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Abstract 
Background 

With close to 200 different human papillomavirus (HPV) types in the 

papilloma virus genome database (http://pave.niaid.nih.gov), it is not 
surprising that there are still uncharacterized novel HPVs present in the oral 

cavity and oropharynx.  

In our previous study we discovered and fully cloned three novel 
types of HPVs in healthy patients (Martin et al., J Clinical Virology. 2014 

Jan:59(1):30). We hypothesize that there are new, as yet unidentified 
oncogenic HPVs present in the oral cavity and oropharynx of head and neck 

cancer patients, which could be identified using next generation sequencing 
(NGS) technology. 

Objectives 

The objectives of this study were to: i) Discover novel HPVs using Next 

Generation Sequencing (NGS) technology in oral rinse samples collected from 
oral squamous cell carcinoma (OSCC) and oropharyngeal squamous cell 

carcinoma (OPSCC) patients; ii) Determine prevalence of novel HPVs in archived 
OSCC/OPSC tissue samples; and iii) Examine frequency of novel oncogenic 

HPVs in cancer and non-cancer oral rinse samples using real-time PCR. 
 

Methods 

We collected 110 oral rinse samples from healthy patients and 100 oral 

rinse samples from patients with OSCC/OPSCC. Enrichment of HPV DNA was 
completed using multiply-primed rolling-circular amplification (MP-RCA) 

techniques. Fluorescent arbitrarily primed (FAP) PCR methods were used to 
isolate the L1 region of potential novel HPVs. NGS was used to detect for HPVs 

from 7-pooled samples that consisted of samples that underwent enrichment 
and FAP PCR. Potential novel HPVs were identified through cloning and Sanger 

sequencing methods. BLASTn and PaVE databases were used for nucleotide 
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searches. Phylogenetic trees were created to determine related HPVs and 
genus.  

New primers and probes were created for the novel HPVs in order to test 
prevalence in 221 archived tissue biopsies and 210 oral rinse samples.   

 

Results 

We discovered three potential novel HPVs: NV14.4, NV69.1, and NV95. 
NV14.4 has 89% homology to HPV76; NV69.1 has 85% homology to HPV152; 

and NV95 has 77% homology to HPV147. From the archived tissue biopsy 
samples, only 0.8% of the OSCC patients were positive for NV14.4; NV69.1 and 

NV95 were not detected in the samples. Of the OPSCC oral rinse samples: 1% 
was positive for NV14.4; 13% was positive for NV69.1; and 1% was positive for 

NV95. Of the OSCC oral rinse samples: 6% was positive for NV14.4; 12.5% was 
positive for NV69.1; and 6% was positive for NV95. Of the other head and neck 

cancer oral rinse samples 12.5% was positive for NV69.1; NV14.4 and NV95 
were not detected. None of the non-cancer samples in the tissue biopsy set and 

the oral rinse sample set were positive for the three novel HPVs. 
 

Conclusions 

Novel, potentially oncogenic, HPVs can be detected in oral rinse samples 

using NGS technology in conjunction with cloning and Sanger sequencing.  
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Chapter I – Background & significance 
 
The human papillomavirus, the oral cavity, and oropharynx 
 

HPV is a circular, double-stranded DNA molecule consisting of 
approximately 8,000 base pairs [1]. More than 200 types of HPVs have been 

identified [2] and novel types continue to be added to the list [3]. HPVs are 
classified into mucosal and cutaneous categories, and into low and high-risk 

types according to their presence in malignant lesions of the uterine cervix [4]. 
HPV types 6 and 11 are examples of low-risk mucosal HPVs and cause genital 

warts, where as high-risk types such as HPV 16 and18 are considered 
oncogenic [4]. The E6 and E7 oncoproteins in HPV are responsible for 

deactivating p53 and Rb, respectively which are tumor suppressor proteins, and 
thus are essential for carcinogenesis [5-9]. Loss of p53 and Rb disrupts normal 

cell cycle regulation, which causes uncontrolled cell proliferation, inhibition of 
apoptosis, and genetic instability, thus resulting in formation of epithelial lesions 
of the skin or mucosa [5, 6]. Recent evidence shows that low risk types of HPV 

are not able to cause malignancy due to weak binding of E6 and E7 proteins to 
their cellular targets, as well as dissimilarities in mRNA splicing patterns and 

promoter positioning and regulation [10, 11].  
 The oropharynx includes the base of tongue, soft palate, tonsils, uvula, 

and posterior pharyngeal wall [12]. This area of the mouth is separate from the 
oral cavity, which includes the floor of the mouth, gingiva, buccal mucosa, hard 

palate, mobile part of the tongue, and lips [12]. When studies refer to oral cancer 
this usually includes both OSCC and OPSCC. In our research, we distinguish 

between the two cancers.  
 

The oropharynx and cervix are similar in terms of easy access for 
infection, as well being both derived from endoderm [13]. As a result of 

microabrasion or foreign body infiltration, HPV will invade keratinocytes via the 
exposed basement membrane [14]. It is theorized that in the oropharynx, 
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infection of exposed crypt cells by HPV occurs by introduction to the basal layer 
of the tonsillar epithelium and basement membrane that has been disrupted [6].  
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Figure 1.0 HPV infection and progression to oropharyngeal cancer. E6 will bind 
to p53 and inactivate its function; E7 will bind to retinoblastoma (Rb) and 
inactivate its function. The result are unstable, broken chromosomes, which 
could progress to oropharyngeal cancer.  
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Epidemiology 
 
 Worldwide, over 300,000 people will be diagnosed with OSCC and 

OPSCC – a disease that has a rate increase of >50% mortality rate each year 
[15, 16]. Even with some improvements in scientific efforts and screening, the 

mortality rate of OSCC remains high and the 5-year disease-free survival rate 
remains quite poor [17]. Well-established risk factors for OSCC include tobacco 
use and alcohol consumption [18]. However, recently, there has been an 

increase in the incidence of cancers arising in the oropharyngeal area [19] 
especially among younger individuals without the typical risk factors such as 

tobacco and alcohol use [19, 20]. HPV infection now has been identified as an 
etiologic agent for many such OSCCs, especially for OPSCCs [21-23].  

A recent International Agency for Research on Cancer (IARC) review 
estimated that 25.6% of OPSCCs worldwide were associated with HPV 

infection, which is just over 21,000 people (~17,000 males, ~4,400 females) [24]. 
In a paper by Gillison et al., the proportion of HPV-positive OPSCCs for specific 

geographical regions was presented - 56% in North America, 52% in Japan, 
45% in Australia, 39% in Northern and Western Europe, 38% in Eastern Europe, 

17% in Southern Europe, and 13% for rest of the world [12]. Studies done within 
the US reported 29% of case patients with HPV-positive OPSCC [25], and 3.9% 

from OSCC cases [21]. From our most recent study we detected HPV, 
specifically type 16, in 25% (19/76) of OPSCC case patients, and 12.5% (2/16) 

of OSCC patients.  
 Chaturvedi et al. [26] looked at data between 1988 and 2004 in three 

different states. They reported that the population-level incidence of HPV-
positive OPSCCs increased by 225%, while the incidence for HPV-negative 
cancers declined by 50% (n=271). The authors suggested that by 2020 the 

number of HPV-positive OPSCCs will surpass the annual number of cervical 
cancers. Complementary to these findings, data from Sweden also shows a 

parallel increase in both the incidence of tonsillar or base of the tongue SCC and 
the percentage of HPV-positive cases [27, 28]. HPV-positive tonsillar cancers 
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increased from 23% of the total in 1970-1979 [27] to 79% in 2007 [29]. And, for 
base of tongue SCCs an increased prevalence from 58% to 84% was seen, for 

HPV-associated cases, between 1998 and 2007 [28]. Similar trends of 
increasing incidence and prevalence of HPV-positive OSCCs have been noted in 

Australia and Canada [30, 31].  
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Figure 1.1 (Chaturvedi et al. 2011, J CLin Oncol). (A) Observed and projected 
incidence rates and bootstrap 95% CIs (ages 30 to 84 years) for oropharyngeal 
cancers overall (solid squares), oropharyngeal cancers among men (solid 
circles), oropharyngeal cancers among women (open circles), and cervical 
cancers (open squares). (B) Projected annual number of patients (ages 30 to 84 
years) of oropharyngeal cancers overall, oropharyngeal cancers among men, 
oropharyngeal cancers among women, and cervical cancers through the year 
2030. (C) Observed and projected incidence rates for oropharyngeal (solid 
squares), oral cavity (open squares), larynx (solid circles), and other pharynx 
(open circles) cancers. (D) Projected annual number of patients with 
oropharyngeal, oral cavity, laryngeal, and other pharynx cancers through the 
year 2030. 



	   13	  

Risk factors 
 
 Internationally, over time, there have been changes in sexual behaviors 

with the age of sexual interaction beginning much younger, along with the 
increasing number of sexual partners one has [32-34]. As well, sexual practices 

have changed with oral sex being performed more by men and women within 
the 30-49 year age range compared with older adults [33]. As such, it is not 
surprising that HPV infection of the oral cavity is strongly associated with sexual 

behavior, but what is still perplexing is that it is twice as predominant in males 
than in females [12]. A multicenter study observed that the frequency of HPV 

detection in oral cancer biopsy specimens was higher among individuals who 
reported having more than one sexual partner or having oral sexual contact [21]. 

Furthermore, an increased risk of oral cancer has been reported both in women 
with cervical cancer and in spouses of women with cervical cancer [21, 35]. 

These results may collectively suggest a common mode of HPV transmission 
between the oral and genital area, reinforcing the possibility of sexual 

transmission of the virus in the oral cavity.  
Recent studies demonstrate a non-sexual contact, which includes 

salivary transmission via deep kissing being linked to HPV infection [36, 37]. 
However, data on cervical HPV infection shows that 90% of HPV infections 

should clear within 1-2 years, with the other 10% having continual infection and 
an increase risk of developing SCC [38]. Potential reservoirs for the virus are 

proposed to be the tonsillar crypts [27, 39] as well as periodontal pockets [40]. 
There has even been an association seen between long-standing periodontitis 

and the risk of tongue cancers [41]. Thus, poor oral health remains a risk factor 
for HPV infection. As well, there seems to be a distinct risk profile for HPV-
positive OPSCC compared with HPV-negative cancers, which includes factors 

such as being a young, white male, with a high number of sexual partners, and 
history of marijuana use [23, 42].  

 One study showed that former smokers had over two times higher a risk 
of acquiring oral HPV infection, and current smokers had almost three times the 
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risk [43]. A very recent large cross-sectional study by Fakhry et al. presented a 
statistically significant dose-response relationship between current tobacco use 

and oral HPV16 infection [44]. Their results showed that oral HPV16 prevalence 
was higher in current tobacco users compared with never or former tobacco 

users (n=6,887, p=0.004). 
 
HPV association 
 

The most prevalent type of HPV associated with oral infection is type 16 

[45, 46]. Data from studies that included at least 30 cases, found HPV 16 in 80-
100% of HPV-positive OPSCC patients [47], and type-specific carcinogenicity 

has been evidenced for HPV 16 [48]. In contrast, the relative contribution of HPV 
16 in cervical cancer is ~61% [49]. HPV types 18, 31, 33, 35, 52, and 58 are 
additional HPV types hypothesized to be associated with OPSCC [26, 50].  

 
Natural history 
 
 Compared with head and neck squamous cell carcinoma (HNSCC), little 
is known about the natural history of oral HPV infections [51]. Fakhry et al. 

showed that sampling carried out at 6-month intervals was deemed to be 
suitable for future natural history studies of oral HPV infection [52]. OPSCC 

involves transformation of benign tumors where normal epithelium progresses to 
dysplasia, in situ carcinoma, and then to invasive carcinoma [51].  In 10 different 

studies, HPV status was analyzed in benign, dysplastic, and invasive carcinoma 
lesions. Overall, the odds of detection of HPV in both dysplastic lesions and 

invasive carcinoma were 3 times as high compared to tissue without dysplasia 
or cancer [51]. No difference was seen in the odds of detection between mild, 
moderate, and severe dysplasia [53]. Thus, what the authors are proposing is 

that HPV is found in early precancerous lesions of the oral cavity, which is 
comparable to cervical cancer.  
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Pathogenesis 
 

The information that we have on the pathogenesis of cervical cancer is 
what is used to help create a model for OSCC and OPSCC. Studies on the 

epidemiology and molecular biology of OSCC/OPSCC assist in providing 
evidence for the causal relationship of oncogenic HPVs [51]. For example, the 

observation that short hairpin RNA-mediated inhibition of HPV 16 E6 and E7 
expression leads to the restoration of p53 and Rb tumor suppressor pathways, 

and thus results in apoptosis, provides proof that HPV is directly oncogenic in 
oral cancer [54, 55]. In HPV-associated oral cancers, the HPV genome can be 
found integrated in the host genome or in its episomal form [56]. In tonsillar 

cancer specifically, the HPV genome has been found in its episomal form in 40-
100% of cases [56, 57]. An explanation for how HPV remains in the tissue in 

episomal form and stays transcriptionally active is not available, but could 
involve the E2 protein binding episomal HPV to cellular mitotic spindles [58].  

 p16 is a cellular tumor suppressor protein that is often overexpressed in 
OPSCC due to HPV activity [51]. It has been shown that HPV-positive oral 

cancers are associated with wild-type p53, low Rb levels, and p16 
overexpression, whereas in tobacco- and alcohol-associated oral cancer, 

mutated p53 and high Rb levels are present; and as a result of point mutations, 
promoter methylation, homozygous deletion, and low expression of p16 are also 

found [55, 59-61].  
 
