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ABSTRACT OF THE DISSERTATION 
 

E6 Inhibi;on-Mediated Combinatorial Therapy for HPV+ HNSCC  
by 

Sonia Whang 
 

Doctor of Philosophy, Graduate Program in Biochemistry 
Loma Linda University, June 2024 

Dr. Penelope Duerksen-Hughes, Principal Inves;gator 
 
 
High-risk human papillomaviruses (HPV) are the causa;ve agents of virtually all cases of 

cervical cancer and up to 80% of head and neck squamous cell carcinoma (HNSCC). 

Current treatment op;ons include chemo- and radiotherapy, though the effec;veness of 

these therapies is limited by the viral oncoprotein E6, which disrupts apopto;c pathways 

by binding to and accelera;ng the degrada;on of molecules such as p53 and caspase-

8. Our hypothesis was that inhibi;ng E6 and rescuing the apopto;c mediators would 

increase the effec;veness of apopto;c agents. The aims of this study were to first, develop 

an HPV+ HNSCC xenogral model to test small E6 inhibi;ng molecules; and second, to 

evaluate the an;tumor efficacy of lead molecules in an established in vivo model. We 

fulfilled the first aim by op;mizing an HNSCC xenogral model using UM-SCC47 cells, 

incorpora;ng Matrigel, and applying luciferase technology. Our lab has iden;fied two E6 

inhibitors from two different sources: spinacine was iden;fied following screening of the 

TimTec Ac;probe 2K library, and 30-hydroxygambogic acid (GA-OH) was iden;fied 

following screening of the Kansas University 5K library with subsequent follow-up. Both 

compounds were shown to rescue the apopto;c signaling molecules and to re-sensi;ze 



 xvi 

cancer cells to apoptosis in vitro. To further explore the therapeu;c poten;al of these 

small molecules, we determined their toxicity and an;tumor efficacy in vivo. Spinacine 

exhibited no toxicity to mice at doses up to and including 20 mg/kg but did not yield 

evidence of efficacy on tumor growth either alone or when combined with apopto;c 

agents. Subsequently, our lab demonstrated that GA-OH had higher specificity and 

effec;veness than our previous lead molecules in vitro. Therefore, we assessed GA-OH’s 

toxicity and evaluated the effec;veness of GA-OH in combina;on with chemotherapy. 

Behavioral/physical assessments, body weight, organ necropsy, and blood tests, with the 

possible excep;on of crea;ne kinase, all pointed towards lack of significance toxicity, 

predic;ng tolerance. Moreover, we were able to demonstrate that our animal model was 

func;onal, and that cetuximab slowed and regressed tumor growth. We found that GA-

OH alone did not slow tumor growth; however, when combined with cispla;n, GA-OH 

enhanced cispla;n’s efficacy in HPV+ HNSCC in vivo.  
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CHAPTER ONE 

INTRODUCTION 
 

 

Recent Progress in Therapeutic Treatments and Screening Strategies for the 
Prevention and Treatment of HPV-Associated Head and Neck Cancer 

 
 
 

 

 

 

 
Sonia N. Whang, Maria Filippova and Penelope Duerksen-Hughes 

 
 

 
 
 
 

Chapter One is adapted from Whang SN, Filippova M, Duerksen-Hughes P. Recent 
Progress in Therapeutic Treatments and Screening Strategies for the Prevention 

and Treatment of HPV-Associated Head and Neck Cancer. Viruses. 2015 Sep 
17;7(9):5040-65. doi: 10.3390/v7092860.  

PMID: 26393639; PMCID: PMC4584304. 
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Abstract: The rise in human papillomavirus (HPV)-associated head and neck squamous 

cell carcinoma (HNSCC) has elicited significant interest in the role of high-risk HPV in 

tumorigenesis. Because patients with HPV-positive HNSCC have better prognoses than 

do their HPV-negative counterparts, current therapeutic strategies for HPV+ HNSCC are 

increasingly considered to be overly aggressive, highlighting a need for customized 

treatment guidelines for this cohort. Additional issues include the unmet need for a 

reliable screening strategy for HNSCC, as well as the ongoing assessment of the efficacy 

of prophylactic vaccines for the prevention of HPV infections in the head and neck 

regions. This review also outlines a number of emerging prospects for therapeutic 

vaccines, as well as for targeted, molecular-based therapies for HPV-associated head and 

neck cancers. Overall, the future for developing novel and effective therapeutic agents 

for HPV-associated head and neck tumors is promising; continued progress is critical in 

order to meet the challenges posed by the growing epidemic. 

 

Keywords: head and neck squamous cell carcinoma; high risk HPV; HPV-related 

oropharyngeal squamous cell carcinoma; cancer treatments; target therapy; HNSCC; HR 

HPV; OPSCC 
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1. Introduction and Background 

Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer in 

the world, with an incidence of over half a million new cases annually (Bol & Gregoire, 

2014; Elrefaey, Massaro, Chiocca, Chiesa, & Ansarin, 2014; Friedman, Stavas, & Cmelak, 

2014; Machiels et al., 2014; van Kempen et al., 2014). The most common tumor sites of 

HNSCC include the oral cavity, nasal cavity, larynx, hypopharynx, and the oropharynx 

(Chai, Lambie, Verma, & Punyadeera, 2015; Elrefaey et al., 2014; Friedman et al., 2014; 

John, Wu, Lee, & Farah, 2013; Machiels et al., 2014; Vermeer et al., 2013).  A few decades 

ago, a decline in HNSCC in relation to the carcinomas of the hypopharynx and larynx was 

indicated (Boscolo-Rizzo et al., 2013; D'Souza & Dempsey, 2011; Elrefaey et al., 2014; 

Osazuwa-Peters et al., 2015; van Kempen et al., 2014). This was attributed to the rise in 

public awareness (Monnier & Simon, 2015; Moore & Mehta, 2015; Sepiashvili et al., 2015; 

Vermeer et al., 2013) and the consequential decline in excessive tobacco and alcohol 

consumption, factors traditionally associated with this carcinoma (Adams, Wise-Draper, 

& Wells, 2014; Antonsson et al., 2015; Arbyn et al., 2012; Elrefaey et al., 2014; van 

Kempen et al., 2014). In contrast to the encouraging trend, certain types of HNSCC have 

risen over the past couple of decades due to an increase in the incidence of oropharynx 

squamous cell carcinoma (OPSCC) (D'Souza & Dempsey, 2011; Elrefaey et al., 2014; 

Osazuwa-Peters et al., 2015; van Kempen et al., 2014), which includes cancers that form 

in the tonsils and at the base of the tongue (Adams et al., 2014; Arbyn et al., 2012; Bosch 

et al., 2013; Boscolo-Rizzo et al., 2013; D'Souza & Dempsey, 2011; Dalianis, 2014a; 

Machiels et al., 2014). This became particularly evident in patients with no history of 
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tobacco smoking or alcohol abuse (Antonsson et al., 2015; Ramshankar & Krishnamurthy, 

2013; van Kempen et al., 2014), arguing for the presence of an additional etiological agent 

(Adams et al., 2014; Friedman et al., 2014; van Kempen et al., 2014). The striking increase 

in these cancers has been attributed to the rising prevalence of human papillomavirus 

(HPV)-associated tumors (Adams et al., 2014; Antonsson et al., 2015; Chaturvedi et al., 

2011; D'Souza & Dempsey, 2011; Gillison et al., 2000; Psyrri, Sasaki, Vassilakopoulou, 

Dimitriadis, & Rampias, 2012; Urban, Corry, & Rischin, 2014). 

The link between HPV and oropharyngeal carcinoma was initially suggested four 

decades ago, when it was still considered a risk factor (Adams et al., 2014; Osazuwa-

Peters et al., 2015). However, it was not until the past decade that the prevalence of HPV 

in the head and neck has elicited considerable attention (Garbuglia, 2014), and the 

International Agency for Research against Cancer (IARC) has now acknowledged HPV as 

an emergent etiological factor in the development of OPSCC (Adams et al., 2014; Dalianis, 

2014a, 2014b; Machiels et al., 2014; Osazuwa-Peters et al., 2015; Ramshankar & 

Krishnamurthy, 2013). With up to 80% of OPSCC now related to HPV (Dalianis, 2014b), 

research reveals that the virus has undoubtedly altered the epidemiology and survival 

outcome landscape of head and neck carcinoma (Chaturvedi et al., 2011; Dreyer, Hauck, 

Oliveira-Silva, Barros, & Niedobitek, 2013; Friedman et al., 2014). In fact, the incidence of 

HPV-negative head and neck squamous cell carcinomas has statistically decreased by 

50%, in step with the gradual reduction of tobacco and alcohol use since the 1980s (Arbyn 

et al., 2012; Bonilla-Velez, Mroz, Hammon, & Rocco, 2013; Chaturvedi et al., 2011; 

Garbuglia, 2014; Osazuwa-Peters et al., 2015; Wierzbicka et al., 2013). In contrast, HPV-
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positive oropharyngeal carcinomas have escalated by a dramatic 225% in the US (Arbyn 

et al., 2012; Bonilla-Velez et al., 2013; Chaturvedi et al., 2011; Garbuglia, 2014; Moore & 

Mehta, 2015; Osazuwa-Peters et al., 2015; Wierzbicka et al., 2013), and they will 

represent a large fraction of the HNSCC population in the country within the next 20 years 

(Boscolo-Rizzo et al., 2013; Chaturvedi et al., 2011). In fact, at the current rate of increase, 

OPSCC is predicted to surpass the incidence of HPV-positive cervical cancer, the archetypal 

HPV malignancy, in the US by the year 2020 (Adams et al., 2014; Bonilla-Velez et al., 2013; 

Caicedo-Granados et al., 2014; Chaturvedi et al., 2011; Elrefaey et al., 2014; Lui & Grandis, 

2012; Moore & Mehta, 2015; Psyrri et al., 2012; Rettig, Kiess, & Fakhry, 2015; Sepiashvili 

et al., 2015). Not only does this carcinoma affect the US, but it also confers a growing 

public health concern internationally (Chaturvedi et al., 2011; Elrefaey et al., 2014). Thus, 

the increasing epidemic of HPV-derived HNSCC is becoming a major health care issue with 

significant clinical ramifications (Chaturvedi et al., 2011; Elrefaey et al., 2014). 

2. High-Risk HPV as an Etiological Factor 

HPV infection has been extensively studied in the context of its association with 

cervical cancer (Boscolo-Rizzo et al., 2013; Elrefaey et al., 2014; Psyrri et al., 2012), the 

second leading cancer in women in less developed countries (Adams et al., 2014; Stanley, 

2012), and multiple studies have clearly established that HPV infection in the genitals is 

transmitted by sexual contact (Mannarini et al., 2009; Ramshankar & Krishnamurthy, 

2013). The factors responsible for the surge in HPV-derived HNSCC were once nebulous 

(Mannarini et al., 2009; Wierzbicka et al., 2013), but accumulating evidence now indicates 

that HPV-initiated OPSCC may be a result of changing sexual behaviors in the population 
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(Antonsson et al., 2015; Arbyn et al., 2012; Bonilla-Velez et al., 2013; Chaturvedi et al., 

2011; D'Souza & Dempsey, 2011; Dalianis, 2014b; Elrefaey et al., 2014; Haedicke & Iftner, 

2013; Langer, 2012; Ramshankar & Krishnamurthy, 2013; Wierzbicka et al., 2013). For 

example, it has been demonstrated that HPV is eight times more likely to be isolated from 

the oral cavity of sexually experienced individuals than from the oral cavity of those who 

are sexually inexperienced (Blitzer, Smith, Harris, & Kimple, 2014; Gillison et al., 2012; 

Nelke, Lysenko, Leszczyszyn, & Gerber, 2013; Rettig et al., 2015). Similarly, oral infection 

is highly correlated with multiple lifetime sexual partners, early coital debut, oral–genital 

sex, as well as French kissing (Adams et al., 2014; Blitzer et al., 2014; D'Souza, Agrawal, 

Halpern, Bodison, & Gillison, 2009; Dalianis, 2014b; Haedicke & Iftner, 2013; Lui & 

Grandis, 2012; Nelke et al., 2013; Osazuwa-Peters et al., 2015; Wierzbicka et al., 2013). 

