antigen presentation in-

cludes the expression of major histocompatibility complex

class I (MHC I). MHC I followed a similar pattern of having

greater than twofold higher expression in the HPV-positive

oropharyngeal tumour tissue (Fig. 2B). In contrast, we ob-

served decreased expression of MHC I in oral cavity tumour

tissue as compared to normal oral cavity tissue (Fig. 2A).

The third class and remaining genes examined represent a

panel of cytokines involved in the innate immune response to

bacterial and viral antigen and the promotion of an inflam-

matory response in tissues. These genes include interleukin

8 (IL8) and interferon beta (IFN-b). An additional target, inter-

feron gamma (IFN-c) is involved in both the innate and adap-

tive response to bacterial and viral antigen. The expression of

IL8, IFN-b and IFN-c increased by greater than twofold in the

oropharyngeal tumours compared to normal tissue (Fig. 2B),

but similar increases were not detected in the oral cavity tu-

mour tissue (Fig. 2A).
In an effort to validate that the increased expression of the

target genes in the HPV-positive oropharyngeal tumours can

be attributed to an innate response to the virus, an additional

control of HPV-negative oropharyngeal tumour tissue was in-

cluded for comparison. All targets displayed low levels of

gene expression in the HPV-negative oropharyngeal tumour

tissue (see Supplemental Fig. 1).
4. Discussion

Head and neck cancers represent a unique challenge to clini-

cians because of their invasive, metastatic and highly recur-

rent nature. While the standard risk factors of drinking and

smoking apply to the majority of patients treated, the increas-

ing numbers of patients that develop these cancers in the ab-

sence of standard risk factors suggest that additional factors

may also be involved.



E U R O P E A N J O U R N A L O F C A N C E R 4 6 ( 2 0 1 0 ) 1 1 5 3 – 1 1 5 8 1157
Another potential factor in the development of oropharyn-

geal cancers is persistent infection with Human Papillomavi-

rus (HPV). HPV has been demonstrated as a key initiator of

cervical cancer, leading to the development of the highly

effective, multivalent HPV vaccine. Changes in sexual prac-

tices are likely contributing to increasing exposure of the oral

cavity and oropharyngeal tissues to HPV virus.26 However,

studies aimed at examining rates of HPV infection of the oral

cavity have detected a very low incidence of HPV sequence

present in these tissues.8–10 This is in contrast to the findings

of similar studies focusing on oropharyngeal tissues, with re-

ported frequencies up to 93%.4,5 Our previous studies at the

Mayo Clinic, using fresh frozen tissue samples, found that

the majority of oropharyngeal tumours were indeed HPV

(HPV-16) positive.6,7 This supports the suggestion that tu-

mours arising from the oral cavity and oropharyngeal tissues

may represent different groups of cancers.

Despite the high degree of association between HPV and

oropharyngeal cancers, there remains no clear consensus

on a probable mechanistic role for this virus in cancer devel-

opment and progression, alteration of resistance to adjuvant

therapy or of the implications of infection to patient out-

comes. In spite of this, there is a growing interest in including

HPV status as a major factor in the development of treatment

strategy for patients presenting with oropharyngeal can-

cers.27–29 This promotes the questions regarding the role of

persistent viral antigen, such as HPV, in the development of

head and neck cancers to a high priority.

While the precise role of HPV in oropharyngeal tissues is

unknown, it still represents a potentially important therapeu-

tic target which can be affected with the cervical multivalent

HPV vaccine. The question we addressed in this paper was

whether there might be another virus that contributes to

the development of oral cavity cancers. Thus we undertook

examining expression of markers that might indicate the

presence of novel viruses in these cancers. Utilising qPCR,

we evaluated the expression levels of a variety of gene targets

that would be expected to increase from constitutively low

levels of expression to higher levels in the presence of antigen

stimulation from viral and/or bacterial infection,11–13 and

compared the expression of these genes in normal and tu-

mour tissue of the oral cavity and oropharynx. The expres-

sion patterns of these targets were evaluated in HPV-

positive oropharyngeal tumour and HPV-negative normal oro-

pharyngeal tissue and HPV-negative oral cavity tumour and

normal oral cavity tissue.

Our results demonstrated that the HPV-positive oropha-

ryngeal tumours displayed gene expression patterns indica-

tive of a viral signature. Every gene, with the exception of

hBD-1, displayed greater than twofold increased expression

in the tumours as compared to normal samples. In contrast,

we saw no evidence of either a viral or bacterial signature in

the oral cavity tumours examined. This would suggest that

either the presence of a currently unidentified virus in the

oral tumour samples is not eliciting a typical immune re-

sponse, or that there are no novel viral sequences or viruses

present in the oral cavity tumours examined.

In an effort to validate that the increased expression of the

target genes in the HPV-positive oropharyngeal tumours rep-

resents the innate immune response to viral antigen and not
a general inflammatory response to tumour development, we

compared this to the expression levels of the same targets in

HPV-negative oropharyngeal tumour tissue. The comparison

shows greater than twofold increased expression of all gene

targets, with the exception of the hBD-1 negative control, in

the HPV-positive tumour tissue and supports our assumption

that this increased expression of target genes can indicate the

presence of viral antigen.

Based upon our results, we demonstrate that there is no

evidence of a viral signature in the oral cavity tumours exam-

ined. Our future work will involve analysing oral tumours

from younger patients lacking standard risk factors utilising

the new technology of Next Generation DNA sequencing,

which offers the capability of more comprehensively analys-

ing the alterations that occur during cancer formation. Next

Generation DNA sequencing can probe the entire transcrip-

tome of normal versus cancer tissue to examine changes in

gene expression as well as mutations in coding transcripts

and detect changes in DNA structure including deletions,

insertions and balanced reciprocal translocations.30 Finally,

we will be directly analyse samples for the actual presence

of bacterial and viral sequences and help delineate a potential

role for persistent antigen in the development and progres-

sion of these cancers.
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