Prevention, detection, and treatment 
  

There is currently not a gold-standard for oral HPV detection [62]. The 
most common methods for HPV detection within the mouth and oropharynx 
begin with collection of cells with a cotton swab, cytobrush, or a mouth rinse 

[63], followed by the use of PCR-based assays or DNA in situ hybridization [64]. 
However, there are challenges with certain techniques. For example, the use of 

a swab/brush limits the amount of mucosa that is sampled, and obtaining a 
sample from a non-visible lesion within the tonsillar crypt may not be feasible 
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[65]. The base of the tongue is not entirely accessible either as there is both flat 
mucosa and tonsillar tissue, thus increasing the risk for false negatives [66]. We 

chose to use a mouth rinse technique for sample collection as it is non-invasive, 
quick, and simple for the patient.  

During the diagnosis of OPSCC/OSCC, it is rare for patients to receive 
HPV testing even when they do not have the traditional risk factors (ie. smoking 

and drinking). With the rising numbers of OPSCC it is imperative that we have 
oral HPV infection information, which would assist in providing a more accurate 

picture for all patients as smokers could also have HPV infection, which may be 
increasing their risk of cancer.  
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Figure 1.2 (Lingen, Cancer Prev Res. 2011. 4(9):1350-1352). Anatomic 
differences in cervical and tonsillar mucosa affect the ability of the cytobrush to 
collect premalignant or malignant epithelial cells. A, the cytobrush is able to 
obtain an adequate and representative collection of atypical or cancer cells from 
a relatively flat and uniform cervical mucosa. B, the cytobrush has difficulty in 
obtaining an adequate and representative sample of dysplastic or malignant 
tonsillar mucosa, particularly when these lesions are lurking deep within a 
tonsillar crypt (running diagonally from top of tonsil to lower left), which would 
not be sampled using a conventional cytobrush. The large, oval structures to the 
left or right of the crypt are lymphoid follicles, with lymphoid cells (blue) 
emanating from them. 
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Analyzing p16 expression has been used as a biomarker for HPV-
associated OSCC/OPSCC, but studies have reported that p16 overexpression is 

not always present in cases involving oncogenic HPVs [67-70].  In fact, a recent 
study concluded that p16 should not be used as a surrogate marker for HPV 

infection in oral cancers due to poor concordance between the two [71]. These 
findings support an earlier study which indicated that p16 

immunohistochemistry (IHC) alone is not a reliable method for HPV detection in 
OSCC/OPSCC cases [17]. 

Though there are differences in anatomy, the standard treatments for 
OPSCC and cervical cancer share similarities [12]. Clinical stage at diagnosis is 

what determines primary therapy. For early stages in either cancer, surgical 
resection is common, and the prerequisite for adjuvant postoperative 

radiotherapy [72, 73] or chemoradiotherapy [74-76] is based on observations of 
histology from the resection. In confined OPSCCs, primary radiotherapy by itself 

is comparable to early stage surgery, but this method is not effective in cervical 
cancers [77]. For both OPSCC and cervical cancer cases involving large primary 

tumors or regional nodal metastasis, the preferred treatment is primary 
chemoradiotherapy. In recurrent or metastatic cases, palliative platinum-based 

combination chemotherapy (ie. cisplatin and paclitaxel) is the standard of care. 
Even with these available treatments, there still is not a specific therapy for HPV-
associated malignancies, which would target viral oncoproteins. Nor, is there a 

primary preventative or validated screening method in place [12].  
 A study published recently provides evidence that HPV vaccines used to 

prevent cervical cancer can be effective in preventing infection of oral HPVs. In a 
randomized clinical trial in Costa Rica, 7,466 women between the ages of 18-25 

years were given the HPV16/18 vaccine or hepatitis A as a control [78]. During 
the last visit of the blinded 4-year study, 5,840 subjects gave oral specimens in 

order to evaluate vaccine efficacy (VE) against oral infections. The results 
demonstrated a VE of 93.3%. The authors theorized that if protection was seen 
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in females the same should occur in males, and that this could be a primary 
preventative measure for HPV-related oral cancers.  

 

Hypothesis 
 
We hypothesize there are unidentified HPVs in OSCC/OPSCC patients, and oral 
rinse sample collection is an effective method for identifying novel HPV types. 
 
Specific Aims 
 
1. Discover novel HPVs using NGS technology in oral rinse samples collected 
from newly diagnosed and untreated OSCC and OPSCC patients.  
 
2. Determine prevalence of novel HPVs in archived OSCC/OPSCC tissue 
samples.  
 
3. Examine the frequency of novel oncogenic HPVs in cancer and non-
cancerous oral rinse samples. 
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Chapter II – Review of methods 
 
Sample collection and purification protocols 
 

Enrolling participants for studies where collection of bodily fluids is 

involved can be a daunting task. The healthy population seem to be less willing 
to participate in studies especially when they are asked to produce an oral rinse 

sample and answer health questions. Patients in general do not have a lot of 
time available when visiting the doctor. Thus, it is imperative to have a sampling 

technique that is easy, quick, non-invasive, and inexpensive with a simple 
questionnaire. And, one huge factor is being able to obtain high quality DNA 

from such samples.  
 Heath et al. compared 5 different mouthwashes (Cepacol, FreshBurst 

Listerine, Listermint, Scope, and Saline) for obtaining buccal cells for DNA 
clinical testing [79]. There were 5 factors used to evaluate the brands of 

mouthwash: 1) compatibility with the DNA purification chemistry, 2) DNA yield, 
3) DNA quality, 4) DNA stability at room temperature, and 5) mouthwash taste. 

For the first aim, purification chemistry compatibility was determined by 
observing the protein precipitation step. The supernatant formed contains the 

DNA and it is best if there are no contaminating dyes as this could interfere with 
downstream analyses. Of all the mouthwashes saline ranked best with Scope at 
a close second, and Listerine third. When comparing DNA yield (aim 2), 

standard UV quantitation was used. Scope was ranked first followed by Cepacol 
and Listerine. The same results were observed when testing DNA yield by 

Quantitative PCR. An amplification assay was used to test DNA quality, and all 5 
mouthwashes were given top scores as there were no significant differences.  

For aim 4, aliquots from each mouthwash were taken at 0, 4, and 7 days, and 
DNA was isolated and analyzed using gel electrophoresis. Scope demonstrated 

the most consistent high-molecular-weight DNA during the 7 days with no 
observed degradation.   

 



	   21	  

How palatable a mouth rinse is, is actually quite a significant factor in an 
oral rinse study. If subjects do not find the oral rinse taste appealing they will be 

less willing to keep it in their mouth for the full amount of time requested. In aim 
5, Listerine ranked best for taste followed by Scope, and Cepacol.  

Overall, Scope had the highest ranking out of all the mouthwashes, thus 
the authors used Scope for further investigation to determine an ideal technique 

for DNA yield. Proteinase K is used to increase DNA yields in tissue samples and 
other high-protein specimens, and glycogen is often used as a co-precipitant to 

enhance the precipitation of DNA when alcohol is present. Four treatment 
groups were created with interchanging absence and presence of proteinase K 

and glycogen. The results showed that combining proteinase K and glycogen 
produced a considerably higher yield than any of the other treatment groups. 

Thus, this study presented very good evidence that Scope brand mouthwash, a 
commercially available product, can be used in clinical studies for analysis of 

human DNA that is both effective and can produce valuable results.  
When comparing levels of inhibition in DNA detection, viral nucleic acid 

has a tendency to be affected more when compared to human DNA, which is 
only slightly affected; and DNA yields may be variable as well [80]. The variability 

in DNA yield is dependent on degree of infection and shedding, which can affect 
the sensitivity of detection. There is quite a bit of inconsistency between studies 
on the extent and whether or not oral HPV infection is associated with 

OSCC/OPSCC, and these differences could be due to sample processing 
methodology. D’Souza et al. performed a study where they compared and 

analyzed 5 different DNA purification methods used for detection of HPV in oral 
rinse samples [80]. With regards to the materials and methods, an oral rinse 

sample was collected by rinsing and gargling for 30s with 10ml of Original Mint 

Scope® mouthwash, and was stored at 4°C until further processing (48h 

maximum). A second oral rinse was collected 7 days after the first visit to 

measure concordance. Participants of the study were HIV-positive as this 
population has an increased risk for tonsillar cancer [81] and tonsillar HPV 
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infection [82]. The oral rinse specimens were transferred into 15ml tubes and 

centrifuged at 3,000 x g for 10 min. at 4°C. The supernatant was decanted and 

resuspended in 10 ml phosphate-buffered saline (PBS) and centrifuged again. 

PBS was chosen due to its compatibility with all subsequent DNA purification 
methods. The pellet was resuspended in 6ml of PBS and aliquoted equally into 

four tubes, and stored at -80°C until further processing. The 5 different DNA 

purification methods used in the study were: i) Puregene DNA purification kit, ii) 
phenol/chloroform extraction, iii) QIAamp DNA blood midi kit, iv) proteinase K 

digestion, and v) proteinase K digestion with ethanol. The last two methods 
listed were included because they are often used to extract DNA from cervical 

vaginal rinse specimens for HPV detection.  
The authors’ data proposes that the DNA purification protocol used on 

oral rinse samples can significantly affect results when detecting for HPV 
genomic DNA using PCR. It was also seen that PCR inhibition is a common 
problem for oral rinse samples. When comparing each of the purification 

techniques, the Puregene protocol demonstrated a much greater human cell 
yield. In addition, the number of subjects who were found to have oral HPV 

infection was considerably higher. The Qiagen kit and phenol-chloroform 
methods both produced a substantial loss of human DNA, which seemed to 

affect the ability to detect HPV DNA. In contrast, Puregene maintained high DNA 
purity while preserving human DNA yield, thus providing better results. This 

study showed that HPV prevalence could be underestimated in studies reporting 
results for unpurified or chemically contaminated oral exfoliate samples.  

The results for samples collected on day 1 and on day 7 had a low 
concordance, which may be due to sampling difference factors such as the time 

the subject last brushed his teeth or ate, or could indicate that oral HPV 
infection can be dynamic in an immunocompromised patient population. 

Another finding of interest was that infections with multiple types of HPV was 
seen to decrease multiplex assay sensitivity, which may be due to competition 

for primers by other HPV types with higher viral loads. 
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The authors propose that oral HPV prevalence may have been 

significantly underreported by as much as six-fold for studies not including 
further DNA purification after protein removal, and studies only using ethanol 

precipitation or phenol-chloroform extraction could have underestimated 
prevalence by 40-75%. Thus, this study emphasizes the significance of DNA 

purification in order to prevent the misclassification of HPV status (ie. false-
negative results) in oral rinse samples, and emphasizes that misclassification is 

very much dependent on the purification techniques used.   
 
PCR and MP-RCA 
 

PCR is considered to be of the highest sensitivity and can detect even a 
single copy of viral DNA per infected cell [83]. It is the most established method 

today for HPV detection in oral rinse samples [84]. However, for discovery of 
novel viruses, PCR relies on prior knowledge of a sequence and produces short 

amplicons [85] thus only having the ability to find closely related viruses [86]. 
HPV being a circular DNA molecule can be amplified using a rolling-circle 
mechanism, which makes rolling-circle amplification (RCA) a suitable technique 

[86]. In multiply primed (MP)-RCA the polymerization process is primed by 
exonuclease-resistant random hexamers that bind at multiple locations on the 

circular template DNA, thus creating multiple replication forks [87]. With the use 
of random hexamer primers, custom primers and information of the sequence 

are not required for amplification. The bacteriophage Φ29 DNA polymerase, a 

high-fidelity enzyme with a strong strand-displacing capability, high processivity 
(>70,000 bases per binding event), with great stability and proofreading activity, 

is the enzyme used in MP-RCA [88]. MP-RCA has been demonstrated to amplify 
circular DNA templates up to 107-fold [89].  