Osazuwa et al., surmised that within the US, a sexually active individual is likely to 

encounter an HPV infection at one or more points during their lifetime (Moscicki, 2005; 

Osazuwa-Peters et al., 2015). However, not every HPV infection develops into a 

carcinoma. In fact, a large majority of infections are transient and clear without any 

clinical manifestations (Best, Niparko, & Pai, 2012; Bosch et al., 2013; Boscolo-Rizzo et al., 

2013; Moscicki, 2005; Psyrri et al., 2012), with 66% of infections clearing within 12 months 

and 90% within 24 months (Best et al., 2012; Boscolo-Rizzo et al., 2013). Despite the high 

level of clearance, the presence of high-risk HPV infection in the oral cavity has been 

associated with a five to fifty-fold increased risk of HNSCC development, depending on 

the HPV type (Bonilla-Velez et al., 2013; Gillison et al., 2012; Ramshankar & 

Krishnamurthy, 2013; Wierzbicka et al., 2013). Consequently, the chances of developing 
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head and neck cancer (HNC) increase when interacting with more than 25 lifetime vaginal 

sex partners and/or more than five lifetime oral sex partners, according to a study 

conducted by D’Souza et al. (D'Souza et al., 2007; Elrefaey et al., 2014; Pickard, Xiao, 

Broutian, He, & Gillison, 2012; Ramshankar & Krishnamurthy, 2013). Interestingly, it has 

been shown that an HPV infection in the head and neck is correlated with an infection in 

the anogenital area (D'Souza & Dempsey, 2011; Wierzbicka et al., 2013) as cervical cancer 

patients have a five-fold higher risk of head and neck cancer (Mannarini et al., 2009; Rettig 

et al., 2015; Steinau et al., 2014). In addition, an increased risk for tongue and tonsil 

carcinomas are observed in male partners of women with cervical carcinoma (D'Souza & 

Dempsey, 2011; Elrefaey et al., 2014; Hemminki, Dong, & Frisch, 2000; Rettig et al., 2015), 

and these results have been corroborated by a match on the HPV type in those couples 

(Mannarini et al., 2009; Vogt, Gravitt, Martinson, Hoffmann, & D'Souza, 2013; Widdice et 

al., 2010; Wierzbicka et al., 2013). Therefore, significant accumulated evidence supports 

the idea that the likely transmission of this infection is primarily through oral–genital and 

oral–oral routes (Dalianis, 2014b; Mannarini et al., 2009). 

Since HPV-positive oropharyngeal cancers display a different etiology than do HPV-

negative cancers (Chaturvedi et al., 2011; Sepiashvili et al., 2015; Trosman et al., 2015), 

HPV-derived OPSCCs are found in a subpopulation of patients that is epidemiologically, 

genetically, and demographically distinct from patients presenting with the more 

traditional HPV-negative OPSCCs (Boscolo-Rizzo et al., 2013; Elrefaey et al., 2014; Gillison 

et al., 2000; Osazuwa-Peters et al., 2015). Unlike HPV-negative OPSCCs, which are 

typically found in individuals older than 60 years of age with a strong history of tobacco 



 8 

and alcohol consumption (T. Cooper et al., 2015; Osazuwa-Peters et al., 2015), HPV-

related OPSCC typically appears in younger populations, between the ages of 40 and 55, 

with generally low levels of substance abuse (Blitzer et al., 2014; Boscolo-Rizzo et al., 

2013; Monnier & Simon, 2015; Smith et al., 2004; Wierzbicka et al., 2013). This cohort of 

patients tends to be high functioning (Bonilla-Velez et al., 2013), and demonstrates a 

better general condition (Wierzbicka et al., 2013) as well as health (Duek, Billan, Amit, & 

Gil, 2014; Elrefaey et al., 2014; Friedman et al., 2014; Genden, 2012; Langer, 2012; Lorincz, 

Jowett, & Knecht, 2015; Nelke et al., 2013; Nichols et al., 2013). Moreover, a recent study 

reported an 80% higher incidence in males than in females (Dalianis, 2014a; Elrefaey et 

al., 2014; Garbuglia, 2014; Osazuwa-Peters et al., 2015; Rettig et al., 2015; Sanders, Slade, 

& Patton, 2012; Zhang, Mirani, Baisre, & Fernandes, 2014) and a lower incidence in blacks 

than in Caucasians (4% in blacks vs. 34% in their Caucasian counterparts) (Chaturvedi et 

al., 2011; Elrefaey et al., 2014; Rettig et al., 2015; Settle et al., 2009; Weinberger et al., 

2010). In addition, this patient cohort possesses higher economic status and more 

education (Elrefaey et al., 2014; Moore & Mehta, 2015). Therefore, subjects with HPV-

related HNSCC are likely to be middle-aged Caucasian males who are non-smokers and 

non-drinkers with a higher socioeconomic status and educational level (Bonilla-Velez et 

al., 2013; Boscolo-Rizzo et al., 2013; Rettig et al., 2015). 

3. Current Treatments and Therapies 

Current therapeutic interventions for HNSCC patients include surgery, 

chemotherapy, and radiotherapy (Adams et al., 2014; Chai et al., 2015; Duek et al., 2014; 

Fumagalli et al., 2015). Each of these treatments have been employed at different clinics 
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in the US (Lui & Grandis, 2012), but currently no clinical guidelines differentiating 

treatment strategies between HPV-derived and tobacco-derived HNSCC exist (Kaczmar et 

al., 2014; Mydlarz, Chan, & Richmon, 2015; Psyrri et al., 2012). Moreover, only a few 

clinical trials have made such a distinction (Ang et al., 2010; Bol & Gregoire, 2014; Elrefaey 

et al., 2014; Fumagalli et al., 2015; George, 2014; Guo et al., 2015; Lui & Grandis, 2012; 

Maxwell et al., 2014), even though these two subsets represent separate disease entities 

pathologically and etiologically (Ang et al., 2010; Dalianis, 2014b; Lui & Grandis, 2012; 

Trosman et al., 2015; Urban et al., 2014; Zhang et al., 2014). Presently, the standard 

therapy for head and neck cancer is determined by the tumor stage (Adams et al., 2014; 

Elrefaey et al., 2014; George, 2014; Machiels et al., 2014), the site of the tumor (Adams 

et al., 2014; George, 2014; Machiels et al., 2014) and the expected functional outcomes 

(Machiels et al., 2014), as well as by the preference of the practitioner and the patient, 

which include considerations of the level of organ preservation and the patient’s quality 

of life (Elrefaey et al., 2014).  

Head and neck cancer is classified into the following categories: early-stage or stage 

I/II, locally advanced or stage III/IV, and recurrent or metastatic phase (Martinez-Useros 

& Garcia-Foncillas, 2015). Early stages of head and neck cancer are usually treated with a 

single-modality treatment, such as radiotherapy or surgical resection (Adams et al., 2014; 

Machiels et al., 2014; Monnier & Simon, 2015; Moore & Mehta, 2015; Purohit, Bhise, 

Lokanatha, & Govindbabu, 2013). A combination of multiple therapies for superior 

oncologic results are required for the management of advanced stages III/IV (Kaczmar et 

al., 2014; Machiels et al., 2014; Martinez-Useros & Garcia-Foncillas, 2015); for example, 
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surgery with adjuvant radiation or chemoradiation with chemotherapy being added for 

high risk pathologic features found from the surgical specimen (Bernier et al., 2004; J. S. 

Cooper et al., 2004; Elrefaey et al., 2014; Haedicke & Iftner, 2013; Sepiashvili et al., 2015), 

or radiotherapy with concomitant chemotherapy (Burtness, Bourhis, Vermorken, 

Harrington, & Cohen, 2014; George, 2014; Hamoir et al., 2012; Patel et al., 2015; 

Sepiashvili et al., 2015). Therefore, patients with advanced stages of head and neck cancer 

are treated through a multidisciplinary and multimodal treatment approach (T. Cooper et 

al., 2015; Martinez-Useros & Garcia-Foncillas, 2015; Modur, Thomas-Robbins, & Rao, 

2015; Purohit et al., 2013). 

3.1. Surgery 

Surgery is one of the standard treatments for early stage I/II HNSCC. In the past, 

surgical procedures sometimes consisted of extensive open transmandibular, and open 

pharyngotomy procedures (Elrefaey et al., 2014; Ford, Brandwein-Gensler, Carroll, 

Rosenthal, & Magnuson, 2014; George, 2014; Monnier & Simon, 2015; Mydlarz et al., 

2015) that resulted in severe morbidities including facial deformity, dysarthria, and 

dysphagia (Adams et al., 2014; Duek et al., 2014; Genden, 2012; Mydlarz et al., 2015), 

especially in more locally advanced cases. Over the past 30 years, advances in 

radiotherapy and chemotherapy yielding favorable oncologic outcomes shifted treatment 

choices away from open surgery (Duek et al., 2014; Mydlarz et al., 2015; Nichols et al., 

2013), until new minimally invasive trans-oral surgery (TOS) came into prominence as a 

viable surgical tool for early phase OPSCC (Boscolo-Rizzo et al., 2013; Ford et al., 2014; 

Lorincz et al., 2015; Maxwell et al., 2014; Mydlarz et al., 2015) within the last decade, 
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promising to reduce morbidity and mortality while improving organ preservation 

(Boscolo-Rizzo et al., 2013; Genden, 2012; Urban et al., 2014). This new surgical approach 

enables resection of a tumor through the opening of the mouth without the damage to 

normal tissue and musculature seen in transcervical or transmandibular approaches 

(Mydlarz et al., 2015; Ridge, 2014). Because of these advancements in technology, HPV-

associated OPSCC patients may be the most appropriate subgroup to undergo a minimally 

invasive TOS regimen since they tend to be younger, non-smokers, and have good odds 

for long-term survival (Boscolo-Rizzo et al., 2013; Mydlarz et al., 2015). Moreover, the 

restoration of surgical resection as a safe treatment modality reinstituted the advantage 

of acquiring surgical specimens for definitive pathological staging to guide in the 

determination of adjuvant therapy needed. Transoral laser microsurgery (TLM) and 

transoral robotic surgery (TORS) are currently the principal TOS techniques utilized for 

head and neck carcinoma (Bonilla-Velez et al., 2013; Boscolo-Rizzo et al., 2013; Mydlarz 

et al., 2015). 

TLM is one of the procedures available for early head and neck cancer (Bonilla-Velez 

et al., 2013). This procedure utilizes surgical apparatus already present in many medical 

centers, such as a laryngoscope, operating microscope, and a CO2 laser (Bonilla-Velez et 

al., 2013; Hinni, Nagel, & Howard, 2015). TLM is capable of conserving normal tissue by 

resecting the tumors via a direct transoral approach using transtumor cuts to assess 

tumor depth and microscopic magnification to aid in margin control (Bonilla-Velez et al., 

2013; Hinni et al., 2015; Lorincz et al., 2015); as a result, the TLM treatment of locally 
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advanced head and neck cancer can attain excellent cosmetic and functional outcomes 

(Bonilla-Velez et al., 2013; Genden, 2012). 

In 2009, TORS, an alternative method for transoral surgery, became approved for 

small primary tumors of the head and neck region (Boscolo-Rizzo et al., 2013) and is 

quickly becoming a popular technique (Ford et al., 2014; Genden, 2012; Lorincz et al., 

2015; Mydlarz et al., 2015). TORS’s magnified and angled stereoscopic visualization and 

articulated robotic arms aid in complex resections (Duek et al., 2014; Elrefaey et al., 2014; 

Genden, 2012; Lorincz et al., 2015) as well as the performance of oncologic extirpations 

en bloc in the oral cavity (Bonilla-Velez et al., 2013; Hinni et al., 2015; Mydlarz et al., 2015). 

In addition, TORS offers tremor filtration and high-precision motion scaling although at a 

significantly higher cost (Bonilla-Velez et al., 2013; Duek et al., 2014; Lorincz et al., 2015; 

Mydlarz et al., 2015). The price for a Da Vinci robotic system surpasses a million dollars, 

and the additional expenses for services and expendable supplies can be a limiting factor 

for many clinical centers (Genden, 2012; Lorincz et al., 2015; Mydlarz et al., 2015). 