 A major drawback in the process of discovering novel HPVs is the lack of 
a conventional cell culture system for in vitro viral reproduction [86] . In the past 

new cutaneous HPVs were discovered with the use of degenerate-primer PCR 
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methods where primers were created using previous knowledge on the L1 gene 
since it is the most conserved region of the papillomavirus genome [86]. 

Because this technique is restricted to discovering HPVs that are related to 
previous types, Rector et al. tested to see if complete circular double-stranded 

DNAs of papillomaviruses could be amplified without any need for prior 
knowledge of their sequences using MP-RCA. HPV 16 genomic DNA was 

extracted from the human cervical keratinocyte cell line W12, which had ~100 
copies of HPV 16 mostly in episomal form [90]. For the unknown papillomavirus 

genotype, a biopsy of a fibropapillomatous wart from a bovine udder was the 
source of the sample. For the W12 cells, DNA was extracted using the QIAamp 

DNA blood minikit (Qiagen), and DNA from the bovine tissue was isolated using 
the phenol-chloroform-isoamyl alcohol extraction method. MP-RCA was 

performed with the TempliPhi 100 amplification kit (Amersham Biosciences). The 
complete papillomavirus genomes were isolated, cloned, and analyzed by 

agarose gel electrophoresis. Results showed that using the unmodified 
TempliPhi kit, according to the manufacturer’s protocol, produced quite a low 

amplification efficiency (172-fold). The use of a more diluted and larger circular 
DNA molecule as input material is apparently less efficient than the pUC18 DNA 

control. The authors added an extra 450µM of dNTPs and were able to achieve 
an amplification efficiency of up to 2.4 x 104-fold. This was the optimal amount 
found to improve amplification efficiency as too many dNTPs could interfere 

with the sequencing reaction. The unknown papillomavirus was found to have a 
99% homology with bovine papillomavirus-1 (BPV-1) isolate 307. The authors 

concluded that their study presented a promising technique for amplification 
and isolation of novel human and animal papillomaviruses without the prior 

knowledge of their sequences.  
FAP PCR is a method in which degenerated primers, created from 

conserved L1 regions of HPV, are used to detect for a broad range of HPVs [91]. 
A band seen at approximately 480bp indicates a positive sample.   
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Figure 2.0 (Rector et al. 2004, J Virology). Schematic representation of the MP-
RCA method for amplification of the complete circular double-stranded DNA 
genomes of PVs (A). In a first denaturation step, the PV episomal DNA is 
rendered single stranded. Exonuclease-protected random hexamer primers (—) 
can now anneal to multiple sites on this template DNA, after which the φ29 DNA 
polymerase (•) binds (B) and isothermally extends these primers at the 3′ end 
(→) (C). Strand displacement synthesis occurs when the DNA polymerase 
reaches a downstream extended primer, and hexamer primers can anneal to the 
displaced single-stranded product strands and will again be elongated by the 
φ29 DNA polymerase (D). Continuation of this process results in exponential 
amplification of the template DNA, generating linear double-stranded, high-
molecular-weight repeated copies of the complete PV genome (E). Digestion of 
this multiply primed RCA product with a restriction enzyme which has only a 
single recognition site in the PV genome will result in multiple double-stranded, 
linear copies of the PV complete genomic DNA (F), which can be visualized as a 
single band of ca. 8 kb by agarose gel electrophoresis (G). Lane M, DNA 
molecular size marker (Fermentas). 
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Whole genome sequencing 
 

Sanger sequencing technology was introduced in 1977 and was the 1st 

generation of sequencing technology available [92]. It was also the technology 
used for the human genome project [93], which was completed in 2001. The 

next generation sequencing (NGS) platforms developed after the Sanger 
technology, perform better in terms of read lengths, applications, manpower, 
and efficiency. Three major NGS platforms are Roche 454, AB SOLiD, and 

Illumina GA/HiSeq. The 454 GS FLX from Roche carries out a pyrosequencing 
mechanism which is fast with long read lengths, however the error rate is higher 

compared with the other two platforms; also, cost is high and throughput is low. 
The HiSeq2000 (Illumina) sequences via synthesis and has a high throughput 

and a low reagent cost, but creates short assembly reads. SOLiDv4 (AB) uses a 
ligation and two-base coding mechanism for sequencing, which is very 

accurate, but also has a short read assembly. Thus, the type of NGS platform 
that is chosen is dependent on a variety of factors.    

 The molecular diagnostic tools available for HPV detection are mainly 
PCR-based, which are targeted towards known HPV types and those prevalent 

in the developed world [94]. Such tests are not useful for detecting rare or novel 
HPVs. NGS technologies have made it possible to study the variety of viruses in 

clinical samples without knowledge of the sequence beforehand [95]. Meiring et 
al. used the Illumina sequencing platform to detect and genotype the HPV types 

present in a complex multiple infection of a cervical specimen taken from an 
HIV-infected South African woman [94]. The Roche Linear Array (LA) HPV 

genotyping detection kit was used on the same specimen in order to compare if 
certain HPVs were detectable with a readily available diagnostic tool. The Roche 
LA detected twelve HPV types in one sample, which was selected to undergo 

NGS. The sample was enriched using a randomly primed RCA technique before 
being sequenced by the Illumina GAII system. A total of 9,818,116 short 

sequence reads (SSRs) of 76 nucleotides (nt) in length were obtained and were 
trimmed with FASTx-Toolkit to 41 nt. Following the trim, de novo assembly with 
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Velvet and CLC Genomics Workbench was carried out where human DNA was 
mapped and excluded from further analyses. Four contigs were the result of the 

de novo assembly, and full-length HPV genomes were characterized with top 

BLAST hits to HPV types 39, 40, 16, and 56 with type 39 having the highest 
copy number. The genomes for HPV types 30, 39, 40, 16, and 56 were 

completely assembled, where the less abundant types did not have the ability to 
undergo de novo assembly. Sixteen HPV types were found through Illumina 

sequencing compared to the twelve types with Roche LA. The authors 

concluded that the use of RCA and Illumina sequencing decreases many of the 
difficulties connected to PCR-based HPV detection methods, which require 
prior knowledge of the genome. Other problems such as false positives due to 

cross-reactivity between types, false negatives related to low viral loads, and 
biased amplification, which creates difficulty in identifying all the types in 

multiple infections [96-98]. Since the study was completed there has been much 
improvement with NGS, which include paired-end sequencing, multiplexing and 

increased sequence output.   
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Figure 2.1 (Ross and Cronin, American Journal of Clinical Pathology. 2011. 
136(4):527-39). Whole cancer genome sequencing on the Illumina platform.  
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Pilot study on oral rinse samples 
 

We performed a pilot study in order to determine whether HPV types 16 

and 18 could be detected in 19 oral rinse samples collected from 15 HIV 
positive Senegal women. 11 were positive for HIV-1 and 4 were positive for HIV-

2. Of matched cervical swab samples, eight were positive for HPV 16, one was 
positive for HPV 18, and ten were negative for both HPVs. There were 4 patients 
that contributed 2 samples each for a total of 19 samples. Quantitative Taqman 

real-time (RT)-PCR assays with primers specific to the E6/E7 region of the HPV 
genes was used for detection. The total volume was a 5µl reaction containing 

1µl DNA template, 2.5µl Taqman Universal Master Mix, 1µl reverse and forward 
primers (3µM), 0.1µl probe (10µM), and 1.4µl dH2O. RT-PCR was run on the ABI 

Prism 7900 Sequence Detection System with ~40 cycles in a reaction 

(denaturation at 95°C, annealing at 50°C, and extension at 72°C). 

 Absolute quantification was determined on the oral rinse samples for both 

HPVs expressed as HPV copy number/µl, and the Alu gene. Serial dilutions of 
human genomic DNA, and the E6/E7 regions of HPV 16 and 18 with 

concentrations of 101-106 copies/µl, were used as standard curves.  
 Only one sample came out positive for HPV, which was type 18. From our 

results we concluded that oral rinse samples used for the detection of 
oncogenic HPVs was a non-invasive and effective method. Limitations to our 

study include small sample size, archived samples were used (1995-1998) in 
which DNA degradation may have occurred, and we only detected for HPVs 16 
and 18 but not other high-risk types being detected. Finally, HPV prevalence 

difference may represent the difference of different study populations.  

 
Characterization of four novel HPVs from healthy individuals 
 

In our previous study, we isolated four novel HPVs from oral rinse 

samples collected from healthy individuals using RCA coupled with degenerated 
PCR assay [99]. Full-length HPV DNA was cloned for three of the four novel HPV 

types using long range PCR. Our samples were obtained from a longitudinal 
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study investigating the natural history of HPV infection in the male population. 
41/48 archived oral rinse samples were selected for isolation of novel HPV 

types. Participants were asked to rinse and gargle with 10ml of Scope® 
mouthwash (Proctor&Gamble) for 30 seconds, the sample was centrifuged and 

the cell pellet was resuspended in 1ml of STM [100]. Genomic DNA was isolated 
using the QIAamp DNA mini kit (Qiagen), and MP-RCA was used on each 

sample using the TempliPhi 100 amplification kit (GE healthcare). We modified 
the MP-RCA technique in order to optimize papillomavirus amplification, which 

used the following conditions: 1µl of DNA (~50-100ng of sample DNA) was 

mixed with 5µl of sample buffer, heated at 95°C for 3 min., then cooled to 4°C; a 

5µl mixture was added to each cooled sample containing approximately 5µl 

reaction buffer, 0.2µl enzyme mix and 0.047µl of 25mM dNTPs; incubation of the 

samples took place at 30°C for 16 hours followed by heating for 10 min. at 65°C 

and cool down to 4°C; samples were stored at -20°C.   

Four consensus PCR assays [91, 101-103] were performed on the MP-
RCA amplified samples, and agarose gel electrophoresis was used to determine 

correct size of PCR product. The FAP PCR protocol detected the four potential 
new HPV types. The PCR product was cloned using the TA cloning kit 

(Invitrogen) and at least two clones from each PCR product were sequenced. 
BLASTn searches were used to determine the presence of HPV sequences. 

Primers were created using the cloned HPV fragments for long range PCR using 
the Stratagene kit. Three new HPV types underwent cloning, and sequencing of 

the HPV PCR product (~6-7kb) was then carried out. A Bayesian phylogenetic 
tree was created by BEAST v1.6.2 [104]. The three fully cloned new types are as 

follows: HPV 171, which was most homologous to HPV 169 (88%); HPV 172 
with homology to HPV 156 (70%); and HPV 173 with most homology to HPV 4 

(73%). OSL 37, which was not fully cloned had a 69% homology to HPV 144.  
 The prevalence of the novel HPV types was also determined in archived 

oral tissue blocks. 158 blocks were selected from the Department of Pathology 
at The University of Washington, which included 76 normal oral tissue blocks (56 
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from oral cavity and 20 from oropharynx), 82 malignant oral tissue blocks (66 
from patients with OSCC with biopsies from the oral cavity, 16 from patients 

with OPSCC with biopsies from the oropharynx). DNA was isolated from 80µm 
tissue block sections using RecoverAllTM Total Nucleic Acid Isolation Kit for 

FFPE Tissues (Applied Biosystems) using the manufacturer’s protocol. DNA 
concentration was determined by UV spectrometer. Type-specific Taqman 

assays were created for the novel HPVs based on the E6/E7 region. RT-PCR 
was performed with the ABI Prism 7900 Sequence Detection System. Absolute 

quantification was performed on the archived tissue samples for each new HPV 
and Alu, and expressed as copy number per 100 cells. Serial dilutions of human 

genomic DNA as well as full-length HPV plasmids of known concentration were 
used as standard curves.   

All analyses were conducted using SAS version 13.1. In our previous 
study, we found that HPV 171 was detected slightly more in malignant tissue 

samples (21% vs 13%, p=0.21), HPV 172 was only detected in normal tissue 
samples (33% vs 0%, p<0.0001), and HPV 173 was rarely detected in the 

samples [99]. The prevalence of HPV 16 and 18 was also determined. HPV 16 
had similar prevalence in both normal and malignant tissue samples (11% vs 

13%, p=0.67), but the average viral load in malignant samples was notably 
higher than in normal samples (p<0.0001), even after adjusting for age 
(p=0.0005). This same trend was seen in HPV 171 in malignant samples 

(p=0.01), but not after adjusting for age (p=0.12). We concluded that our study 
further confirms that the oral cavity harbors many unknown HPV types, mainly of 

the gammapapillomavirus genus.  
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Chapter III – Materials & Methods 
 
Specific Aim 1a. Discovery of novel HPVs using high throughput 

sequencing technology in oral rinse samples collected from newly 

diagnosed and untreated OSCC/OPSCC patients:  

We collected 100 samples from OSCC/OPSCC and 110 samples 
from the normal healthy population. Each patient answered a simple health 

questionnaire, and rinsed and gargled for 30 seconds with Original Mint 

Scope® mouthwash. Four control patients requested to use Crest® Alcohol 

Free mouthwash due to a history of alcoholism. Oral rinse samples were 

centrifuged for 15 min. at 4°C to form a pellet, the supernatant was 

discarded, and the pellet was placed in -80°C until further processing. The 

Puregene® DNA Purification Kit for purification from buccal cells 

mouthwash was used to isolate genomic DNA and manufacturer’s protocol 

was followed. Absolute quantification was determined for the isolated DNA 
samples for HPVs 16 and 18 expressed as HPV copy number/µl, and the Alu 

gene by RT-PCR. Serial dilutions of human genomic DNA, and the E6/E7 
regions of HPV 16 and 18 with concentrations of 101-106 copies/µl, were 

used as standard curves.  