However, some of the advantages of the TORS over open surgery include low rates of 

complications and mortality with shorter postoperative recovery time, as well as 

satisfactory oncological results and improved swallowing outcomes (Boscolo-Rizzo et al., 

2013; Duek et al., 2014; Elrefaey et al., 2014; Genden, 2012). There is some evidence to 

suggest that TORS resection may allow reduced doses of adjuvant radiation with similar 

oncologic control and reduced treatment morbidity (Ford et al., 2014; Genden, 2012). To 

help clarify this, the ECOG 3311 clinical trial is evaluating the de-intensification of 

postoperative radiation after surgical resection of HPV-associated OPSCC (Kaczmar et al., 
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2014; Mydlarz et al., 2015; Ridge, 2014). Therefore, these new trans-oral surgical 

techniques are decreasing cosmetic disfigurement while improving function and quality 

of life (Mydlarz et al., 2015; O'Leary & Kjaergaard, 2014). 

3.2. Chemotherapy 

Cisplatin is the most widely used chemotherapeutic agent with the best prognostic 

outcome, achieving about a 90% 3-year survival rate (Adams et al., 2014; Martinez-Useros 

& Garcia-Foncillas, 2015). Cisplatin, also known as cis-Diammineplatinum (II) dichloride or 

CDDP, is a DNA intercalator targeting cells that replicate at a high rate (Modur et al., 

2015). This intercalator binds to guanine residues causing crosslinks between the DNA 

strands, and eventually leading to cell death (Modur et al., 2015). Studies indicate that 

HPV-associated patients have a higher response rate to platinum-based chemotherapy 

than do their HPV-negative counterparts (Modur et al., 2015). However, the benefits of 

this therapy come at a price due to comorbidities such as, but not limited to, xerostomia, 

dysphagia, neurotoxicity and renal failure (Adams et al., 2014; Duek et al., 2014; Nichols 

et al., 2013). This platinum-based regimen continues to be a standard treatment for organ 

preservation protocols (Adams et al., 2014; Forastiere et al., 2003; Hamoir et al., 2012) as 

well as advanced and unresectable head and neck cancers (Adams et al., 2014; Psyrri, 

Seiwert, & Jimeno, 2013). Other commonly used chemotherapeutic agents consist of 

platinum compounds such as carboplatin; taxanes such as docetaxel and paclitaxel; 

methotrexate; and 5-fluorouracil (Inhestern et al., 2015; Malhotra et al., 2014; Martinez-

Useros & Garcia-Foncillas, 2015). These chemotherapeutic drugs are showing some 

promise in the treatment of HNSCC patients, however, additional agents that can target 
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the tumor cells more specifically are under investigation. Targeted chemotherapeutic 

agents such as cetuximab are discussed below. 

3.3. Radiotherapy 

Historically, radiotherapy has been thought of as a conventional treatment for HNSCC 

and is usually a component of a multi-modal therapy plan (Nichols et al., 2013; Vermeer 

et al., 2013). Radiotherapy induces double strand breaks of the tumor cells, reducing cell 

viability and increasing cell cycle arrest and death (Hsu et al., 2014). Radiation treatment 

delivery has evolved through the decades, and advances in radiotherapy have led to the 

development of intensity-modulated radiotherapy (IMRT) (McBride et al., 2014; Surucu 

et al., 2015). IMRT delivers radiation to tumor tissues while simultaneously reducing the 

dosage to non-carcinogenic cells (Broglie et al., 2013; Mydlarz et al., 2015). In this manner, 

IMRT can more efficiently spare healthy tissues, enhance tumor coverage, and achieve a 

steady dose distribution (Surucu et al., 2015). Even though IMRT has improved survival 

outcomes, the toxicities concomitant to irradiation continue to deteriorate a patient’s 

quality of life (Bonilla-Velez et al., 2013; Broglie et al., 2013). For instance, HNSCC treated 

patients have a higher likelihood of experiencing occlusive carotid artery disease and 

stroke (Bonilla-Velez et al., 2013; Monnier & Simon, 2015). Moreover, a considerable 

amount of radiotherapy-induced malignancies become apparent in HNC survivors 

(Bonilla-Velez et al., 2013). Notwithstanding, the major cause of death in HNC survivors 

unrelated to cancer is cardiovascular disease associated with radiotherapy (Bonilla-Velez et 

al., 2013). Since the HPV-dependent OPSCC population is typically younger and exhibits a 

favorable prognosis, the value of reducing chronic morbidities such as xerostomia 
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(Genden, 2012; Monnier & Simon, 2015), dysphagia, mucositis, lymphedema, and fibrosis 

is considerable (Friedman et al., 2014; Genden, 2012; Mydlarz et al., 2015). Therefore, 

radiation protocols are actively being researched in attempts to decrease both the dosage 

and duration of therapy (Hinni et al., 2015). 

Research has shown that disease control is attainable in both HPV-related and HPV-

unrelated subsets when TORS is employed as an initial surgical approach followed by 

chemoradiation (Boscolo-Rizzo et al., 2013; Haedicke & Iftner, 2013). Unfortunately, 

these patients are subject to the side effects of surgical procedures as well as those of 

nonsurgical interventions (Boscolo-Rizzo et al., 2013; Lui & Grandis, 2012). Despite the 

improvements in therapeutic techniques toward reducing morbidity and increasing survival, 

the 5-year survival rate of HNSCC patients remains at around 50% (Chai et al., 2015; 

Coppock et al., 2013; Ford et al., 2014; Haedicke & Iftner, 2013; Inhestern et al., 2015; B. 

Kumar et al., 2007; Lohaus et al., 2014; Machiels et al., 2014; Martinez-Useros & Garcia-

Foncillas, 2015; Zhang et al., 2014). 

4. Management of HPV-Associated Tumors: The Debate 

Clinicians are becoming increasingly aware of the need for differential therapeutic 

regimens between HPV-positive and HPV-negative patients (Lui & Grandis, 2012) due to 

their distinct disease etiologies (Adams et al., 2014; Ang et al., 2010; Gillison et al., 2000; 

Sepiashvili et al., 2015). Evidence that differences in the biological aspect of these 

subgroups may affect their prognosis and optimal treatment is increasing (Adams et al., 

2014; Bol & Gregoire, 2014; Stern et al., 2012). For example, data collected over the past 

several years makes a compelling case that patients with HPV-derived OPSCC have a more 
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favorable survival than do their matched controls, regardless of treatment strategy (Ang 

et al., 2010; Blitzer et al., 2014; Bol & Gregoire, 2014; Bonilla-Velez et al., 2013; Chaturvedi 

et al., 2011; Fakhry et al., 2008; Friedman et al., 2014; Fumagalli et al., 2015; Gillison et 

al., 2000; Guo et al., 2015; Haedicke & Iftner, 2013; Lui & Grandis, 2012; Ramshankar & 

Krishnamurthy, 2013; Zhang et al., 2014). Research suggests that HPV expression 

corresponds with increased response rates to conventional chemotherapy (Ang et al., 

2010; Arbyn et al., 2012; Bonilla-Velez et al., 2013; Duek et al., 2014; Elrefaey et al., 2014; 

Fakhry et al., 2008; Wierzbicka et al., 2013; Zhang et al., 2014), radiotherapy (Ang et al., 

2010; Antonsson et al., 2015; Arbyn et al., 2012; Bol & Gregoire, 2014; Elrefaey et al., 

2014; Gillison et al., 2000; Wierzbicka et al., 2013; Zhang et al., 2014), and 

radiochemotherapy (RCT) (Ang et al., 2010; Bol & Gregoire, 2014; Bonilla-Velez et al., 

2013; Duek et al., 2014; Fakhry et al., 2008; Guo et al., 2015; Lui & Grandis, 2012; Rischin 

et al., 2010). Moreover, the 3-year overall survival of patients with HPV-associated OPSCC 

is about 75% as opposed to 50% for those with HPV-unassociated malignancies (Ang et 

al., 2010; Blitzer et al., 2014; D'Souza & Dempsey, 2011; Lui & Grandis, 2012; Urban et al., 

2014; Zhang et al., 2014). Additionally, studies of HPV-positive HNSCC revealed a drop of 

approximately 50% in recurrences, a 40% decrease in the risk of death (Arbyn et al., 2012; 

Garbuglia, 2014; Nelke et al., 2013) and a lower incidence of metastases than seen with 

their HPV-negative counterparts (Blitzer et al., 2014; Elrefaey et al., 2014; Guo et al., 2015; 

Laskar & Swain, 2015; Psyrri et al., 2012). As impressive as these statistics look, recurrence 

and metastasis are still responsible for the leading cause of death in HPV-derived OPSCC 

(Amine et al., 2009; Lui & Grandis, 2012; Trosman et al., 2015). In summary, patients with 
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HPV-induced tumor report improved therapeutic responses to interventions and better 

survival rates due to increased sensitivity to chemotherapy and radiotherapy (Adams et 

al., 2014; Bol & Gregoire, 2014; Bonilla-Velez et al., 2013; Haedicke & Iftner, 2013; Lui & 

Grandis, 2012; Ramshankar & Krishnamurthy, 2013; Turner et al., 2011). 

The reason(s) HPV-related HNSCC are associated with an improved survival outcome 

as compared to HPV-unrelated cancers remains speculative (Boscolo-Rizzo et al., 2013; 

Fumagalli et al., 2015; Sepiashvili et al., 2015), but this difference could be ascribed to a 

variety of factors (Ang et al., 2010; Arbyn et al., 2012). One set of explanations focuses on 

the patient population, indicating that the favorable prognosis of patients with HPV-

associated cancers may be attributable to their younger age at diagnosis (Arbyn et al., 

2012; Bol & Gregoire, 2014; Boscolo-Rizzo et al., 2013; Elrefaey et al., 2014; Modur et al., 

2015), their high functioning and superior performance status (Arbyn et al., 2012; 

Boscolo-Rizzo et al., 2013; Elrefaey et al., 2014), as well as the presence of minimal 

tobacco and alcohol related co-morbidities (Arbyn et al., 2012; Bol & Gregoire, 2014; 

Bonilla-Velez et al., 2013; Elrefaey et al., 2014; Modur et al., 2015). 

An alternate or possibly complementary explanation focuses on differences in 

biological mechanisms. That is, even though the biologic mechanisms leading to divergent 

prognoses in HPV-dependent and independent oropharyngeal cancer have been elusive 

(Sepiashvili et al., 2015; Zhang et al., 2014), the survival benefit enjoyed by HPV-

associated patients could be connected to the molecular differences arising from virus-

mediated activities as opposed to events that occur as a consequence of the carcinogens 

or mutations present in non-HPV cancer patients (Ang et al., 2010; D'Souza et al., 2007; 
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Genden, 2012). For example, in most tobacco-related tumors, the tumor suppressor gene 

TP53 is mutated and inactive, while the TP53 gene in HPV-infected tumors is wild-type 

and functionally intact, with the protein being degraded by the HPV oncoprotein E6 

(Caicedo-Granados et al., 2014; Elrefaey et al., 2014; Haedicke & Iftner, 2013; van Kempen 

et al., 2014). Research indicates that persistent treatment with certain therapeutic agents 

can suppress E6 oncogenes, allowing the TP53 gene to carry out its normal function 

(Genden, 2012; Modur et al., 2015). Therefore, the presence of the wild-type TP53 gene 

and the lower mutation rate (Blitzer et al., 2014) observed in HPV-derived SCC may enable 

these tumor cells to undergo an intact apoptotic response when treated with 

radiotherapy and/or chemotherapy, resulting in a high response rate (Boscolo-Rizzo et 

al., 2013; Elrefaey et al., 2014; Friedman et al., 2014; Genden, 2012; Ramshankar & 

Krishnamurthy, 2013). 

Another possibility is that HPV-positive cancer cells express viral proteins that induce 

and enhance the immune response, which becomes involved in clearing cancer cells 

during treatment (Elrefaey et al., 2014; Fertig et al., 2013; Modur et al., 2015; Vermeer et 

al., 2013). This theory was proposed after a cancer cell line treated with 

chemoradiotherapy in vitro demonstrated increased survival (Friedman et al., 2014) and 

resistance to treatment (Bol & Gregoire, 2014; Bonilla-Velez et al., 2013) as compared to 

the same therapy applied in vivo, where the cells are surrounded by an immunologic 

microenvironment. Likewise, an apparent higher response in immunocompetent vs. 

immunodeficient mice further supports this finding (Friedman et al., 2014). In addition, 

studies indicate that the majority of HPV-infected tumor patients manifest a higher titer 
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of T cells infiltrating the tumor (Bol & Gregoire, 2014) and a high percentage of cytotoxic 

CD8+ T cells that are specific to HPV (Blitzer et al., 2014; Bol & Gregoire, 2014; Friedman 

et al., 2014) compared to non-HPV tumor patients. 