HPV16 E7 Primers 

Forward: CGGACAGAGCCCATTACAATATT 
Reverse: CGCACAACCGAAGCGTAGA 

 
HPV16 E7 Probe: TAACCTT(T/C)TGTTGCAAGTGT 
 

HPV18 E7 Primers: 
Forward: CCGACGAGCCGAACCA 

Reverse: TGGCTTCACACTTACAACACATACA 
 

HPV18 E7 Probe: AACGTCACACAATGTT 
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Alu Primers 

Forward: GGCCAACACGGTGAAACC 
Reverse: CCACGCCCGGCTAATTTT 

 
Alu Probe: CGTCTCTACTAAAAATAC 

 

Taqman Assay: 

2.5µl Taqman master mix 

1µl Primer (forward + reverse, 3µM) 

0.1µl Probe (10µM) 

0.4µl MgCl2 (50µM) 

1µl DNA template 

Total = 5µl reaction 

 

From the RT-PCR results, specific samples were selected to undergo 

MP-RCA in order to preferentially amplify unknown HPV DNA. In the MP-
RCA protocol, which was optimized for papillomavirus amplification [86], we 

used 1µl of sample and added 5µl of sample buffer; using a thermocycler 
samples were heated for 3min at 95ºC then cooled to 4ºC; 5µl of TempliPhi 
premix (5µl reaction buffer, 0.094µl of 25µM dNTPs, 0.2µl enzyme mix) was 

then added to the sample. Reactions were incubated for 16hrs at 30ºC and 
then for 10min at 65ºC followed by cooling to 4ºC. HPV DNA was 

preferentially amplified by MP-RCA and RT-PCR Taqman assays were used 
to verify this using the HPV16 gene and Alu house-keeping gene.   

FAP PCR was performed on the amplified samples and PCR 
products determined by agarose gel electrophoresis. All 100 of our oral 
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rinse samples underwent this process of validation. Samples positive for 
HPV DNA and ones suspected were pooled and sent in two different rounds 

of NGS. First round: 1) FAP PCR positive, 2) HPV 16 positive RCA, 3) FAP 
PCR positive RCA, 4) OPSCC RCA. Second round: 1) FAP PCR RCA, 2) 

FAP PCR RCA2, 3) FAP PCR RCA16. The Illumina HiSeq2500 platform was 
used to perform whole genome sequencing. 

FAP primers: 
NBK1026 (FAP64 without 5' tag) 

CCWATATCWVHCATITCICCATC 

NBK1025 (FAP59 without 5' tag)  

TAACWGTIGGICAYCCWTATT 
 

FAP PCR master mix: 
5µl 10x PCR buffer  

7µl 25µM MgCl2 
1µl  25 µM dNTPs 

3.8µl NBK1025 (10µM) 
3.8µl NBK1026 (10µM) 

0.25µl AmpliTaq Gold enzyme 
27.15µl dH2O 
2µl DNA template 

Total = 50µl 
 

FAP PCR thermocycler protocol: 
1. 94ºC for 10min 

2. 94ºC for 1.5min 
3. 50ºC for 1.5min 

4. 72ºC for 1.5min 
5. Go to step 2 for 44 cycles 
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6. 4ºC forever 
 

Samples were run on a 1.5% agarose gel (1.0g agarose + 0.5g Nusieve) with 3µl 
ethidium bromide for 1hr 10min at 110V. Expected band size is ~480bp. 

As for supervised assembly, a total of 189 HPV L1 gene sequences and 
whole genome sequences were downloaded from the papillomavirus knowledge 

source at http://pave.niaid.nih.gov/. This data set includes a number of Non-
reference genomes. Shot reads were aligned to the L1 gene region using BWA 

(http://bio-bwa.sourceforge.net/, version 0.7.12) with default settings. 
Subsequently, the whole genome sequences were used as the reference 

database if majority of the short reads did not map to the specific L1 gene 
region. 

De novo assembly strategy was applied for cases where the majority of 
the short reads did not align to HPV genome sequences at all. The short reads 

were first aligned to the human genome UCSC hg19 
(http://support.illumina.com/sequencing/sequencing_software/igenome.html), 

and then unmapped reads were selected to run Velvet 
(https://www.ebi.ac.uk/~zerbino/velvet/, version 1.2.10) to construct high quality 

unique contigs. Contigs (Fig. 3.0) with 200 bp or larger in length and with a 
minimum 100 coverage were aligned (blastn) to both HPV Specific database at 
http://pave.niaid.nih.gov/#search/pv_specific_blast, and to NCBI nucleotide 

collection (nt) database at 
http://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSe

arch&LINK_LOC=blasthome. 

BLASTn and PaVE were used to determine homology of the 

sequences to HPV. A homology of <90% of the L1 region indicates a novel 
HPV [2, 105]. Figure 3.1 demonstrates the process of how to submit a novel 

HPV.  
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Figure 3.0 Schematic of contig formation 
(http://genome.jgi.doe.gov/help/scaffolds.html). 
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Figure 3.1 Novel HPV submission process 
(http://pave.niaid.nih.gov/#explore/taxonomy/submission_process). 
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Specific Aim 1b. Cloning and sequencing of FAP PCR positive samples: 
 

Ten samples that were FAP PCR positive but not HPV16 positive, 

underwent regular sequencing to determine if they were novel HPVs. Five 
samples had ambiguous and poor quality results, thus cloning was 

performed using CloneJet PCR Cloning Kit by Thermo Scientific. 
Sequencing by Genewiz was executed after cloning followed by BLASTn 
(http://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE=Proteins/ ) and PaVE 

(http://pave.niaid.nih.gov/ ) database search for similar HPVs. Chen et al. 
recommend using both databases in order to determine homology [106]. 

Clustal Omega was used to align multiple sequences to produce a 
phylogenetic tree for observation of evolutionary relationships 

(http://www.ebi.ac.uk/Tools/msa/clustalo/). Novel viruses were compared to 
all 175 HPVs in the PaVE database and sequences from the L1 region were 

obtained.  

 

Specific Aim 2. Prevalence of novel HPVs in archived OSCC/OPSCC 

tissue samples:  

With the identification of novel types of HPV, the presence of the new 
viral sequences in 106 normal and 115 malignant (OSCC/OPSCC) oral 

tissues was determined by HPV-type specific quantitative RT-PCR Taqman 
assays. Archived oral tissue blocks were accessed through the Department 

of Pathology’s repository. A total of 80 µm of tissue was cut with a 
microtome and a new blade for each tissue block to eliminate 

contamination. Genomic DNA was isolated using RecoverAllTM Total Nucleic 
Acid Isolation Kit for FFPE Tissues (Applied Biosystems) according to 

manufacturer’s protocol. Primers and probes specific for the novel HPVs 
were created and used for detection.  
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OligoArchitect by Sigma (http://www.sigmaaldrich.com/technical-
documents/articles/biology/oligoarchitect-online.html) was used to create 

custom primers and probes for three potential novel HPVs.  
Stata version 13.1 was used to analyze data. Chi-square or Fisher’s 

exact tests was used to determine the novel viral frequency differences 
between the case and control populations.  CART (Classification and 

Regression Tree) analysis (Salford Systems) was used to identify potential 
viral-viral or viral-genetic interactions associated with OSCC/OPSCC.  The 

potential role and association of these novel HPVs was determined by 
viewing the relationships of related HPVs. 

Given a sample size of 100 cases and 100 controls without cancer, we 
had sufficient power to detect meaningful differences in HPV prevalence (Figure 

1).  For example, if novel HPV types are detected in 5% of control samples (p0), 
we have 80% power to detect differences in HPV prevalence if at least 19% of 

case samples have novel HPV detected (red line).  Similarly, if 15% of controls 
have novel HPV detected, we have 80% power to detect differences if at least 

33% of cases have novel HPV types (pink line).  
 

 
Figure 3.2 Power curves for detection of HPV in cases, with HPV detection in 
controls varying from 5% to 20%. 
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Specific Aim 3. Determine frequency of novel oncogenic HPVs in 

cancer and non-cancer oral rinse samples:  

Using RT-PCR Taqman assays we determined the frequency of the 

novel oncogenic HPVs in cancer and non-cancer oral rinse samples. 
Specific primers and probes for the novel HPVs was used for detection.  

OligoArchitect by Sigma (http://www.sigmaaldrich.com/technical-
documents/articles/biology/oligoarchitect-online.html) was used to create 

custom primers and probes for three potential novel HPVs.  
Data analysis will be done using Stata version 13.1.  
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Chapter IV - Results 
 
Specific aim 1a results 
 

 
Figure 4.0. Details for process of 7 pooled samples during whole genome 
sequencing (WGS). OCL represents patient sample numbers.  
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Table 4.0 MP-RCA preferential amplification. HPV16 acted as a positive control, 
and Siha a negative control. 
 
 HPV16 gene Alu gene  
Sample Before MP-

RCA (Ct) 
After MP-
RCA (Ct) 

Before MP-
RCA (Ct) 

After MP-
RCA (Ct) 

Enrichment* 

HPV16 32 16 34 35 786,431 
Siha 29 30 26 24 0.5 
*Enrichment was calculated using the 2-ΔΔCt method, where ΔΔCt= [CtHPV(after 
RCA)- CtHPV(before RCA)]- [CtALU(after RCA)- CtALU(before RCA)]  
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Figure 4.1 MP-RCA results for HPV16 plasmid acting as a positive control. The 
enrichment was almost 800,000-fold thus indicating a large amount of 
preferential amplification. 
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Figure 4.2 MP-RCA results using the Alu house-keeping gene to show that 
preferential amplification occurred mainly in circular HPV DNA and minimally in 
genomic linear DNA.  
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Figure 4.3 FAP PCR gel electrophoresis results. Lane 1 represents the DNA 
base pair ladder; lanes 2-7 represent HPV negative samples with the exception 
of lane 4, which was positive for the L1 region of HPV at ~480bp. Lane 8 was 
the negative control and lane 9 the positive control.  
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Table 4.1 NGS data analysis. 
 

1st round of NGS Total Reads Mapped Reads % Mapped Reads 
to L1 gene 

I) FAP PCR 338374994 277598421 82.04 
II) HPV16 RCA 394607770 9 0 
III) FAP PCR RCA 380204724 67 0 
IV) RCA 382376134 87 0 
2nd round of NGS    
V) FAP PCR RCA 196273326 61518757 31.34 
VI) FAP PCR RCA2 229994340 126833119 55.15 
VII) FAP PCR RCA16 199750516 101856187 50.99 
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Table  4.2 FAP PCR (1st round of NGS) analysis. “% counts” refers to the 
number of reads that were mapped onto the L1 region of the specific HPV type 
indicated. “OCL sample” refers to the oral rinse sample that was positive for that 
specific HPV type after sequencing.  
 
 
HPV type Counts % Counts OCL sample match 
172 109936978 39.6 3, 40, 42 
171 64423530 23.21  
8 39473771 14.22 14 
23 37762624 13.6 14 
113 15793984 5.69  
49 4303896 1.55  
76 4134700 1.49 14 
5 922729 0.33  
20 378380 0.14  
105 354884 0.13  
159 67672 0.02  
15 14461 0.01  
12 9517 0  
100 6985 0  
169 6941 0  
111 3009 0  
122 1202 0  
21 1085 0  
14 639 0  
143 322 0  
155 229 0  
24 199 0  
104 186 0  
75 153 0  
99 80 0  
93 62 0  
109 58 0  
38 32 0  
96 27 0  
36 21 0  
145 15 0  
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98 12 0  
37 9 0  
151 9 0  
110 4 0  
120 2 0  
92 2 0  
80 2 0  
107 1 0  
126 1 0  
17 1 0  
170 1 0  
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Table 4.3 FAP PCR RCA (2nd round of NGS) L1 sequence analysis.  
 