Lastly, the difference in the degree of intratumor heterogeneity between HPV-

dependent and HPV-independent OPSCC could contribute to their divergent prognoses. 

Intratumor heterogeneity refers to a tumor population comprised of subpopulations that 

display differing genetic makeups (Bonilla-Velez et al., 2013). Assuming that certain 

subpopulations are more susceptible to treatment therapies than others, tumors with 

high intratumor heterogeneity are progressively identified as having poor therapeutic 

response and recurrence or metastasis (Bonilla-Velez et al., 2013). HPV-driven tumors are 

considered to represent a homogeneous, one-agent-induced population, and are thus 

less intratumorally heterogeneous, possibly leading to the better therapeutic response. 

To date, an effective mono-dimensional therapy approach suitable for head and neck 

carcinoma is not available (Lui & Grandis, 2012). Moreover, the classical therapies 

generate substantial side effects (Fertig et al., 2013; Hinni et al., 2015). Traditionally, 

therapeutic strategies have consisted of open surgery with the option of 

radiochemotherapy (Hinni et al., 2015; Nichols et al., 2013). The adverse effects of these 

therapeutic interventions have not improved in recent decades, and severe 

consequences associated with swallowing (Adams et al., 2014; Hinni et al., 2015; Nichols 

et al., 2013), talking (Adams et al., 2014; Hinni et al., 2015; Nichols et al., 2013), breathing 

(Hinni et al., 2015), hearing (Adams et al., 2014), and even one’s countenance (Adams et 

al., 2014; Hinni et al., 2015; Nichols et al., 2013) are prevalent. The current contention lies 
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in whether the intensity level of the therapy is too high for the cohort of HPV-positive 

patients that exhibit better outcomes (Lui & Grandis, 2012; Nichols et al., 2013; Psyrri et 

al., 2012; Ramshankar & Krishnamurthy, 2013; Ridge, 2014). The different therapeutic 

strategies all have comparable oncological effects, yet the functional complications can 

have a particularly long lasting effect on the rising cohort of young patients with HPV-

associated head and neck cancer (Bonilla-Velez et al., 2013; Elrefaey et al., 2014). In 

making their decisions, clinicians are dealing with a subset of patients that will most likely 

reach full recovery and surpass their cancer by a few decades, and hence will be severely 

affected by the late sequelae of cancer treatment (Bonilla-Velez et al., 2013; Duek et al., 

2014; Elrefaey et al., 2014; Laskar & Swain, 2015; Lorincz et al., 2015). Consequently, an 

intensive multidisciplinary regimen resulting in considerable morbidity might be 

inappropriate for the HPV-initiated HNSCC subgroup (Boscolo-Rizzo et al., 2013; Elrefaey 

et al., 2014). Accordingly, the favorable prognosis in HPV-driven oropharyngeal cancer 

has prompted the progression to organ preservation strategies (Bonilla-Velez et al., 2013; 

Nichols et al., 2013; Psyrri et al., 2012) that treat the tumor with minimal cosmetic and 

functional complications (Dalianis, 2014a). Therefore, evaluating the options for 

therapeutic de-escalation to reduce toxicity and determining treatment strategy with 

high efficacy to optimize quality of life is of utmost importance for this HPV-associated 

subpopulation (Bonilla-Velez et al., 2013; Boscolo-Rizzo et al., 2013; Coppock et al., 2013; 

George, 2014; Lui & Grandis, 2012; Masterson et al., 2014; Nichols et al., 2013). 

Some researchers contend that concurrent radiochemotherapy may confer excess 

treatment (Boscolo-Rizzo et al., 2013). Moreover, evidence has surfaced denoting the 
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overtreatment of adjuvant chemotherapy after surgical resection in locally advanced 

HNSCC patients (Hinni et al., 2015), accruing proponents for the de-escalation regimens. 

Yet the establishment of a de-intensification regimen can be challenging since nearly 10% 

of patients with HPV-derived tumors have a poorer prognosis and a higher likelihood of 

developing metastases or recurrence (Ang et al., 2010; Boscolo-Rizzo et al., 2013; Lui & 

Grandis, 2012; Sepiashvili et al., 2015), demanding a more potent therapy. Some advise 

not to change treatment decisions or management strategy on the basis of HPV, as 

conclusive evidence is lacking (Blitzer et al., 2014; Bosch et al., 2013; Machiels et al., 2014; 

Masterson et al., 2014; Ramshankar & Krishnamurthy, 2013; Urban et al., 2014). Others 

argue that the treatment of patients with HPV-associated OPSCC should depend on the 

tumor phase (Urban et al., 2014), the general condition and performance status of the 

patient, and the expected functional outcomes (Boscolo-Rizzo et al., 2013). Their aim is 

to increase the opportunities to tackle early phase carcinomas with a mono-dimensional 

regimen (Boscolo-Rizzo et al., 2013). Further investigation is necessary to determine 

whether an alternative treatment strategy is required for HPV-associated HNC patients. 

5. De-Intensification Trials 

Clinical trials testing various de-intensification strategies for HPV-positive head and 

neck carcinoma patients are under examination (Bonilla-Velez et al., 2013; Psyrri et al., 

2012). The de-escalation of therapy intensity may be achieved through several different 

approaches (Duek et al., 2014; Langer, 2012). An initial proposal was to decrease the 

standard dose of definitive radiotherapy or chemoradiotherapy, since radiation is 

considered the most toxic component of a therapeutic regimen (Bonilla-Velez et al., 2013; 
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Psyrri et al., 2012). An Eastern Cooperative Oncology Group (ECOG1308) phase II trial 

evaluated the response to chemotherapy with paclitaxel, carboplatin, and cetuximab, and 

based on their complete response, determined which patients could safely undergo 

radiation dose reduction (Genden, 2012; Laskar & Swain, 2015; Lui & Grandis, 2012; Psyrri 

et al., 2012; Psyrri et al., 2013). In 2014, the investigators revealed positive initial results 

in patients that underwent the dose reduction (Friedman et al., 2014). 

Another strategy is to employ the new minimally invasive TOS technique as a primary 

surgical therapy (Bonilla-Velez et al., 2013; Duek et al., 2014). A randomized trial, 

ECOG3311, evaluating whether initial transoral surgery (TORS) can allow for decreased 

adjuvant dose radiotherapy for patients with HPV-positive HNC is currently in progress in 

the US (Blitzer et al., 2014; Bonilla-Velez et al., 2013; Laskar & Swain, 2015; Ridge, 2014). 

Another possibility is the administration of a less toxic alternate agent, such as 

cetuximab, an anti-epidermal growth factor receptor (EGFR) antibody (Duek et al., 2014). 

The Radiation Therapy Oncology Group study (RTOG 1016) and De-ESCALaTE phase III 

trials are comparing conventional cisplatin concurrently with radiotherapy to the new 

cetuximab with concomitant radiation in HPV-driven locally advanced oropharyngeal 

squamous cell carcinoma (SCC) (Adams et al., 2014; Blitzer et al., 2014; Bonilla-Velez et 

al., 2013; Langer, 2012; Laskar & Swain, 2015; Lui & Grandis, 2012; Psyrri et al., 2012). 

6. Molecular Mechanisms 

Ever since the presence of HPV was demonstrated in tissues of HNSCC patients in 

1983, the study of molecular mechanisms in HPV-associated HNSCC has garnered 

significant attention (Adams et al., 2014; Friedman et al., 2014; Ramshankar & 
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Krishnamurthy, 2013; Syrjanen, Pyrhonen, Syrjanen, & Lamberg, 1983). Insight 

accumulated on the molecular progression of HPV derives from the extensive research 

performed on cervical tumorigenesis (Boscolo-Rizzo et al., 2013; Elrefaey et al., 2014; 

Modur et al., 2015; Psyrri et al., 2012); consequently, cervical cancer has become the 

standard model for HPV studies (Adams et al., 2014; Bosch et al., 2013). With an epidemic 

on the horizon, it will be vital to adjust our understanding of the properties of HPV in 

cervical carcinoma to be applicable to head and neck carcinoma (Adams et al., 2014). 

Approaches already developed for the treatment and prevention of cervical cancer 

may be of great help in combating HPV-derived HNSCC (Adams et al., 2014). Nonetheless, 

the different anatomical and molecular aspects between cervical and oropharyngeal 

carcinoma must be delineated to adapt the current knowledge to the oral context (Adams 

et al., 2014). For example, estrogen signaling plays a significant role in cervical cancer, 

while hormonal dependence is not discernible in head and neck carcinomas (Adams et 

al., 2014; Langevin, Grandis, & Taioli, 2011). Furthermore, the cervix is not as frequently 

exposed to elevated amounts of cytotoxic agents and chemical carcinogens as the 

oropharynx (Boscolo-Rizzo et al., 2013). The distribution of specific HPV types detected in 

the two cancers varies as well, revealing a broad spectrum of high-risk HPV types 

accounting for cervical cancer in comparison to the more limited variety observed in head 

and neck carcinomas (Adams et al., 2014). Another difference observed is that, contrary 

to the integrated HPV form predominant in cervical cancers (Jeon, Allen-Hoffmann, & 

Lambert, 1995; Yu et al., 2005), the HPV genome in HNSCC samples is frequently found in 

both episomal and integrated forms (Gao et al., 2014; Koskinen et al., 2003; Mannarini et 
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al., 2009; Olthof et al., 2015; Ramshankar & Krishnamurthy, 2013; Rettig et al., 2015), 

indicating that integration is not essential for progression of tumorigenesis in this location 

(Adams et al., 2014; Mannarini et al., 2009). Additionally, the presence of HPV in different 

cancers engenders divergent prognoses (Zhang et al., 2014). That is, while HPV-driven 

HNSCC have better treatment outcomes, the presence of HPV in cervical cancer is 

associated with poor prognosis (Albers et al., 2005; Zhang et al., 2014), and HPV-

associated cervical cancers are considered more chemoresistant than are other 

gynecological tumors (Rein & Kurbacher, 2001). These differential prognoses may be due 

to the distinctive properties and elements characteristic of the host cancer that come into 

play with the virus, and might contribute substantially to the pathogenesis of HPV 

malignancy (Zhang et al., 2014). Despite these considerations, the molecular virology of 

infection is not anticipated to be significantly different in HNSCC as compared to that 

present in cervical cancer. The prevailing understanding of the molecular details of HPV 

has therefore shed light on HPV-positive head and neck cancer.  

HPV is transmitted through the mucosal and non-mucosal skin epithelia (Adams et 

al., 2014; Blitzer et al., 2014). About 200 HPV types categorized based on the HPV L1 

sequence have been detected, some of which have the ability to induce carcinogenesis 

(Adams et al., 2014; Blitzer et al., 2014; S. Kumar, Biswas, & Jose, 2015; Psyrri et al., 2012; 

Stanley, 2012). Nearly 40 of these HPV types affect the mucosal tissues (S. Kumar et al., 

2015) and can be stratified into low-risk (HPV 6,11) and high-risk (i.e., HPV-16, 18) 

categories, based on their ability to develop precancerous lesions and their potential to 

cause malignant transformation (Adams et al., 2014; Blitzer et al., 2014; Bol & Gregoire, 
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2014; Bonilla-Velez et al., 2013; Cubie & Cuschieri, 2013; Nicol et al., 2013; Stanley, 2012). 

The oncogenic high-risk subtypes are expected to give rise to 5.2% (Adams et al., 2014; 

Bonilla-Velez et al., 2013; Bosch et al., 2013; Parkin, 2006; Sepiashvili et al., 2015) of 

cancers globally, being responsible for up to 70% of oropharyngeal (Sepiashvili et al., 

2015; Stanley, 2012), 99% of cervical (Sepiashvili et al., 2015), 88% of anal (Sepiashvili et 

al., 2015), and 70% of vaginal (Elrefaey et al., 2014; Sepiashvili et al., 2015; Stanley, 2012) 

lesions. Of the 20 identified carcinogenic high-risk HPV types (Blitzer et al., 2014; S. Kumar 

et al., 2015), HPV-16 is the most rampant (Garbuglia, 2014; Nelke et al., 2013), accounting 

for more than 90% of HPV-positive oropharyngeal cancers (Adams et al., 2014; Antonsson 

et al., 2015; Bol & Gregoire, 2014; Sepiashvili et al., 2015), followed by HPV-18 (Osazuwa-

Peters et al., 2015). 

The HPV is a non-enveloped, double-stranded DNA virus that displays a predilection 

for squamous cell epithelium (Adams et al., 2014; Blitzer et al., 2014; Bonilla-Velez et al., 

2013; Lin, Doolan, Hung, & Wu, 2010; Stanley, 2012). The stratified squamous epithelium 

is composed of progenitor cells in the lower stratum, and as they move up the suprabasal 

layer (Blitzer et al., 2014; Ramshankar & Krishnamurthy, 2013), they become 

differentiating keratinocytes (Adams et al., 2014; Modur et al., 2015). HPV infection 

occurs when small lesions or tears at the surface of the epithelium are present, granting 

the virus entry to the progenitor cells in the basal layer of the stratified epithelium (Adams 

et al., 2014; Blitzer et al., 2014; Modur et al., 2015; Ramshankar & Krishnamurthy, 2013). 

Following an infection, the virus will seize the host cellular machinery to synthesize viral 

nucleic acids and transcribe proteins, though usually at low levels (Adams et al., 2014; 
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Best et al., 2012; Boscolo-Rizzo et al., 2013). HPV then takes advantage of the 

differentiation process in these keratinocytes to complete its life cycle (Adams et al., 

2014; Best et al., 2012; D'Abramo & Archambault, 2011). When the differentiating cells 

reach the top stratum of the epithelium, HPV will proceed with protein coat formation, 

assembly of the new viral components, and eventual viral release (Adams et al., 2014). 

Though the process described does not normally lead to cancer, certain events can trigger 

HPV to transform the differentiating keratinocytes into SCC (Boscolo-Rizzo et al., 2013). 

The HPV genome is composed of approximately 8,000 base pairs (Nicol et al., 2013) 

with dual promoters that encode two separate groups of viral proteins (Blioumi et al., 

2014; Bol & Gregoire, 2014; S. Kumar et al., 2015; Lin et al., 2010). The non-structural or 

early genes E1, E2, E4, E5, E6, and E7 are involved in viral replication, and the structural 

or late genes L1 and L2 control the viral packaging (Adams et al., 2014; S. Kumar et al., 

2015; Lin et al., 2010; Stanley, 2012). E1 manages the replication and transcription of the 

virus by acting as a DNA helicase (Adams et al., 2014), and is the only viral protein with 

enzymatic activity (Stanley, 2012). E2 can regulate the HPV genome and down-regulate 

the expression of E6 and E7 oncoproteins by binding to their promoters (Adams et al., 

2014; Lin et al., 2010). The activity of E4 is less well understood, but findings suggest that 

its interactions with the intermediate filaments of the keratin cytoskeleton may assist 

with viral release (Adams et al., 2014; Almajhdi, Senger, Amer, Gissmann, & Ohlschlager, 

2014). 

The immortalizing qualities of the virus are attributable primarily to the oncoproteins 

E6 and E7 (Adams et al., 2014; Bol & Gregoire, 2014; D'Abramo & Archambault, 2011; 
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Elrefaey et al., 2014) with additional contributions from E5 (Blitzer et al., 2014). The 

cooperation between these three oncoproteins and with their interacting cellular 

partners promotes the transformation of the host’s epithelium and maintenance of the 

phenotype that leads to tumorigenesis (Adams et al., 2014; Best et al., 2012; Blitzer et al., 

2014; Bol & Gregoire, 2014; D'Abramo & Archambault, 2011; Psyrri et al., 2012). As 

currently understood, the function of E5 is to subvert immune surveillance by repressing 

the major histocompatibility complex (MHC) class I molecules in the host cells (Best et al., 

2012; Yuan, Filippova, & Duerksen-Hughes, 2012). Moreover, the E5 oncoprotein, 

particularly E5 from HPV-16, is involved with trafficking and signaling through the EGFR 

pathway (Best et al., 2012; Yuan, Filippova, & Duerksen-Hughes, 2012). 

The oncoproteins E6 and E7 are constitutively expressed throughout the progression 

of the carcinoma (Stern et al., 2012), making them attractive targets for antiviral therapy 

(Almajhdi et al., 2014; D'Abramo & Archambault, 2011; Devaraj, Gillison, & Wu, 2003; 

Grasso et al., 2013; Ma et al., 2012; Monie, Tsen, Hung, & Wu, 2009). In the case of 

cervical cancer, the elevated expression of the E6 and E7 oncoproteins is attributed to the 

integration of HPV into the genome of the host, in such a way as to deregulate expression 

of the negative regulator E2 (Adams et al., 2014; Dalianis, 2014a; Gao et al., 2014; Lin et 

al., 2010). However, integration seems to be less necessary for the development of 

HNSCC, indicating that the enhanced expression of viral oncogenes in this context can be 

independent of viral integration (Olthof et al., 2015; Psyrri et al., 2012). We can speculate 

that the reason for the expression of oncoproteins in episomal HPV oral cancer may be 
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exposure to exogenously derived factors, which can synergistically work in conjunction 

with the virus to elicit tumorigenesis. 

The central role of the oncogenic protein E6 is to inhibit apoptosis of the infected 

cells by accelerating the degradation of apoptotic mediators, including the well-known 

tumor suppressor protein p53 (Cherry et al., 2013; M. S. Lechner & Laimins, 1994; Nicol 

et al., 2013; Scheffner, Werness, Huibregtse, Levine, & Howley, 1990), thereby removing 

these proteins from functioning in the intrinsic apoptotic pathway (Yuan, Filippova, & 

Duerksen-Hughes, 2012). The HPV E6 oncoprotein induces ubiquitination of p53 by 

complexing with E6AP, an E3 ubiquitin ligase (Kennedy et al., 2014; Ramshankar & 

Krishnamurthy, 2013). The resulting annihilation of p53 leads to the prevention of cell 

cycle arrest and/or apoptosis (Caicedo-Granados et al., 2014; D'Abramo & Archambault, 

2011; Kennedy et al., 2014; Ramshankar & Krishnamurthy, 2013). E6 proteins from high 

risk and low risk HPV types are both able to bind to p53, however, only the high-risk types 

are able to carry it through to proteasomal degradation (D'Abramo & Archambault, 2011; 

Hietanen, Lain, Krausz, Blattner, & Lane, 2000). In addition to blocking the intrinsic 

apoptotic pathway through p53 degradation, E6 is able to protect host cells from extrinsic 

apoptosis, which is triggered by the binding of tumor necrosis factors (TNF)-family ligands 

to their corresponding receptors (Yuan, Filippova, & Duerksen-Hughes, 2012). For 

example, E6 has been shown to bind to major players of the extrinsic apoptotic pathway 

such as the initiator of the caspase cascade, procaspase 8 (Filippova et al., 2007; 

Tungteakkhun, Filippova, Fodor, & Duerksen-Hughes, 2010), as well as the adaptor 

molecule Fas-associated Death Domain (FADD) (Filippova, Parkhurst, & Duerksen-
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Hughes, 2004; Tungteakkhun, Filippova, Neidigh, Fodor, & Duerksen-Hughes, 2008). E6 

binding to these substrates leads to their accelerated degradation, thereby inhibiting the 

transmission of apoptotic signals to effector caspases such as caspases 3 and 7. As a result, 

E6 prevents cells from undergoing apoptosis initiated through both the intrinsic and 

extrinsic pathways (Tungteakkhun & Duerksen-Hughes, 2008).  

Another oncogene, E7, enhances cellular proliferation by inactivating the 

retinoblastoma protein (pRb) and other proteins involved in the control of cell division 

(Boyer, Wazer, & Band, 1996; Cherry et al., 2013; Dyson, Howley, Munger, & Harlow, 

1989; Elrefaey et al., 2014; Garbuglia, 2014; Nicol et al., 2013). The HPV E7 protein binds 

to the pRb-E2F complex and removes pRb from the complex, leading to the disruption of 

cell cycle controls (Kennedy et al., 2014; X. Liu, Clements, Zhao, & Marmorstein, 2006; 

Ramshankar & Krishnamurthy, 2013). Hence, a therapeutic strategy that targets these 

oncogenes would target the cells that have been infected and transformed by reactivating 

their intrinsic and extrinsic apoptotic pathways and regaining cell cycle control. Such 

promising avenues could potentially augment the effectiveness of current modalities 

while reducing toxicity and morbidities. 

7. HPV Detection and Screening Tools 

The majority of head and neck carcinomas are discovered at late stages of tumor 

progression, arguing for the need of a reliable detection tool that is clinically relevant to 

facilitate early detection of HNSCC (Adams et al., 2014; Dreyer et al., 2013). Considering 

factors of age, stage of disease, and tobacco smoking status in these cancer patients, the 

most significant prognostic indicator of survival found to date is HPV status  (Ang et al., 
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2010; Dalianis, 2014a; Elrefaey et al., 2014; Friedman et al., 2014; George, 2014; Machiels 

et al., 2014; Modur et al., 2015; Ramshankar & Krishnamurthy, 2013; Vermeer et al., 

2013). It is estimated that HPV affects approximately 70% of all carcinomas in the 

oropharynx and the oral cavity (Chaturvedi et al., 2011; D'Souza & Dempsey, 2011; 

Elrefaey et al., 2014; Haedicke & Iftner, 2013; Lui & Grandis, 2012; Mannarini et al., 2009; 

Nelke et al., 2013; Patel et al., 2015; Surucu et al., 2015). Moreover, since HPV-related 

OPSCC has a remarkably more favorable prognosis than does HPV-unrelated cancer 

(Haedicke & Iftner, 2013), establishing HPV status through an effective screening tool will 

offer significant advantages. 

In contrast to the case with cervical cancer, there are no reliable screening methods 

or routine check-ups equivalent to the Pap smear to detect early HPV neoplasia in the 

oral cavity (Adams et al., 2014; Haedicke & Iftner, 2013; Moore & Mehta, 2015; 

Wierzbicka et al., 2013). Moreover, since the infected tissue in the oral cavity normally 

arises in an inaccessible location, devising and implementing such a tool for regular 

diagnosis becomes challenging (Adams et al., 2014; Kreimer, 2014; Rettig et al., 2015), 

leaving it up to the patients to consistently monitor for symptoms such as continual sore 

throats, oral lesions, or swollen masses or glands (Adams et al., 2014; Moore & Mehta, 

2015). Unfortunately, these relatively mild and non-alarming manifestations tend to go 

unnoticed quite frequently, compounding the issue that most head and neck carcinomas 

are identified at later tumor stages by the time of diagnosis (Adams et al., 2014; Chai et 

al., 2015; Hsu et al., 2014; Inhestern et al., 2015; John et al., 2013). Consequently, finding 
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accurate and practical methods to assess the presence of HPV in the oral cavity is a high 

priority (Elrefaey et al., 2014). 

At this point, the technique(s) to be employed for determining the HPV status of head 

and neck cancers is controversial, due to variations in available methods in terms of cost, 

sensitivity, technicality, specificity, and reliability (Bishop, Lewis, Rocco, & Faquin, 2015; 

Bonilla-Velez et al., 2013; Bosch et al., 2013; Dreyer et al., 2013; Elrefaey et al., 2014; 

Jarboe, Hunt, & Layfield, 2012; Linxweiler et al., 2015; Ramshankar & Krishnamurthy, 

2013; Wierzbicka et al., 2013). Three common methods of detection are currently used: 

Polymerase Chain Reaction (PCR), in situ hybridization (ISH), and p16 

immunohistochemistry (IHC) (Elrefaey et al., 2014; Lorincz et al., 2015). In particular, the 

detection of the viral DNA, such as E6 or E7 sequences (Dictor & Warenholt, 2011; Weiss, 

Heinkele, & Rudack, 2015) through PCR or ISH has been a very common practice (Boscolo-

Rizzo et al., 2013; Melkane et al., 2014; Wittekindt, Wagner, & Klussmann, 2011). PCR is 

highly sensitive, detecting as little viral DNA as 0.001 copy per genome from tumor 

samples, plasma or salivary collections (Ahn et al., 2014; Bonilla-Velez et al., 2013). It can 

also assess the viral load (Jarboe et al., 2012) and identify the viral subtype by probing for 

the L1 region of the HPV genome (Bonilla-Velez et al., 2013; Boscolo-Rizzo et al., 2013; 

Jarboe et al., 2012; Kelesidis et al., 2011; Weiss et al., 2015). A disadvantage of focusing 

on the L1 region is that this region can be compromised or deleted following integration 

into the host genome (Kimple, Torres, Yang, & Kimple, 2012; Weiss et al., 2015), thereby 

leading to underestimates of the presence or the viral load of HPV (Gillison et al., 2000). 