HPV type Counts % Counts OCL sample match 
62 26223379 42.63 93 
152 15993736 26 69 
32 6799264 11.05 59 
123 5170048 8.4  
80 2428865 3.95  
20 2419595 3.93  
76 871476 1.42  
22 340537 0.55  
24 328677 0.53  
124 240741 0.39  
145 221765 0.36  
23 141373 0.23  
8 93737 0.15  
96 82494 0.13  
36 44651 0.07  
161 43667 0.07  
92 29308 0.05  
17 22404 0.04  
37 6923 0.01  
15 4382 0.01  
107 4266 0.01  
150 3075 0  
12 937 0  
14 501 0  
111 474 0  
122 461 0 93 
81 450 0  
9 425 0  
174 199 0  
109 196 0  
120 149 0  
21 125 0  
143 94 0  
149 80 0  
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101 60 0  
110 54 0  
151 51 0  
104 33 0  
5 24 0  
93 18 0  
138 15 0  
100 14 0  
19 13 0  
75 4 0  
113 3 0  
105 2 0  
35 2 0  
38 1 0  
115 1 0  
119 1 0  
25 1 0  
102 1 0  
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Table 4.4 FAP PCR RCA2 (2nd round of NGS) L1 sequence analysis. 
 
HPV type Counts % Counts OCL sample match 
90 35679275 28.13 52 
23 26865855 21.18 14 
11 26393016 20.81 96 
8 23967471 18.9 14 
49 10632486 8.38  
33 1390467 1.1 72 
105 1112699 0.88 63 
76 490440 0.39 14 
50 61770 0.05  
5 60111 0.05  
21 39472 0.03  
100 30253 0.02  
124 21997 0.02  
15 19466 0.02  
52 15955 0.01  
147 15910 0.01 95 
14 12461 0.01  
32 9110 0.01  
20 6693 0.01  
98 2102 0  
104 1579 0  
113 1226 0  
111 1064 0  
36 591 0  
142 555 0  
122 515 0  
96 157 0  
24 118 0  
143 66 0  
75 49 0  
145 48 0  
37 20 0  
139 18 0  
80 15 0  
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123 15 0  
134 14 0  
151 10 0  
48 8 0  
150 5 0  
135 5 0  
6 4 0  
152 3 0  
93 3 0  
12 3 0  
110 2 0  
58 2 0  
66 2 0  
92 2 0  
160 2 0  
148 1 0  
136 1 0  
19 1 0  
164 1 0  
99 1 0  
9 1 0  
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Table 4.5 FAP PCR RCA16 (2nd round of NGS) L1 sequence analysis. Nine 
pooled samples (OCL 29, 34, 57, 73, 76, 79, 83, 97, 99) that were positive for 
HPV16. Infection with multiple HPVs is evident.  
 
HPV type Counts % Counts 
32 25896574 25.42 
24 23472631 23.04 
80 16758587 16.45 
111 14702114 14.43 
143 8484485 8.33 
16 4781520 4.69 
92 4685275 4.6 
138 660990 0.65 
135 582723 0.57 
134 552801 0.54 
76 137580 0.14 
12 39851 0.04 
172 39768 0.04 
121 6491 0.01 
175 4013 0 
105 3947 0 
120 3441 0 
180 3077 0 
133 2262 0 
23 1666 0 
151 1245 0 
87 946 0 
152 846 0 
98 766 0 
166 560 0 
167 537 0 
92 517 0 
36 467 0 
15 462 0 
113 389 0 
122 282 0 
104 222 0 
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20 221 0 
8 211 0 
67 207 0 
5 181 0 
96 173 0 
25 119 0 
66 108 0 
40 92 0 
14 72 0 
9 58 0 
154 55 0 
37 47 0 
110 28 0 
124 25 0 
21 19 0 
30 18 0 
75 14 0 
22 12 0 
118 11 0 
137 10 0 
62 9 0 
197 9 0 
174 8 0 
161 5 0 
38 4 0 
115 4 0 
73 4 0 
18 4 0 
100 3 0 
44 3 0 
150 2 0 
47 2 0 
93 2 0 
35 2 0 
139 1 0 
171 1 0 
107 1 0 
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123 1 0 
159 1 0 
19 1 0 
162 1 0 
7 1 0 
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Summary of results for aim 1a 
 
 It is evident that we had substantial amplification present after MP-RCA 
as our HPV16 positive control had enrichment of almost 800,000-fold compared 

to only a 0.5-fold amplification with Siha (a cervical cancer cell line with 
integrated HPV16), which was our negative control (Table 4.0). Figure 4.1 and 

4.2 demonstrates that preferential amplification occurred with circular HPV DNA 
as there was not much difference in Ct values for the negative control sample 

Siha before and after MP-RCA, thus indicating linear genomic DNA was 
amplified minimally.  
 In the first round of NGS, we only had reads from sample 1) FAP PCR 

where 82% of the reads mapped onto the L1 gene of all 189 HPV types in the 
PaVE database (Table 4.1). For sample 2) HPV16 RCA, we should have had 

reads mapped onto the HPV L1 gene as this was our positive control, but no 
results were seen. It is also odd that we did not see any results in sample 3) FAP 

PCR RCA, which contained OCL 3, 40, and 42, which were also in sample 1). In 
the second round of NGS, sample 5) FAP PCR RCA had 31% of reads mapped 

onto the L1 gene; sample 6) FAP PCR RCA2 had 55%; and sample 7) had 51% 
of reads mapped onto the L1 gene (Table 4.1).  

 We compared the conventional sequence results from aim 1b to NGS 
results in aim 1a and found results to be in concordance. OCL 3, 40, and 42 all 

matched to HPV172; OCL14 had multiple HPV infection with matches to HPVs 
8, 23, and 76 (Table 4.2). OCL93 matched to HPV62 and 122; OCL 69 to 

HPV152; and OCL 59 to 32 (Table 4.3). OCL52 matched to HPV90; OCL96 to 
HPV11; OCL 72 to HPV33; OCL63 to HPV105; OCL95 to HPV147; and OCL14 

was repeated in the second round of NGS with the same HPVs being mapped 
(types 8, 23, 76) thus acting as a positive control and confirmation of results 

from the first round of NGS.  
In pooled sample VII) FAP PCR RCA 16 (Table 4.5), all samples were 

positive for HPV16. However, there is a high possibility from the mapped reads 
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that multiple infections are present as there were reads that matched to 15 other 
HPV types. 

Specific Aim 1b results 

Of the 10 samples that were FAP PCR positive and not HPV16 positive, 
we completed regular sequencing. Five samples had sequences with adequate 
quality for analysis. The other five had ambiguous/unreadable sequences and 

thus were cloned for additional DNA sequence analysis. Three potential novel 
viruses were seen in samples OCL 14.4, 69.2, and 95 as the difference in 

homology was >10%. OCL 14 and OCL 93 had multiple HPV infection present 
as at least two types of HPVs were seen.  
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Table 4.6 Samples that underwent cloning and sequencing. BLASTn and PaVE 
database search results and HPV types associated with the samples.  
 
Sample Clone HPV type % Homology 

BLASTn 
% Homology PaVE 

OCL 3.1 Yes 172 97.02 96.51 
OCL 3.2 Yes 172 95.04 96.51 
OCL 3.6 Yes 172 96.00 96.70 
OCL 3.8 Yes 172 92.07 89.20 
OCL 3.10 Yes 172 97.02 96.51 
OCL 14 No 23 80.00 49.00 
OCL 14.1 Yes 8 95.04 95.63 
OCL 14.2 Yes 8 95.04 93.74 
OCL 14.3 Yes 76 91.08 86.67 
OCL 14.4 Yes 76 89.24 88.51 
OCL 14.6 Yes 76 87.40 86.70 
OCL 40 No 172 98.01 98.00 
OCL 42 No 172 98.01 95.60 
OCL 52  No 90 98.01 99.60 
OCL 63.2 Yes 105 96.03 96.42 
OCL 63.3 Yes 105 98.01 97.91 
OCL 63.4 Yes 105 96.03 94.01 
OCL 63.5 Yes 105 96.03 96.42 
OCL 63.6 Yes 105 96.03 96.43 
OCL 69.1 Yes 152 84.63 85.37 
OCL 69.2 Yes 152 89.18 89.18 
OCL 69.3 Yes 152 83.72 83.27 
OCL 69.4 Yes 152 89.18 89.55 
OCL 69.5 Yes 152 88.27 89.19 
OCL 93.1 Yes 62 95.04 94.94 
OCL 93.2 Yes 62 96.03 96.43 
OCL 93.3 Yes 122 99.00 99.30 
OCL 93.4 Yes 122 94.20 94.20 
OCL 93.5 Yes 122 96.03 96.72 
OCL 95 No 147 76.80 64.55 
OCL 96 No 11 98.01 99.60 
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Table 4.7 Sequence results from Genewiz. 
 
Sample Sequence 
OCL 3.1 ATTAACTGTGGGGCATCCATATTTTGATGTTATGGATGTTACCGATGAGTCTAA

AGTAGCAATTCCAAAGGTTTCTGCCAATCAGTACAGGGTTATTAGACTACAATT
TCCAGATCCAAACAAATTTGCTATCACAGATGCATGTGTTTATAATCCTGAAAAA
GAGCGATTAGTATGGAGACTAGTAGGATTTCAAATGGATCGAGGTGGTCCATT
AGGTATAGGAGCAACAGGCCATCCTTATTTTAATAAGTATGTGGATGCTGAGAA
TCCTACAACATATCCCGAAAAGCAAGCAGAGGATGGGGATTATAGACAGGATA
TGGCATTTGACCCTAAACAGGTTCAAATGTGTATTGTGGGCTGCACACCACCAA
CAGGACAGTACTGGGATACCGCTGAATTTTGTCCAGGTCATAACAAAAATAATG
GAGATTGTCCTCCAATAGAACTACACCACACTACAATTCAGGATGGCGA	  
	  

OCL 3.2 TAACAGTGGGGCATCCATATTTTGATGTTATGGATGTTACCGATGAGTCTAAAG
TAGCAATTCCAAAGGTTTCTGCCAATCAGTACAGGGTTATTAGACTACAATTTCC
AGATCCAAACAAATTTGCTATCACAGATGCATGTGTTTATAATCCTGAAAAAGA
GCGATTAGTATGGAGACTAGTAGGATTTCAAATGGATCGAGGTGGTCCATTAG
GTATAGGAGCAACAGGCCATCCTTATTTTAATAAGTATGTGGATGCTGAGAATC
CTACAACATATCCCGAAAAGCAAGCAGAGGATGGGGATTATAGACAGGATATG
GCATTTGACCCTAAACAGGTTCAAATGTGTATTGTGGGCTGCACACCACCAACA
GGACAGTACTGGGATACCGCTGAATTTTGTCCAGGTCATAACAAAAATAATGG
AGATTGTCCTCCAATAGAACTACACCACACTACAATTCAGGATGGCGACA	  
	  

OCL 3.6 TAACAGTGGGGCATCCTTATTTTGATGTTATGGATGTTACCGATGAGTCTAAAG
TAGCAATTCCAAAGGTTTCTGCCAATCAGTACAGGGTTATTAGACTACAATTTCC
AGATCCAAACAAATTTGCTATCACAGATGCATGTGTTTATAATCCTGAAAAAGA
GCGATTAGTATGGAGACTAGTAGGATTTCAAATGGATCGAGGTGGTCCATTAG
GTATAGGAGCAACAGGCCATCCTTATTTTAATAAGTATGTGGATGCTGAGAATC
CTACAACATATCCCGAAAAGCAAGCAGAGGATGGGGATTATAGACAGGATATG
GCATTTGACCCTAAACAGGTTCAAATGTGTATTGTGGGCTGCACACCACCAACA
GGACAGTACTGGGATACCGCTGAATTTTGTCCAGGTCATAACAAAAATAATGG
AGATTGTCCTCCAATAGAACTACACCACACTACAATTCAGGATGGCGACA	  
	  

OCL 3.8 TCTAAAGTAGCAATTCCAAAGGTTTCTGCCAATCAGTACAGGGTTATTAGACTA
CAATTTCCAGATCCAAACAAATTTGCTATCACAGATGCATGTGTTTATAATCCTG
AAAAAGAGCGATTAGTATGGAGACTAGTAGGATTTCAAATGGATCGAGGTGGT
CCATTAGGTATAGGAGCAACAGGCCATCCTTATTTTAATAAGTATGTGGATGCT
GAGAATCCTACAACATATCCCGAAAAGCAAGCAGAGGATGGGGATTATAGACA
GGATATGGCATTTGACCCTAAACAGGTTCAAATGTGTATTGTGGGCTGCACACC
ACCAACAGGACAGTACTGGGATACCGCTGAATTTTGTCCAGGTCATAACAAAAA
TAATGGAGATTGTCCTCCAATAGAACTACACCACACTACAATTCAGGATGGCGA
CATGATAGATATAGGATCTTTCTAGAAGATCTCCTACAATATTCTCAGC	  
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OCL 3.10 GTGGGGCATCCATATTTTGATGTTATGGATGTTACCGATGAGTCTAAAGTAGCA

ATTCCAAAGGTTTCTGCCAATCAGTACAGGGTTATTAGACTACAATTTCCAGATC
CAAACAAATTTGCTATCACAGATGCATGTGTTTATAATCCTGAAAAAGAGCGAT
TAGTATGGAGACTAGTAGGATTTCAAATGGATCGAGGTGGTCCATTAGGTATA
GGAGCAACAGGCCATCCTTATTTTAATAAGTATGTGGATGCTGAGAATCCTACA
ACATATCCCGAAAAGCAAGCAGAGGATGGGGATTATAGACAGGATATGGCATT
TGACCCTAAACAGGTTCAAATGTGTATTGTGGGCTGCACACCACCAACAGGACA
GTACTGGGATACCGCTGAATTTTGTCCAGGTCATAACAAAAATAATGGAGATTG
TCCTCCAATAGAACTACACCACACTACAATTCAGGATGGCGACATGGCA	  
	  

OCL 14 AAGGACTTGAAATTGGACGCGGCCAACCTTTAGGGGTCGGAGCACCGGGACAC
CCTCTTTTTAATAAGCTTCATAA	  

OCL 14.1 GATTAACAGTGGGGCATCCTTATTTCAATGTTTACAACAATAATGGTGACACATT
ACAGGTTCCCAAAGTATCGGGAAATCAACACAGGGTCTTTCGCTTAAAGTTACC
AGATCCAAATAGGTTTGCACTGGCAGATATGTCTGTGTACAATCCAGACAAGGA
AAGGTTGGTATGGGCTTGCAGAGGCTTAGAAATCAGTAGGGGACAACCATTAG
GTGTTGGGAGCACCGGCCATCCCTATTTTAATAAAGTGAAAGACACTGAAAACA
GCAATTCATACACCACAACATCTACAGATGACAGACAAAATACTTCCTTTGATCC
TAAGCAAATACAAATGTTCATTGTGGGTTGCACACCCTGCATTGGTGAGCATTG
GGAAAAAGCCATTCCATGTGCAGAGGACCAACAGCAAGGTCTGTGCCCACCCA
TTGAACTAAAAAATACAGTTATTGAAGATGGCGACATGTCAGATATAG	  
 

OCL 14.2 ATATCTATCATGTCGCCATCTTCAATAACTGTATTTTTTAGTTCAATGGGTGGGC
ACAGACCTTGCTGTTGGTCCTCTGCACATGGAATGGCTTTTTCCCAATGCTCACC
AATGCAGGGTGTGCAACCCACAATGAACATTTGTATTTGCTTAGGATCAAAGGA
AGTATTTTGTCTGTCATCTGTAGATGTTGTGGTGTATGAATTGCTGTTTTCAGTG
TCTTTCACTTTATTAAAATAGGGATGGCCGGTGCTCCCAACACCTAATGGTTGTC
CCCTACTGATTTCTAAGCCTCTGCAAGCCCATACCAACCTTTCCTTGTCTGGATT
GTACACAGACATATCTGCCAGTGCAAACCTATTTGGATCTGGTAACTTTAAGCG
AAAGACCCTGTGTTGATTTCCCGATACTTTGGGAACCTGTAATGTGTCACCATTA
TTGTTGTAAACATTGAAATATGGGTGCCCCACTGTTATCTTG	  
	  

OCL 14.3 CCTATATCTCACATGTCGCCATCTTCAATTACAGTATTTACTAATTCTAAAGGTG
GACATTTGCCTGCTCCTCTGTCAGCATCACAAGGTTTTGCTGCATCCCAGTGCTC
TCCTTCACACGGTGTACAGCCAATAATAAACATTTGAACTTGTTTAGGATCAAAT
GAGGTGTCCTGCCTATCATCCTTAGATGTTACTATGTAATTATTAGAATTTTCTG
TATCCTTCACTTTATTGAATAGAGGGTGACCTGTAGATCCTACTCCCAGGGGTT
GTCCGCGACCTATTTCCAAACCTCTACAGGCCCAAACCAGTCTTTCCTTTTCAGG
ATTATAGACATTCATATCTACCAAGGCGAATCTATTGGGATCTGGTAGTAATAA
TCTAAATGCTCTAAACTGATTACCTGATACTTTAGGAACTAGTATTTTTGTTTGAT
CCACAGTGTCTCTAACATCAAAATATGGATGCCCCACAGTT	  
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OCL 14.4 AACTGTGGGGCACCCATATTTTGATGTTAGAGACACTGTGGATCAAACAAAAAT
ACTAGTTCCTAAAGTATCAGGTAATCAGTTTAGAGCATTTAGATTATTACTACCA
GATCCCAATAGATTCGCCTTGGTAGATATGAATGTCTATAATCCTGAAAAGGAA
AGGCTGGTTTGGGCCTGTAGAGGTTTGGAAATAGGTCGCGGACAACCCCTGGG
AGTAGGATCTACAGGTCACCCTCTATTCAATAAAGTGAAGGATACAGAAAATTC
TAATAATTACATAGTAACATCTAAGGATGATAGGCAGGACACCTCATTTGATCC
TAAACAAGTTCAAATGTTTATTATTGGCTGTACACCGTGTGAAGGAGAGCACTG
GGATGCAGCAAAACCTTGTGATGCTGACAGAGGAGCAGGCAAATGTCCACCTT
TAGAATTAGTAAATACTGTAATTGAAGATGGCGACATGTCAGATATTGG	  
 

OCL 14.6 ATCCAATATCTGTCATGTCGCCATCTTCAATTACAGTATTTACTAATTCTAAAGGT
GGACATTTGCCTGCTCCTCTGTCAGCATCACAAGGTTTTGCTGCATCCCAGTGCT
CTCCTTCACACGGTGTACAGCCAATAATAAACATTTGAACTTGTTTAGGATCAAA
TGAGGTGTCCTGCCTATCATCCTTAGATGTTACTATGTAATTATTAGAATTTTCT
GTATCCTTCACTTTATTGAATAGAGGGTGACCTGTAGATCCTACTCCCAGGGGT
TGTCCGCGACCTATTTCCAAACCTCTACAGGCCCAAACCAGTCTTTCCTTTTCAG
GATTATAGACATTCATATCTACCAAGGCGAATCTATTGGGATCTGGTAGTAATA
ATCTAAATGCTCTAAACTGATTACCTGATACTTTAGGAACTAGTATTTTTGTTTG
ATCCACAGTGTCTCTAACATCAAAATATGGATGCCCCACTG	  

	  
OCL 40 ATCAGTACAGGGTTATTAGACTACAATTTCCAGATCCAAACAAATTTGCTATCAC

AGATGCATGTGTTTATAATCCTGAAAAAGAGCGATTAGTATGGAGACTAGTAG
GATTTCAAATGGATCGAGGTGGTCCATTAGGTATAGGAGCAACAGGCCATCCTT
ATTTTAATAAGTATGTGGATGCTGAGAATCCTACAACATATCCCGAAAAGCAAG
CAGAGGATGGGGATTATAGACAGGATATGGCATTTGACCCTAAACAGGTTCAA
ATGTGTATTGTGGGCTGCACACCACCAACAGGACAGTACTGGGATACCGCTGA
ATTTTGTCCAGGTCATAACAAAAATAATGGAGATTGTCCTCCAATAGAACTACA
CCACACTACAATTCAGGATGGCGACATGA	  
 

OCL 42 TTCCAAAGGTTTCTGCCAATCAGTACAGGGTTATTAGACTACAATTTCCAGATCC
AAACAAATTTGCTATCACAGATGCATGTGTTTATAATCCTGAAAAAGAGCGATT
AGTATGGAGACTAGTAGGATTTCAAATGGATCGAGGTGGTCCATTAGGTATAG
GAGCAACAGGCCATCCTTATTTTAATAAGTATGTGGATGCTGAGAATCCTACAA
CATATCCCGAAAAGCAAGCAGAGGATGGGGATTATAGACAGGATATGGCATTT
GACCCTAAACAGGTTCAAATGTGTATTGTGGGCTGCACACCACCAACAGGACA
GTACTGGGATACCGCTGAATTTTGTCCAGGTCATAACAAAAATAATGGAGATTG
TCCTCCAATAGAACTACACCACACTACAATTCAGGATGGCGACATGACTGATAT
AGGT	  
 

OCL 52 TAGTGGTTCCCAAGGTGTCTGGATATCAATATAGGGTGTTTAGGGTACGTTTGC
CTGATCCCAATAAGTTTGGCCTTCCTGATGCATCGCTATACAATCCTGACTCGCA
GCGCCTTGTATGGGCCTGTACAGGTGTTGAGGTTGGCAGGGGACAGCCTTTAG
GCGTTGGGGTAAGTGGCCACCCGTTGTACAACCGCCTGTATGACACTGAAAAC
ACCAATTTATATGATGTTGTGCCTGGCGATGACACCCGGGACAATCTTACTATG
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GACTATAAGCAAACCCAGCTATTTATTATAGGGTGCAAACCTCCTTTAGGCGAG
CACTGGGCAAAGGGTACCCCATGCAATATGTCTAATGTACAGGCTGGGGATTG
CCCTCCTATAGAACTTAAATCTTCCACAATTCAGGATGGCGACATGATG	  
 

OCL 63.2 CCTATATCTGTCATGTCGCCATCCTGGATAACAGTGTTCTTTAATTCTATAGGAG
GACAGGCTCCATTGTCCTGCGCCTGTCCTGCACATGGCAGAGCCTTTTCCCAAT
GTTCCCCAATACAAGGTGTACATCCAACTATGAACATCTGTATTTGTTTTGGGTC
AAAAGAGGTATTTTGTCTGTCATCTTTGGAAGTGGTGGAATATTGATTACTGTTT
TCAGTATCCTTCAGTTTATTAAAGTAAGGGTGACCTGTGCTGCCGACACCTAAG
GGTTGCCCTCTACTTATTTCCAAACCTCTACAGGCCCACACCAAACGCTCCTTAT
CTGGATTATAAACTGACATGTCAGCTAATGCAAATCTGTTTGGATCAGGCAACT
TCAGACGAAACACCCTGTGTTGATTGCCTGATACCTTAGGAACCTGTAATGTCT
CACCAGTGTTGTTATATACATTAAAATATGGATGCCCCACTGTT	  
	  

OCL 63.3 TAACTGTGGGGCATCCATATTTTAATGTATATAACAACACTGGTGAGACATTAC
AGGTTCCTAAGGTATCAGGCAATCAACACAGGGTGTTTCGTCTGAAGTTGCCTG
ATCCAAACAGATTTGCATTAGCTGACATGTCAGTTTATAATCCAGATAAGGAGC
GTTTGGTGTGGGCCTGTAGAGGTTTGGAAATAAGTAGAGGGCAACCCTTAGGT
GTCGGCAGCACAGGTCACCCTTACTTTAATAAACTGAAGGATACTGAAAACAGT
AATCAATATTCCACCACTTCCAAAGATGACAGACAAAATACCTCTTTTGACCCAA
AACAAATACAGATGTTCATAGTTGGATGTACACCTTGTATTGGGGAACATTGGG
AAAAGGCTCTGCCATGTGCAGGACAGGCGCAGGACAATGGAGCCTGTCCTCCT
ATAGAATTAAAGAACACTGTTATCCAGGATGGCGACATGTCAGATATAG	  
 

OCL 63.4 GGGGCATCCATATTTTAATGTATATAACAACACTGGTGAGACATTACAGGTTCC
TAAGGTATCAGGCAATCAACACAGGGTGTTTCGTCTGAAGTTGCCTGATCCAAA
CAGATTTGCATTAGCTGACATGTCAGTTTATAATCCAGATAAGGAGCGTTTGGT
GTGGGCCTGTAGAGGTTTGGAAATAAGTAGAGGGCAACCCTTAGGTGTCGGCA
GCACAGGTCACCCTTACTTTAATAAACTGAAGGATACTGAAAACAGTAATCAAT
ATTCCACCACTTCCAAAGATGACAGACAAAATACCTCTTTTGACCCAAAACAAAT
ACAGATGTTCATAGTTGGATGTACACCTTGTATTGGGGAACATTGGGAAAAGG
CTCTGCCATGTGCAGGACAGGCGCAGGACAATGGAGCCTGTCCTCCTATAGAA
TTAAAGAACACTGTTATCCAGGATGGCGACATGTTAGATATAGGATCTTT	  
	  