Furthermore, since PCR detects a region of the viral genome indiscriminately of whether 
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it is in the integrated or episomal form, this method does not have the ability to determine 

the physical status of the virus nor its activity, which are essential in assessing tumor 

development (Bonilla-Velez et al., 2013; Melkane et al., 2014; Weiss et al., 2015). 

Additionally, this method is rather expensive and is therefore only utilized in select 

laboratory centers (Bonilla-Velez et al., 2013; Duncan et al., 2013). On the other hand, ISH 

is highly specific in detecting viral integration status and transcriptional activity (Bonilla-

Velez et al., 2013; Boscolo-Rizzo et al., 2013; Melkane et al., 2014). It utilizes a fluorescent-

labeled probe to localize and visualize the HPV DNA in the host genome of the tumor 

dissection (Jarboe et al., 2012; Weiss et al., 2015). Diffuse signals indicate the presence of 

episomal HPV, while punctate signals represent the integrated forms (Smeets et al., 

2007). Nevertheless, since ISH does not amplify the viral genome, this method is not as 

sensitive (Weiss et al., 2015) or as fast as PCR. However, the procedure can be automated 

and has become available in certain clinical laboratories (Bonilla-Velez et al., 2013; Jarboe 

et al., 2012). 

The detection of HPV E6/E7 mRNA is the “gold standard” validation of active HPV 

oncoprotein transcription, and is considered clinically applicable in the evaluation of 

carcinogenesis (Bishop et al., 2012; Boscolo-Rizzo et al., 2013; Dreyer et al., 2013; 

Melkane et al., 2014). Since mRNA is very fragile and easily degraded, fresh or rapidly 

frozen samples are required for this approach (Boscolo-Rizzo et al., 2013; Melkane et al., 

2014). While the detection of mRNA through reverse-transcriptase PCR or RT-PCR is 

technically challenging and perceived as inappropriate for routine screening (Boscolo-

Rizzo et al., 2013), the novel ISH assay, RNAscope, has been met with great interest and 
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found to be perhaps the most promising of available methods (Bishop et al., 2012; 

Melkane et al., 2014). 

Another major alternative for detecting the virus is the IHC of the CDK inhibitor p16, 

a transcript encoded by the CDKN2A gene (Boscolo-Rizzo et al., 2013; Lorincz et al., 2015; 

Weiss et al., 2015). This technique has become popular due to its high sensitivity (Bonilla-

Velez et al., 2013), technical ease, swiftness, practicality (Blitzer et al., 2014; Bonilla-Velez 

et al., 2013; Duncan et al., 2013; Melkane et al., 2014), inexpensiveness (Blitzer et al., 

2014; Bonilla-Velez et al., 2013; Duncan et al., 2013; Melkane et al., 2014), and adequate 

consistency with PCR and ISH (Bonilla-Velez et al., 2013). p16 is considered a suitable 

surrogate marker of HPV infection (Boscolo-Rizzo et al., 2013; Ramshankar & 

Krishnamurthy, 2013), and is biologically relevant because its overexpression corresponds 

closely to the transformation of infected cells (Adams et al., 2014; Weiss et al., 2015). p16 

becomes up-regulated when E2F is released from the E2F-pRb complex after pRb is 

degraded by E7 (Adams et al., 2014; Blitzer et al., 2014; Boscolo-Rizzo et al., 2013; Fertig 

et al., 2013; Ramshankar & Krishnamurthy, 2013). This method of detection is the most 

widespread across multiple clinical centers (Blitzer et al., 2014; Melkane et al., 2014). It 

should, however, be noted that not all tumors that test positive for p16 contain HPV 

(Blitzer et al., 2014). Across various tests, HPV infection has not been identified in 

approximately 10%–20% of p16+ head and neck carcinomas (Blitzer et al., 2014; Melkane 

et al., 2014). Since the practice, interpretation, and reporting of p16 IHC differ, in some 

cases its prognostic diagnosis can be misinformative and hence unreliable as a stand-
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alone method (Bonilla-Velez et al., 2013; Boscolo-Rizzo et al., 2013; Elrefaey et al., 2014; 

Melkane et al., 2014). 

Many investigators propose that using RT-PCR to detect the presence of E6/E7 mRNA 

may be suitable as a gold standard for fresh samples, since the expression of these two 

oncogenes is characteristic of a functional HPV infection and cell transformation (Arbyn 

et al., 2012; Boscolo-Rizzo et al., 2013; Dalianis, 2014a; Dreyer et al., 2013). However, this 

method requires further examination (Melkane et al., 2014). According to one study, the 

employment of HPV-PCR or p16 IHC alone is not very reliable or clinically adequate 

(Fonmarty et al., 2015); notwithstanding, Dalianis et al. reported that a HPV DNA test such 

as PCR in addition to an evaluation of p16 overexpression through IHC is regarded as 

“specific and sensitive as utilizing a gold standard” (Arbyn et al., 2012; Boscolo-Rizzo et 

al., 2013; Dalianis, 2014a; Shi et al., 2009; Smeets et al., 2007). Yet another panel of 

experts has suggested a “cost-efficient” stepwise algorithm to reliably determine HPV 

infections, which includes an initial testing of p16 through IHC followed by an HPV ISH to 

confirm the IHC results (Bonilla-Velez et al., 2013; Melkane et al., 2014). If the tests 

provide conflicting results, a PCR or an ISH probe for specific HPV types can be utilized 

(Bonilla-Velez et al., 2013). This sequence of methods is thought to provide the highest 

specificity for determining HPV status (Melkane et al., 2014; Ramshankar & 

Krishnamurthy, 2013). Others have suggested variations of these detection methods and 

proposed a variety of combinations (Boscolo-Rizzo et al., 2013; Linxweiler et al., 2015; 

Melkane et al., 2014). In order to standardize the detection methods in clinical settings 

and to design reliable clinical research, a unanimous agreement on the most reliable 
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detection tool(s) for HPV status is required and requisite (Bonilla-Velez et al., 2013; Dreyer 

et al., 2013). 

8. Prophylactic Vaccines 

A steep upward shift in the incidence of HPV-derived HNSCC demands a search for a 

vaccine that can avert the infection of oral HPV before an opportunity to develop a 

malignant lesion arises, especially considering the lack of a reliable routine screening tool 

for those at risk of oropharyngeal SCC (Adams et al., 2014; Chaturvedi et al., 2011). Past 

vaccines have been effective at immunizing against viruses such as influenza and varicella, 

and such prototypes should help in the development of prophylactics against oral HPV 

infection (Adams et al., 2014). 

Preventive vaccines against HPV in the cervix have been developed and have become 

available to the public within the past decade (Boscolo-Rizzo et al., 2013). The first 

prophylactic vaccine to be approved was Gardasil, a quadrivalent vaccine that prevents 

infection from high-risk HPV types 16 and 18 as well as the low-risk HPV types 6 and 11 

(Adams et al., 2014; Best et al., 2012). Cervarix has been developed as a bivalent vaccine 

that immunizes against HPV types 16 and 18 (Adams et al., 2014; Best et al., 2012). Both 

prophylaxes encompass the predominant high-risk HPV types that are found in cervical 

malignancy, whereas the quadrivalent vaccine also targets genital warts and contains in 

addition the two most prevalent non-oncogenic viral types (Adams et al., 2014; Bonilla-

Velez et al., 2013). Despite the fact that Cervarix excludes the low-risk HPV types, a study 

that compares both prophylaxes indicated that Cervarix is able to produce a stronger 

antibody response than Gardasil against the two oncogenic HPV types (Best et al., 2012). 
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Phase III trials of these vaccines established efficacy and safety in the protection against 

anogenital HPV infections, lesions, and warts, but these prophylaxes have not been 

certified for the immunization of HPV infection in the head and neck region (Adams et al., 

2014; Boscolo-Rizzo et al., 2013). Notwithstanding, there is great potential that the 

current HPV vaccination will prevent oral HPV infection (Boscolo-Rizzo et al., 2013; 

Dalianis, 2014a). A trial that was originally intended to examine the efficacy of the HPV 

vaccine in cervical infections has collected oral rinses that showed encouraging results of 

the vaccine’s effectiveness in obviating HPV infection from the oral cavity (Kreimer, 2014; 

Moore & Mehta, 2015; Osazuwa-Peters et al., 2015; Rettig et al., 2015). 

In contrast to the large diversity of high-risk HPV types observed in cervical carcinoma 

(Adams et al., 2014), HPV types 16 and 18 constitute over 95% of HPV-positive tonsillar 

and oropharyngeal cancers (Dalianis, 2014a; Haedicke & Iftner, 2013; Osazuwa-Peters et 

al., 2015). Hence, the current prophylactic vaccines can be highly effective at preventing 

HPV-derived HNSCC, since they encompass the primary HPV types that are causal of 

OPSCC (Adams et al., 2014). Moreover, although clinical evidence supporting their 

efficacy in the prevention of head and neck cancers is not yet documented (Boscolo-Rizzo 

et al., 2013; Haedicke & Iftner, 2013), these vaccines have demonstrated that they can 

induce a systemic robust humoral response against the oncogenic HPV types 16 and 18, 

and hence should in principle be efficacious against oral infections (Adams et al., 2014; 

Boscolo-Rizzo et al., 2013; Ramshankar & Krishnamurthy, 2013). Ongoing clinical trials are 

currently assessing the effectiveness of the quadrivalent HPV vaccine against HPV 

infection in the oral cavity (Mannarini et al., 2009). The effect of these prophylactic HPV 
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vaccines on oropharyngeal HPV infection and HPV-derived head and neck cancer will be 

clearer once further results are obtained (Best et al., 2012; Haedicke & Iftner, 2013; Rettig 

et al., 2015). 

9. Therapeutic Vaccines 

Therapeutic vaccines for HPV-driven malignancies are currently undergoing clinical 

investigations (Psyrri et al., 2012; Ramshankar & Krishnamurthy, 2013). Unlike the previously 

described prophylactic vaccines, which offer no protection against individuals already 

infected with HPV (Cherry et al., 2013; D'Abramo & Archambault, 2011; Devaraj et al., 

2003; Elrefaey et al., 2014; Haedicke & Iftner, 2013), therapeutic vaccines are intended to 

treat the individual by eliciting a cell-mediated response that can recognize and attack an 

established dysplasia or persistent infection (S. Kumar et al., 2015; Mannarini et al., 2009; 

Psyrri et al., 2012). Moreover, in contrast to prophylactic vaccines, which incite an 

antibody-mediated humoral response to clear the virus and to prevent access to the 

squamous epithelium, therapeutic vaccines must activate the T cell-mediated immune 

system to destroy the existing HPV-infected cells and prevent them from developing into 

carcinomas (Best et al., 2012; Lin et al., 2010; Ma et al., 2012). This can be challenging for 

immunocompromised patients because of their weakened immune system; hence, these 

vaccines are anticipated to be most effective in immunocompetent individuals. 

In the design and development of therapeutic vaccines, HPV-16 E6 and E7 

oncoproteins have become popular viral targets since they are consistently expressed in 

HPV malignancies and are critical for transformation (Devaraj et al., 2003; Grasso et al., 

2013; S. Kumar et al., 2015; Ma et al., 2012; Monie et al., 2009; Psyrri et al., 2012; Stern 
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et al., 2012). Moreover, in contrast to tumorigenic antigens derived from mutated or 

overexpressed self-proteins, viral E6 and E7 are entirely foreign proteins, which express 

numerous antigenic epitopes and thus contribute toward an enhanced immune response 

(Devaraj et al., 2003; Monie et al., 2009; Psyrri et al., 2012). More importantly, only the 

infected cells will express these viral proteins, making them ideal targets for therapy of 

HPV-derived cancers (Ma et al., 2012; Psyrri et al., 2012). A majority of clinical trials for 

therapeutic vaccines are in their early phase and have focused on feasibility, 

immunogenicity, and safety (Almajhdi et al., 2014; Ramshankar & Krishnamurthy, 2013). 