OCL 63.5 CCTATATCTGTCATGTCGCCATCCTGGATAACAGTGTTCTTTAATTCTATAGGAG
GACAGGCTCCATTGTCCTGCGCCTGTCCTGCACATGGCAGAGCCTTTTCCCAAT
GTTCCCCAATACAAGGTGTACATCCAACTATGAACATCTGTATTTGTTTTGGGTC
AAAAGAGGTATTTTGTCTGTCATCTTTGGAAGTGGTGGAATATTGATTACTGTTT
TCAGTATCCTTCAGTTTATTAAAGTAAGGGTGACCTGTGCTGCCGACACCTAAG
GGTTGCCCTCTACTTATTTCCAAACCTCTACAGGCCCACACCAAACGCTCCTTAT
CTGGATTATAAACTGACATGTCAGCTAATGCAAATCTGTTTGGATCAGGCAACT
TCAGACGAAACACCCTGTGTTGATTGCCTGATACCTTAGGAACCTGTAATGTCT
CACCAGTGTTGTTATATACATTAAAATATGGATGCCCCACTGTT	  
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OCL 63.6 TCTAGAAGATCCAATATCTGTCATGTCGCCATCCTGGATAACAGTGTTCTTTAAT
TCTATAGGAGGACGGGCTCCATTGTCCTGCGCCTGTCCTGCACATGGCAGAGCC
TTTTCCCAATGTTCCCCAATACAAGGTGTACATCCAACTATGAACATCTGTATTT
GTTTTGGGTCAAAAGAGGTATTTTGTCTGTCATCTTTGGAAGTGGTGGAATATT
GATTACTGTTTTCAGTATCCTTCAGTTTATTAAAGTAAGGGTGACCTGTGCTGCC
GACACCTAAGGGTTGCCCTCTACTTATTTCCAAACCTCTACAGGCCCACACCAAA
CGCTCCTTATCTGGATTATAAACTGACATGTCAGCTAATGCAAATCTGTTTGGAT
CAGGCATCTTCAGACGAAACACCCTGTGTTGATTGCCTGATACCTTAGGAACCT
GTAATGTCTCACCAGTGTTGTTATATACATTAAAATAAGGATG	  
	  

OCL 69.1 TCCTGAATATAGGAGTTTACTAGTTCTATTGGAGGACATCTACCAGGTTGATCA
TCAGCAACGCAGGCAGGGGCTTTGTCCCAATGTTCGCCAATGCAAGGGGTACA
GCCAATAATAAACATTTGCAGTTGTTTAGGATCAAATGAGATATTTTGTCTATCA
TCTTTAGAGGTATTTCTATATGTATTTCCATTTTCTGTGTCATTCACCTTATTAAAT
AAAGGATGTCCACTACTGCCTATACCTAATGGTTGTCCTCTGCCTATTTCAATAC
CCTTTAGGCCCCATACTAATCTTTCCTTGTCTGGATTATAGACAGACATGTCAGC
TAATGCAAATCTATTGGGGTCAGGTAATTTTAATCTAAAGACCCTGTGTTGATTT
CCTGATACCTTAGGTACCTCCAAACGTGTACCTGCATTGTTGTAAATGTTAAAAT
ATGGATGCCCCACAGTTAATCTTGCTGAAAAACTCGAGCCA	  
	  

OCL 69.2 TAACTGTGGGGCATCCATATTTTAACATTTACAACAATGCAGGTACACGTTTGG
AGGTACCTAAGGTATCAGGAAATCAACACAGGGTCTTTAGATTAAAATTACCTG
ACCCCAATAGATTTGCATTAGCTGACATGTCTGTCTATAATCCAGACAAGGAAA
GATTAGTATGGGGCCTAAAGGGTATTGAAATAGGCAGAGGACAACCATTAGGT
ATAGGCAGTAGTGGACATCCTTTATTTAATAAGGTGAATGACACAGAAAATGG
AAATACATATAGAAATACCTCTAAAGATGATAGACAAAATATCTCATTTGATCCT
AAACAACTGCAAATGTTTATTATTGGCTGTACCCCTTGCATTGGCGAACATTGG
GACAAAGCCCCTGCCTGCGTTGCTGATGATCAACCTGGTAGATGTCCTCCAATA
GAACTAGTAAACTCCTATATTCAGGATGGCGACATGGCAGATATTGGAT	  
 

OCL 69.3 AGGAGTTTACTAGTTCTATTGGAGGACATCTACCAGGTTGATCATCAGCAACGC
AGGCAGGGGCTTTGTCCCAATGTTCGCCAATGCAAGGGGTACAGCCAATAATA
AACATTTGCAGTTGTTTAGGATCAAATGAGATATTTTGTCTATCATCTTTAGAGG
TATTTCTATATGTATTTCCATTTTCTGTGTCATTCACCTTATTAAATAAAGGATGT
CCACTACTGCCTATACCTAATGGTTGTCCTCTGCCTATTTCAATACCCTTTAGGCC
CCATACTAATCTTTCCTTGTCTGGATTATAGACAGACATGTCAGCTAATGCAAAT
CTATTGGGGTCAGGTAATTTTAATCTAAAGACCCTGTGTTGATTTCCTGATACCT
TAGGTACCTCCAAACGTGTACCTGCATTGTTGTAAATGTTAAAATATGGGTGCC
CCACAGTTATCTTGCTGAAAAACTCGAGCCATCCGGAAGATC	  
	  

OCL 69.4 TAACTGTGGGGCATCCATATTTTAACATTTACAACAATGCAGGTACACGTTTGG
AGGTACCTAAGGTATCAGGAAATCAACACAGGGTCTTTAGATTAAAATTACCTG
ACCCCAATAGATTTGCATTAGCTGACATGTCTGTCTATAATCCAGACAAGGAAA
GATTAGTATGGGGCCTAAAGGGTATTGAAATAGGCAGAGGACAACCATTAGGT
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ATAGGCAGTAGTGGACATCCTTTATTTAATAAGGTGAATGACACAGAAAATGG
AAATACATATAGAAATACCTCTAAAGATGATAGACAAAATATCTCATTTGATCCT
AAACAACTGCAAATGTTTATTATTGGCTGTACCCCTTGCATTGGCGAACATTGG
GACAAAGCCCCTGCCTGCGTTGCTGATGATCAACCTGGTAGATGTCCTCCAATA
GAACTAGTAAACTCCTATATTCAGGATGGCGACATGGCAGATATTGGAT	  
	  

OCL 69.5 CTTCTAGAAGATCCAATATCTGCCATGTCGCCATCCTGAATATAGGAGTTTACTA
GTTCTATTGGAGGACATCTACCAGGTTGATCATCAGCAACGCAGGCAGGGGCT
TTGTCCCAATGTTCGCCAATGCAAGGGGTACAGCCAATAATAAACATTTGCAGT
TGTTTAGGATCAAATGAGATATTTTGTCTATCATCTTTAGAGGTATTTCTATATG
TATTTCCATTTTCTGTGTCATTCACCTTATTAAATAAAGGATGTCCACTACTGCCT
ATACCTAATGGTTGTCCTCTGCCTATTTCAATACCCTTTAGGCCCCATACTAATCT
TTCCTTGTCTGGATTATAGACAGACATGTCAGCTAATGCAAATCTATTGGGGTC
AGGTAATTTTAATCTAAAGACCCTGTGTTGATTTCCTGATACCTTAGGTACCTCC
AAACGTGTACCTGCATTGTTGTAAATGTTAAAATAAGGGTGC	  
	  

OCL 93.1 CCATCCTGAATAGTTGTATTTTTAAATTCCAACGGAGGGCATTCCGTGGGGGCC
GGGGCAGCATTGGGGCATAAGGTACCTTTGGTCCAGTGCTCACCTATAGGGGG
CTTACACCCCACAATTAACAACTGGGTCTGCTTATAATCCACAGAGATATTGTCC
CGACTGTCATCATTAGCAGCAGCCAACAAAGAGGTATTTTCTGTATCATCCAAC
CTGTTATATAACGGGTGGCCACTGGTGCCAACACCCAGTGGCTGCCCACGGCC
GACCTCAATGCCCCTGCAGGCCCATACCATGCGTTCCGTGTCTGGATTATATAA
GGTTCCATCAGGTAAAGCAAATTTATTAGGGTCTGGTAGTTTCACACGAAACAC
CCTGTACTGATACCCAGACACCTTAGGAATGGTGGCCCGTTTACCCTGGCCAAC
CTGTAAAGTACAATATGGATGCCCCACAGTTAATCTTGCTGAAAAACTC	  
	  

OCL 93.2 TAACTGTGGGGCATCCATATTGTACTTTACAGGTTGGCCAGGGTAAACGGGCC
ACCATTCCTAAGGTGTCTGGGTATCAGTACAGGGTGTTTCGTGTGAAATTACCA
GACCCTAATAAATTTGCTTTACCTGATGGAACCTTATATAATCCAGACACGGAAC
GCATGGTATGGGCCTGCAGGGGCATTGAGGTCGGCCGTGGGCAGCCACTGGG
TGTTGGCACCAGTGGCCACCCGTTATATAACAGGTTGGATGATACAGAAAATAC
CTCTTTGTTGGCTGCTGCTAATGATGACAGTCGGGACAATATCTCTGTGGATTAT
AAGCAGACCCAGTTGTTAATTGTGGGGTGTAAGCCCCCTATAGGTGAGCACTG
GACCAAAGGTACCTTATGCCCCAATGCTGCCCCGGCCCCCACGGAATGCCCTCC
GTTGGAATTTAAAAATACAACTATTCAGGATGGCGACATGACAGATATTG	  
 

OCL 93.3 TAACAGTGGGGCATCCATATTTCGATGTCCGATCTCAAGATGGGCAACGTATAG
AGGTCCCTAAGGTGTCTGGCAATTAGTATAGATCATTTAGAATAACATTTCCGG
ATCCTAATAGATTTGCTTTAGCAGATATGTCTGTGTACAATCCTGAAAAGGAAA
GATTAGTGTGGGCCTGTAGAGGCCTGGAGATAGGCAGGGGTCAGCCTTTGGG
TGTAGGAACATCAGGTCATCCTTTATTTAACAAAGTCAGGGATACTGAAAACTC
AGGTAACTATCAAGCAGTTTCTCAGGATGACAGACAAAATACATCTTTTGATCC
TAAACAAGTGCAAATGTTTGTCATTGGCTGTGTGCCGTGTATGGGTGAACATTG
GGACAAAGCTAAGGTTTGTGAATCAGAAGCAAATAATCAACAAGGCTTATGTC
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CACCCATAGAG	  
 

OCL 93.4 CCAATATCTGTCATGTCGCCATCTTCAATTACTGAATTTTTTAACTCTATGGGTG
GACATAAGCCTTGTTGATTATTTGCTTCTGATTCACAAACCTTAGCTTTGTCCCA
ATGTTCACCCATACACGGCACACAGCCAATGACAAACATTTGCACTTGTTTAGG
ATCAAAAGATGTATTTTGTCTGTCATCCTGAGAAACTGCTTGATAGTTACCTGAG
TTTTCAGTATCCCTGACTTTGTTAAATAAAGGATGACCTGATGTTCCTACACCCA
AAGGCTGACCCCTGCCTATCTCCAGGCCTCTACAGGCCCACACTAATCTTTCCTT
TTCAGGATTGTACACAGACATATCTGCTAAAGCAAATCTATTAGGATCCGGAAA
TGTTATTCTAAATGATCTATACTGATTGCCAGACACCTTAGGGACCTCTATACGT
TGCCCATCTTGAGATCGGACATCGAAATATGGGTGCCCCACT	  
	  

OCL 93.5 GTCGCCATCTTCAATTACTGAATTTTTTAACTCTATGGGTGGACATAAGCCTTGT
TGATTATTTGCTTCTGATTCACAAACCTTAGCTTTGTCCCAATGTTCACCCATACA
CGGCACACAGCCAATGACAAACATTTGCACTTGTTTAGGATCAAAAGATGTATT
TTGTCTGTCATCCTGAGAAACTGCTTGATAGTTACCTGAGTTTTCAGTATCCCTG
ACTTTGTTAAATAAAGGATGACCTGATGTTCCTACACCCAAAGGCTGACCCCTG
CCTATCTCCAGGCCTCTACAGGCCCACACTAATCTTTCCTTTTCAGGATTGTACA
CAGACATATCTGCTAAAGCAAATCTATTAGGATCCGGAAATGTTATTCTAAATG
ATCTATACTGATTGCCAGACACCTTAGGGACCTCTATACGTTGCCCATCTTGAGA
TCGGACATCGAAATATGGGTGCCCCACTGTTAATCTTGCTGA	  
	  

OCL 95 TTGCAGTTCCTAAAGTATCAGGTTCTCAATACCGAGTATTTAGATGTAAATTACC
AGATCCTAATAAATTTGCTCTTATAGAGAGAACGGTGTATAATTCAGACAGTGA
GCGGTTAGTGTGGAAACTTCGAGGATTACAATTAGGAAGAGGGGGTCCATTAG
GATTAGGAACTAGTGGGCATCCTTTATTTAATAAAGTGTTAGATACAGAAAATC
CTAACTCCTACCCACCAAAACAGACCGATGAACAACGACTGGATGTTAGCATGG
ATCCTAAACAGGTTCAAATGCTAATTGTTGGTTGTGAACCTGCTATCGGTGAAC
ATTGGGACATAGCTAAACCTTGCTCGGATGAACAGCCTGAAAATGGCGATTGTC
CTCCTATTCAATTGCTAAACACAGTGATTGAGGATGGCGACATGACAGATATAG
GT	  
 

OCL 96 GTACCAAAGGTGTCTGGATATCAATATAGAGTGTTTAAGGTAGTGTTGCCAGAT
CCTAACAAGTTTGCATTACCTGATTCATCCCTGTTTGACCCCACTACACAGCGTT
TAGTATGGGCGTGCACAGGGTTGGAGGTAGGCAGGGGTCAACCTTTAGGCGTT
GGTGTTAGTGGGCATCCATTGCTAAACAAATATGATGATGTAGAAAATAGTGG
TGGGTATGGTGGTAATCCTGGTCAGGATAATAGGGTTAATGTAGGTATGGATT
ATAAACAAACCCAGCTATGTATGGTGGGCTGTGCTCCACCGTTAGGTGAACATT
GGGGTAAGGGTACACAATGTTCAAATACCTCTGTACAAAATGGTGACTGCCCCC
CGTTGGAACTTATTACCAGTGTTATACAGGATGGCGACATGC	  
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Figure 4.4 Trace file of high quality Sanger sequence from OCL14.6 clone.  
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Table 4.8 Medical history for patients where potential novel HPVs were isolated. 
 
Sample Cancer location Gender Age Smoking history Alcohol 

history 
OCL 14 Larynx Male 60 Heavy Rarely 
OCL 69 Base of tongue Male 70 Light Light 
OCL 95 Lateral tongue Male 63 Heavy  Heavy 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	   68	  

 
Phylogenetic Tree Analysis 
 

 
 
 
Figure 4.5 NV 14.4 (purple star) is related to HPV76, which belongs to the 
betapapillomavirus genus. The % homology between the L1 region of NV14.4 
and HPV76 is 89%. 
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Figure 4.6 NV69.1 (purple star) is distantly related to the alphapapillomavirus 
genus.  
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Figure 4.7 NV 95 (purple star) is related to HPV147, which is part of the 
gammapapillomavirus genus. The % homology between NV95 and HPV147 
ranged between 65-77%. 
 
Summary of results for aim 1b 
 
 With sequencing and cloning we were able to obtain ~480bp of the L1 
region of unknown HPVs from our samples (Table 4.7). Our sequences 

demonstrated to be of high quality (Figure 4.4). Using the BLASTn and PaVE 
databases we were able to tentatively identify which HPV types were present in 

our samples (Table 4.6); notably multiple HPV types were present in OCL14 and 
OCL93. Table 4.8 demonstrates the medical history of the patients where the 

potential novel HPVs were isolated. These patients had laryngeal cancer, 
OPSCC, and OSCC; they were 60 years or older; two were heavy smokers, one 
a light smoker; and alcohol use ranged from rare to heavy.   

We used the phylogeny tool to view the relationship of our NVs to 175 
fully characterized HPV types (Figure 4.5-4.7). NV14.4 is related to HPV76, 

which is of the betapapillomavirus family. NV69.1 is related to HPV152, which is 
also part of the betapapillomavirus family. However, the results from the 

phylogenic tree indicate that NV69.1 is quite distant from all HPVs, and may be 
distantly related to the alphapapillomavirus family. NV95 is related to HPV147, 

which belongs to the gammapapillomavirus family.  

 
Specific aim 2 results 
 

From the sequences in aim 1b, we created new primers and probes for 

the novel HPVs using Sigma’s OligoArchitect online tool 
(http://www.sigmaaldrich.com/technical-

documents/articles/biology/oligoarchitect-online.html).  
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Table 4.9 Primers and probe sequences for novel HPVs.  
 
NV 14.4 forward primer GACACTGTGGATCAAACA	  
NV 14.4 reverse primer GCCTTTCCTTTTCAGGATTA	  
NV 14.4 probe (6FAM, BHQ-1) AGACATTCATATCTACCAAGGCGAA	  	  
NV 69.1 forward primer GGAGTTTACTAGTTCTATTGG	  	  
NV 69.1 reverse primer ACTGCAAATGTTTATTATTGG	  	  
NV 69.1 probe (6FAM, BHQ-1) ATCATCAGCAACGCAGGCAG	  	  
NV 95 forward primer CAGACAGTGAGCGGTTAGTGTG	  	  
NV 95 reverse primer CAATGTTCACCGATAGCAGGTT	  
NV 95 probe (6FAM, BHQ-1) ATTTGAACCTGTTTAGGATCCATGCTA	  
NV = novel virus 
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Table 4.10 Novel HPV detection in archived tissue blocks. 
 
NV type OSCC OPSCC 
14.4 1/121 (0.8%) 0 
69.1 0 0 
95 0 0 
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Table 4.11 HPV16 status in oral cavity and oropharyngeal archived biopsy 
samples. 
 

 
Oral cavity Oropharynx 

p-value   total n n HPV+ % HPV+ total n n HPV+ % HPV+ 
Cancer+ 65 6 9% 50 39 79% <0.001 
Cancer- 56 9 16% 50 1 2% 0.018* 

p-value comparing % HPV positive in oral cavity vs. oropharynx within each 
subject group. 
*Fisher’s exact test 
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Figure 4.8 Aluq Ct values for archived tissue biopsy samples. Ct of <30 indicates 
sufficient amount of human DNA. No cancer: n=106; cancer: n=115. 
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Summary of results for aim 2 
 
 We created primers and probes for the three novel viruses and used RT-

PCR for detection in archived tissue blocks. 39% of cancer patients had HPV16 
compared to only 9% of healthy patients (p<0.001). No patients were positive 

for HPV18. From the Aluq Ct values we see that there was a sufficient amount of 
human DNA obtained from the samples for HPV detection as the Ct values 
remained under 30 (Figure 4.8). 

 
Specific Aim 3 results 
 
With the same primers and probes created for Aim 2, we tested three novel 
viruses in all of the oral rinse samples using RT-PCR Taqman assays (Table 
4.12). 

 
Table 4.12 HPV detection in oral rinse samples. 
 
HPV type No cancer OPSCC OSCC HNSCC 
NV14.4 0 1/76 (1%) 1/16 (6%) 0 
NV69.1 0 10/76 (13%) 2/16 (12.5%) 1/8 (12.5%) 
NV95 0 1/76 (1%) 1/16 (6%) 0 
HPV16 0 19/76 (25%) 2/16 (12.5%) 2/8 (25%) 
HPV18 1/109 (0.9%) 0 0 0 
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Figure 4.9 Aluq Ct values for oral rinse samples. Ct of <30 indicates sufficient 
amount of human DNA. No cancer: n=110; cancer: n=100. 
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Summary of results for aim 3 
 
 With the newly created primers and probes, we used RT-PCR to look at 
prevalence in all of the oral rinse samples. 2% of patients were positive for 

NV14.4; 13% were positive for 69.1; and 2% were positive for NV95. None of 
the non-cancer samples were positive for any of the novel viruses (Table 4.12). 

From the Aluq Ct values we see that there was a sufficient amount of human 
DNA obtained from the samples for HPV detection as the Ct values remained 

under 30 (Figure 4.9).  
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Chapter V 
 
Discussion & Conclusions 
 
Specific aim 1a discussion 
 

Oral rinse sample collection is a good non-invasive method to use for the 
clinic. However, there are limitations as the patient may not swish/gargle as 

effectively as needed, thus an insufficient number of cells may be collected. 
However, from our Aluq detection results, which acted as a house-keeping gene 

for the normalization of human DNA, which seemed to be quite sufficient. 
Drawbacks of the mouthwash used include the mint flavor may be too strong for 

sensitive mouths, and the presence of alcohol in Scope, which is not suitable for 
recovering alcoholics.  

NGS technology is a successful approach for detecting novel HPVs, but 
difficulties were encountered with the creation of contigs and removal of non-

HPV sequences such as bacterial DNA. We pooled the samples together so as 
to stay within our budget, but it would have been best to only run one sample at 

a time so as to not receive a plethora of information that was difficult to analyze. 
From the read results it is evident that there was too much data in some 

samples to obtain clear results. Thus, we opted to perform DNA cloning and 
Sanger sequencing in conjunction to NGS in order to obtain clearer data. Upon 
reflection, NGS technology is a good method to have if an overall picture is 

needed, but if more specific information is needed, such as a clear sequence 
set, regular sequencing following cloning is more effective though more time 

consuming. 
The MP-RCA method was effective in preferentially amplifying circular 

HPV16 DNA almost 800,000 fold, and very minimally amplifying linear DNA. 
Thus, we are confident that the unknown HPVs were amplified effectively.  
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Specific aim 1b discussion 
 
 The use of cloning and Sanger sequencing was an extremely useful 
method to determine clear and concise sequences. Our NGS results did not 

produce the results we wanted because we limited ourselves to the L1 region 
with FAP PCR. It is possible that we may have missed multiple infections in 

some samples due to limiting our sampling to five colonies for each sample, a 
drawback of the experimental design. FAP PCR led to some ambiguous results 

as faint bands seemed to indicate a positive sample, yet upon re-testing the 
sample a band was not observed. Thus, we excluded three samples that we 
once thought were HPV positive. Although, it is possible HPV DNA does exist, 

but perhaps in very low quantity.  
 The phylogenetic tree indicates that NV69.1 is not related to any of the 

175 HPVs, although it may distantly be related to alphapapillomaviruses (α-‐PV). 

NV14.4 is related to the betapapillomavirus (β-PV) genus, and NV95 to the 

gammapapillomavirus (γ-PV) genus that are both common on human skin. β-PV 

has been suggested to play a role in the pathogenesis of SCC [107, 108], and γ-
PV was reported to be isolated from the SCC of immunosuppressed patients 

[109, 110]. Thus, it would not be surprising if our novel HPVs were oncogenic in 
nature. This could be further studied through examination of E6/E7 regions of 

these novel HPVs. 
 
Specific aim 2 discussion 
 
 Only one sample from the archived oral tissue biopsy samples tested 

positive for a novel HPVs, which was NV14.4. A possible problem with biopsy 
samples is if the HPV is not integrated with the host DNA (ie. it is in an episomal 

state) [111], this situation may make it difficult to collect the viral DNA as the 
biopsy may miss the area in which the HPV resides. The Alu results 

demonstrated sufficient amount of human DNA. However, older tissue blocks 
could be prone to DNA degradation. 
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 We were able to make comparisons between non-cancer and cancer 
biopsy samples and found that of the OSCC cases only 9% had HPV16 

infection compared to 79% of OPSCC cases (p<0.001), thus demonstrating a 
statistical difference. It should also be noted that of the oral cavity cases, the 

non-cancer patients had a slightly higher prevalence of HPV16 infection 
compared to cancer cases (16% vs. 9%; p=0.018). Within the literature this is 

usually not the case, thus perhaps it was our sampling method, which produced 
this result.  

 
Specific aim 3 discussion 
 
 Out of the three novel viruses, NV69.1 was the most prevalent within the 

oral rinse samples. The genus to which it belongs is still not clear. From the 
phylogenetic tree it appears to be distantly related to α-‐PVs, which are mainly 

isolated from mucosa. HPV16 is an α-‐PV, and is the type that is mainly 

associated with OPSCC [46, 112]. Thus, it is possible that NV69.1 could be an 
oncogenic HPV. NV14.4 and NV95 may also be oncogenic, but further 

investigations are needed to determine this.  
  
Conclusions 
 
 NGS is a useful tool for identifying novel HPVs in conjunction with MP-
RCA and FAP PCR. Although, it is an expensive technique, thus precaution 

should be taken when choosing which samples to test. From our experience we 
do not recommend pooling of samples if possible as the data obtained is 

enormous, and is difficult to sift through if the concentration of HPV DNA is 
insufficient.  

 Through cloning and Sanger sequencing we were able to identify three 
potential novel HPVS. The prevalence of the NVs was very low in the archived 

tissue biopsies as only one NV was detected in one sample. In the oral rinse 
samples we were able to detect NV14.4 in two samples; NV69.1 in twelve 
samples; and NV95 in two samples.  



	   82	  

 Further investigations should include determining whether the potential 
novel HPVs are oncogenic, which can be accomplished by detecting for E6/E7 

mRNA expression in tumour biopsies. Also, sequencing of the entire genome 
would be ideal in order to characterize it as a novel HPV. 

 In conclusion, oral rinse sample collection is effective for identifying new 
types of HPVs from the oral cavity and oropharynx.  
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