Multiple vaccines are currently being explored as potential therapeutic strategies 

including DNA vaccines, peptide and protein vaccines, cell-based vaccines, as well as 

bacterial and viral live vector vaccines (Devaraj et al., 2003; Grasso et al., 2013; S. Kumar 

et al., 2015; Ma et al., 2012; Psyrri et al., 2012; Ramshankar & Krishnamurthy, 2013). 

Due to their safety, ease of production, purity and stability, DNA vaccines have 

become attractive therapeutic candidates for HPV-associated HNSCC (Devaraj et al., 

2003; S. Kumar et al., 2015; Lin et al., 2010; Ma et al., 2012; Monie et al., 2009; Psyrri et 

al., 2012). DNA vaccines introduce plasmid DNA into the host and promote its 

transcription and immune presentation of the encoded HPV proteins by the transfected 

cells (S. Kumar et al., 2015; Ma et al., 2012; Monie et al., 2009). This MHC presentation 

elicits T cell-mediated and/or antibody-mediated responses that attack the encoded 

antigen (S. Kumar et al., 2015; Ma et al., 2012; Monie et al., 2009). However, DNA vaccines 

can have low immunogenicity because they lack the ability to spread the DNA from the 

transfected cells and amplify it in the neighboring cells (Lin et al., 2010; Monie et al., 
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2009). Despite such limitations, significant results from the therapeutic HPV DNA vaccine 

studies have progressed to various clinical investigations (Monie et al., 2009). For 

example, a phase I trial at Johns Hopkins University is evaluating a DNA vaccine targeting 

HPV-16 E7 antigens in patients with advanced HPV-16-positive OPSCC (Mirghani et al., 

2015; Monie et al., 2009; Psyrri et al., 2012). This vaccine encodes for HPV-16 E7 fused to 

the immuno-modulatory agent calreticulin, a protein that can stimulate natural killer T 

cells and enhance MHC class I antigen presentation (Grasso et al., 2013; Mirghani et al., 

2015; Monie et al., 2009; Psyrri et al., 2012). 

In contrast, peptide vaccines are taken up by antigen presenting cells (APC) directly 

without the need for encoding and are loaded onto MHC molecules for antigenic 

presentation (S. Kumar et al., 2015; Psyrri et al., 2012). This leads to activation of an 

antigen specific T cell response and putative elimination of infected cells (S. Kumar et al., 

2015). Peptide vaccines are safe, stable, and easily prepared, but have poor 

immunogenicity (S. Kumar et al., 2015; Lin et al., 2010; Monie et al., 2009). Some 

adjuvants used to circumvent the low immunogenicity include costimulatory molecules, 

cytokines, chemokines, and Toll-like receptor (TLR) ligands (Lin et al., 2010; Monie et al., 

2009). Specific examples include calreticulin, Montanide ISA-51, and GM-CSF, (Elrefaey et 

al., 2014; Grasso et al., 2013; Lin et al., 2010; Psyrri et al., 2012). Another disadvantage 

with respect to peptide vaccines is that they are MHC restricted, which limits their 

widespread use (Lin et al., 2010; Monie et al., 2009). However, this restriction can be 

overcome by the use of overlapping long peptides that harbor several epitopes of the 

antigen (Lin et al., 2010). One study has devised an HPV peptide vaccine composed of 
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synthetic long overlapping peptides that encompass the E6 and E7 oncoproteins of HPV 

type 16 (Best et al., 2012; Lin et al., 2010; Stern et al., 2012). Additionally, a phase II clinical 

trial of this peptide vaccine with the adjuvant Montanide ISA-51 resulted in the mounting 

of a complete vaccine-induced immunologic response (Best et al., 2012; Lin et al., 2010; 

Stern et al., 2012). 

Protein vaccines are similar to peptide vaccines in many ways, but they can bypass 

MHC restriction since the protein contains a variety of antigenic epitopes (Lin et al., 2010; 

Ma et al., 2012). Additionally, protein vaccines are loaded onto MHC class II molecules, 

creating primarily a humoral response instead of a cell-mediated response (Lin et al., 

2010; Ma et al., 2012). A phase II trial of the HspE7 protein-based vaccine, which is a 

chimeric protein composed of HPV-16 E7 and a Bacille Calmette-Guerin (BCG) heat shock 

protein (Hsp65), yielded modest results (S. Kumar et al., 2015; Ma et al., 2012). TA-CIN, a 

fusion protein composed of HPV-16 E6, E7, and L2, represents advancement in the field 

of HPV vaccination because it combines therapeutic as well as prophylactic vaccines. This 

protein-based vaccine has progressed to clinical trial (Lin et al., 2010; Stern et al., 2012). 

The cell-based vaccine technique entails the pulsing of dendritic cells (DC) with an 

antigen (S. Kumar et al., 2015; Monie et al., 2009), allowing for the presentation of 

epitopes, such as those derived from HPV E7, in association with MHC molecules, and is 

capable of eliciting a high immunologic response (S. Kumar et al., 2015; Lin et al., 2010). 

A phase I study has shown the approach to be safe and immunogenic, and a phase II trial 

is underway (S. Kumar et al., 2015). However, the production of this vaccine is lengthy, 

taxing, and expensive (Lin et al., 2010; Monie et al., 2009) due to the need to isolate 
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immature dendritic cells from the patient, transfect or pulse the autologous DCs with the 

specific antigen, allow the DCs to mature, and expand the DCs ex vivo before injecting 

them back into the patient (Lin et al., 2010; Ma et al., 2012). 

A live vector, consisting of either a bacteria or a virus, can be employed to deliver 

antigens such as those found in the E6 and E7 oncoproteins to the host APCs in order to 

enhance antigen presentation and the induction of a cell-mediated response (S. Kumar et 

al., 2015; Lin et al., 2010; Ma et al., 2012). These vectors generate a strong immune 

response by facilitating the spread and expansion of oncoproteins (S. Kumar et al., 2015; 

Lin et al., 2010; Ma et al., 2012). However, the disadvantage is that these live vectors 

could incite an immune response against the vector itself since it is intrinsically 

pathogenic and foreign to the host (S. Kumar et al., 2015). A bacterial vector-based 

vaccine composed of a genetically modified strain of Listeria monocytogenes fused to E7 

has shown the ability to cause regression of solid tumors and has progressed to phase I 

clinical studies in oropharyngeal cancer patients (S. Kumar et al., 2015; Lin et al., 2010; 

Ma et al., 2012; Mirghani et al., 2015). Another group designed a vector vaccine using an 

integrase defective lentiviral vector (IDLV) to deliver a HPV-16 E7 protein fused to 

calreticulin (Elrefaey et al., 2014; Grasso et al., 2013; Lin et al., 2010). A preclinical study 

revealed that a single intramuscular injection eradicated 90% of early stage tumors 

(Elrefaey et al., 2014; Grasso et al., 2013). These encouraging outcomes along with 

emerging therapeutic vaccine trials may imply that an immunotherapeutic vaccine for 

immunocompetent patients shows a promising future (Elrefaey et al., 2014; Grasso et al., 

2013). 
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10. Targeted Therapies Directed against Growth Factor Receptors 

Current treatment for HNSCC patients is confined to standard therapies, such as 

irradiation, surgery, and chemotherapy (Fumagalli et al., 2015; Martinez-Useros & Garcia-

Foncillas, 2015); and despite continued advances in these classic clinical modalities, 

survival rates remains comparable and many patients experience long-term side effects 

(Adams et al., 2014; Dorsey & Agulnik, 2013; Fumagalli et al., 2015; Inhestern et al., 2015). 

Consequently, advancements in molecular research have made the identification of 

targeted therapies an attractive therapeutic approach due to its purported reduced 

toxicity and improved efficacy (Adams et al., 2014; Dorsey & Agulnik, 2013). 

We have come a long way in understanding the molecular biology of head and neck 

cancer over the past few decades (Purohit et al., 2013). Interestingly, the EGFR has been 

shown to be frequently elevated in over 90% of HNSCC patients (Burtness et al., 2014; 

Dorsey & Agulnik, 2013; Elrefaey et al., 2014; B. Kumar et al., 2007; Machiels et al., 2014; 

Martinez-Useros & Garcia-Foncillas, 2015). EGFR contributes to the pathogenesis of 

HNSCC such that its overexpression is closely related to low survival, distant metastases, 

and radioresistance (Burtness et al., 2014; Dorsey & Agulnik, 2013; B. Kumar et al., 2007; 

Langer, 2012; Machiels et al., 2014; Martinez-Useros & Garcia-Foncillas, 2015). Studies 

have indicated that low EGFR levels in HPV-positive tumors were correlated with 

favorable therapeutic outcomes, while high EGFR levels were associated with poor 

survival (Dorsey & Agulnik, 2013; Fumagalli et al., 2015; B. Kumar et al., 2007; B. Kumar 

et al., 2008; Mannarini et al., 2009). 
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The role of EGFR is to transmit signals to intracellular pathways that regulate a host 

of cellular activities including proliferation, cell cycle progression, apoptosis, migration, 

metastasis, differentiation and angiogenesis (Fumagalli et al., 2015; B. Kumar et al., 2008; 

Langer, 2012; Psyrri et al., 2013). Among the mechanisms attributed to overexpression of 

EGFR are deregulation of TP53 and amplification of EGFR (Martinez-Useros & Garcia-

Foncillas, 2015). Thus, this extracellular domain has been an attractive and prominent 

therapeutic target for treatment intervention (Fumagalli et al., 2015). Several agents 

directed against EGFR have been produced, of which monoclonal antibodies (mAb) and 

small tyrosine kinase inhibitors (TKIs) have been shown to be the most effective (Dorsey 

& Agulnik, 2013; Purohit et al., 2013). The mAbs bind to the extracellular binding domain 

of this receptor, while TKI’s bind to the cytoplasmic side of EGFR and influence 

downstream molecular pathways (Elrefaey et al., 2014; Psyrri et al., 2013; Purohit et al., 

2013; Zhang et al., 2014). 

Cetuximab is a recombinant chimeric immunoglobulin (Ig)G mAb, specifically 

targeting the extracellular domain of EGFR (Dorsey & Agulnik, 2013; Elrefaey et al., 2014; 

Fumagalli et al., 2015; Psyrri et al., 2013). This mAb has been the most extensively studied 

of the anti-EGFR antibodies (Dorsey & Agulnik, 2013) and is the first and only targeted 

therapy approved for head and neck carcinoma (Bonilla-Velez et al., 2013; Burtness et al., 

2014; Psyrri et al., 2013; Purohit et al., 2013; Sepiashvili et al., 2015). Food and Drug 

Administration (FDA) approval of cetuximab (Erbitux, Merck; Darmstadt, Germany) was 

established in 2006 after a phase III randomized study yielded remarkable results in the 

overall survival of HNSCC patients when cetuximab was used in conjunction with 
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radiotherapy (a survival of 45.6% vs. 36.4% for radiotherapy alone) (Adams et al., 2014; 

Bonilla-Velez et al., 2013; Bonner et al., 2006; Fumagalli et al., 2015; Machiels et al., 2014; 

Martinez-Useros & Garcia-Foncillas, 2015; Psyrri et al., 2013). Therefore, cetuximab is 

recommended for the treatment of locally advanced HNSCC in combination with radiation 

and in recurrent/metastatic disease either as a monotherapy or in conjunction with 

platinum-based chemotherapy and 5-fluorouracil (Adams et al., 2014; Burtness et al., 

2014; Dorsey & Agulnik, 2013; Martinez-Useros & Garcia-Foncillas, 2015; Psyrri et al., 

2012; Psyrri et al., 2013). Several clinical trials are active including the Radiation Therapy 

Oncology Group (RTOG1016) trial, which compares cetuximab to cisplatin along with 

radiation in locally advanced disease (Adams et al., 2014; Blitzer et al., 2014; Bonilla-Velez 

et al., 2013; Langer, 2012; Laskar & Swain, 2015; Psyrri et al., 2012; Psyrri et al., 2013). 

This study will determine whether the less toxic cetuximab can replace cisplatin as part 

of a de-intensification protocol in HPV-derived HNSCC (Blitzer et al., 2014; Psyrri et al., 

2013). 

Other fully humanized IgG anti-EGFR antibodies under consideration include 

zalutumumab (HuMax-EGFr, Genmab, Copenhagen, Denmark) and panitumumab 

(Vectibix, Amgen; Thousand Oaks, CA, USA), and these are being investigated in phase II 

and III studies (Blitzer et al., 2014; Elrefaey et al., 2014; Martinez-Useros & Garcia-

Foncillas, 2015; Psyrri et al., 2012; Psyrri et al., 2013). A  phase II trial on nimotuzumab 

(YM Biosciences; Ontario, Canada), a recombinant humanized mAb, has demonstrated 

remarkable outcomes (Martinez-Useros & Garcia-Foncillas, 2015; Purohit et al., 2013). 
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These antibodies could potentially be used as substitutes for cetuximab (Elrefaey et al., 

2014). 

EGFR TKIs have also demonstrated some clinical activity in HNSCC but without as 

much success as seen with the mAbs (Psyrri et al., 2013; Zhang et al., 2014). The small 

molecule TKIs gefitinib and erlotinib showed no efficacy in recurring and metastasizing 

tumors (Psyrri et al., 2013; Purohit et al., 2013). A phase II trial of gefitinib on recurrent 

or metastatic head and neck cancer produced a low response rate (Psyrri et al., 2013), 

and ECOG-E1302, a phase III randomized study, evaluated gefitinib in addition to 

docetaxel in recurrent or metastatic head and neck cancer but was terminated before its 

completion (Psyrri et al., 2013). Despite these disappointments, other EGFR targets have 

yielded some early encouraging results (Urban et al., 2014). Lapatinib, a dual reversible 

tyrosine kinase inhibitor of EGFR/HER2, is in a phase III trial assessing its efficacy in the 

maintenance of treatment (Burtness et al., 2014; Fumagalli et al., 2015). Afatinib, also 

known as BIBW2992, is an irreversible dual tyrosine kinase inhibitor of EGFR/HER2 

(Burtness et al., 2014; Psyrri et al., 2013). A randomized phase II trial is comparing 

cetuximab to afatinib in patients with recurrent or metastatic HNSCC where cisplatin has 

been unsuccessful (Burtness et al., 2014; Psyrri et al., 2013). 

EGFR is involved in downstream intracellular pathways such as the PI3K/Akt/mTOR 

pathway. Alterations in the phosphoinositide 3-kinase (PI3K) pathway have been found in 

patients with head and neck cancers and appear even more predominately in patients 

with HPV-derived tumors (M. Lechner et al., 2013; Urban et al., 2014; Zhang et al., 2014). 

These alterations may contribute to tumor resistance to anti-EGFR therapy (Urban et al., 
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2014). Hence, targeting PI3K is a reasonable strategy for OPSCC treatment, and trials in 

phases I and II are in progress (Urban et al., 2014). Research on the mammalian target of 

rapamycin (mTOR) inhibitors rapamycin, everolimus, and temsirolimus have shown mTOR 

suppression and delayed tumor advancement (Aderhold et al., 2015; Coppock et al., 2013; 

Dorsey & Agulnik, 2013). Additionally, rapamycin has been revealed to synergize with 

platinum-based chemotherapy in the eradication of OPSCC (Coppock et al., 2013). There 

are numerous trials in progress of mTOR inhibitors concomitant with different 

therapeutic modalities for head and neck carcinoma (Coppock et al., 2013). 

Vascular endothelial growth factor (VEGF) is another type of growth factor and is 

considered one of the most critical angiogenic cytokines in tumor vasculogenesis (Dorsey 

& Agulnik, 2013; Hsu et al., 2014). Target agents have been developed to block its 

receptor, VEGFR. Bevacizumab is a monoclonal antibody against VEGFR that is being 

explored in conjunction to other anti-EGFR therapies (Argiris et al., 2013; Dorsey & 

Agulnik, 2013; Hsu et al., 2014). Sorafenib and sunitinib are tyrosine kinase inhibitors 

directed against VEGFR that have revealed notable therapeutic results in different human 

cancer cells with tolerable toxicity, and are showing encouraging results in OPSCC 

(Aderhold et al., 2013; Aderhold et al., 2015). 

11. Targeted Therapies Directed against HPV Oncoproteins 

Determining the molecular differences between HPV-dependent and HPV-

independent head and neck cancers will be crucial in the discovery of therapeutic targets 

specific for HPV-dependent malignancies (Adams et al., 2014). Various investigations have 

indicated that the HPV oncogenes E6 and E7 or their substrates may be efficacious anti-



 47 

cancer targets (Griffin et al., 2006; Lui & Grandis, 2012). However, approaches targeting 

the oncogenes have only reached very early phases of development, in contrast to the 

late-phase developments attained by agents targeting growth factor receptors (Duenas-

Gonzalez, Cetina, Coronel, & Cervantes-Madrid, 2012). Therapeutic agents targeting the 

viral oncoproteins include synthetic peptides (Zhao, Szekely, Bao, & Selivanova, 2010), 

RNA aptamers (Nicol et al., 2013; Stanley, 2012), ribozymes (Stanley, 2012; Zhao et al., 

2010), transcription factors (Malecka et al., 2014), intrabodies (Malecka et al., 2014), anti-

sense oligonucleotides (Malecka et al., 2014; Stanley, 2012), small interfering RNA (siRNA) 

(Caicedo-Granados et al., 2014; Stanley, 2012; Zhao et al., 2010), and small molecule 

inhibitors (Zhao et al., 2010). Because small molecule inhibitors can be easily delivered 

and absorbed by tumor cells (Zhao et al., 2010) and since they are flexible for medical use 

(Smukste, Bhalala, Persico, & Stockwell, 2006), they have gradually surfaced as a 

treatment option with notable efficacy and low toxicity (Figure 1) (Caicedo-Granados et 

al., 2014). 
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Figure 1. Involvement of small molecule inhibitors on cellular pathways affected 
by the E6 and E7 HPV oncoproteins. 

The interaction between E6 and E6AP represents an attractive antiviral target, as 

agents that target this interaction may be able to inhibit the degradation of p53 and 

sensitize cells to agents that induce apoptosis (Caicedo-Granados et al., 2014; D'Abramo 

& Archambault, 2011; Stanley, 2012; Stern et al., 2012). One study has identified small 

molecules that bind to the oncoprotein E6 with great affinity (Cherry et al., 2013). In this 

study, the novel flavone CAF-24 and the naturally occurring flavonoid luteolin were shown 

to inhibit the E6-E6AP interaction by binding to the hydrophobic site between these two 

proteins (Cherry et al., 2013). This strategy inhibits the oncoproteins from binding to their 

cellular partners, thus inhibiting their oncogenic activities (Cherry et al., 2013; Malecka et 

al., 2014). Preventing the binding of E6AP and thus the degradation of p53 can reactivate 
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the apoptotic pathways, enhancing the outcome of available therapies (Caicedo-

Granados et al., 2014; Cherry et al., 2013; Cho et al., 2000). 

A small molecule that has been widely studied in multiple types of cancer is the p53 

protector, RITA (Reactivation of p53 and Induction of Tumor cell Apoptosis) (Issaeva et 

al., 2004; Zhao et al., 2010). This molecule targets p53 by changing its conformation and 

protecting it from binding to molecules such as E6AP and E6 that facilitate ubiquitination 

(D'Abramo & Archambault, 2011; Stanley, 2012; Zhao et al., 2010). In this way, p53 is 

rescued and the apoptotic pathway reactivated, leading to the loss of tumor cells (Zhao 

et al., 2010). 

A similar approach is taken by the non-peptide small molecule compound Nutlin-3A, 

an imidazoline analog and potent MDM2 antagonist. Nutlin causes substantial cell death 

in a variety of wild-type p53 expressing cell lines (Caicedo-Granados et al., 2014); 

however, its activity appears to be moderate as compared to RITA (Zhao et al., 2010). 

Another promising molecule that reactivates the wild-type p53 is Minnelide, a triptolide 

analog, which has shown to induce apoptosis in HPV-positive HNSCC tumors in vitro as 

well as in vivo (Caicedo-Granados et al., 2014). CH1iB is a novel small molecule that also 

reactivates p53 function by inhibiting E6 from binding to p300 and thereby allowing p300 

to acetylate p53 (Xie et al., 2014). This acetylation increases p53 stability and 

transcriptional activity, prompting the active p53 tumor suppressor pathway to induce 

apoptosis when cells are treated with chemotherapeutic agents (Xie et al., 2014). A 

preclinical study of Obatoclax, a small molecule antagonist of the Bcl-2 family (B-cell 

lymphoma 2 (Bcl-2) is a downstream substrate of E6 that is associated with resistance to 
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treatment (B. Kumar et al., 2008)), indicates some therapeutic value in the treatment of 

oropharyngeal carcinoma (Yazbeck, Li, Grandis, Zang, & Johnson, 2014). 

Another attractive target is the interaction of E6 and caspase 8, a protein involved in 

the extrinsic apoptotic pathway (Yuan, Filippova, Tungteakkhun, Duerksen-Hughes, & 

Krstenansky, 2012). The extrinsic apoptotic pathway can be activated by several TNF-

family ligands including TNF-related apoptosis-inducing ligand (TRAIL). TRAIL can initiate 

apoptosis in tumor cells with expression of TRAIL-specific receptors, namely DR4 and DR5 

(Garnett, Filippova, & Duerksen-Hughes, 2007), and TRAIL-therapy is considered a 

promising anti-tumor approach. Binding of ligands to the receptor activates the apoptotic 

cascade, which starts with the formation of the death-inducing signaling complex (DISC) 

complex composed, in many instances, of the receptor, FADD and the initiator caspase, 

procaspase 8. The assemblage of this complex results in cleavage and activation of 

procaspase 8. E6 interferes with this process by binding to procaspase 8 and FADD, 

accelerating their degradation and preventing the successful completion of the apoptotic 

cascade (Filippova et al., 2007; Filippova et al., 2004; Tungteakkhun et al., 2010; 

Tungteakkhun et al., 2008).    If therapeutic agents such as small molecules could inhibit 

E6 from binding to procaspase 8 and FADD, it would restore the normal functioning of the 

apoptosis pathway. Proof of principle for this approach was demonstrated by the flavonol 

myricetin, which was able to prevent the binding of E6 to caspase 8, showing potential 

for reactivating the extrinsic apoptotic pathway (Yuan, Filippova, Tungteakkhun, et al., 

2012). Further studies on the identification, optimization and evaluation of small 

molecules of E6 inhibitors are currently underway. 
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Another strategy is to inhibit the interaction between E7 and pRb, thereby preventing 

E7 from inhibiting pRB’s ability to inhibit cell division. The small compound 

thiadiazolidinedione inhibits HPV-E7 from disrupting the pRb-E2F complex by blocking the 

E7-pRb interaction (Fera et al., 2012). Lastly, a small compound, namely nicandrenone, 

has demonstrated the ability to target the sites of both the E6-p53 and E7-pRb1 

interactions, thereby blocking the transformative activities of both viral oncoproteins 

(Shaikh, Sanehi, & Rawal, 2012). All the above strategies can lead to the development of 

efficient therapies against HPV-driven OPSCC and could be used in combination with 

current therapies to induce tumor cell death and reduce the undesirable side effects of 

current treatments. 

Research into small molecules useful for the treatment of HPV-dependent cancers is 

ongoing and encouraging. However, concepts developed during studies conducted on 

cervical cancer will have to be assimilated and translated to oropharyngeal carcinoma. 

Further developments in our understanding of the molecular biology underlying the 

development of HNSCC will be necessary to refine the efficacy of these early phase 

agents. 

12. Conclusions and Future Directions 

The current epidemic of HNSCC has sparked significant interest in the role of HPV in 

oncogenesis, and the emergence of HPV-positive head and neck cancer has shifted the 

demographic of HNSCC from an older population to a younger generation. Current 

treatments, which consist of transoral surgery, platinum-based chemotherapy, and 

intensity-modulated radiotherapy, are increasingly recognized as requiring 
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improvements. While advances in standard therapies have improved outcomes, the new 

group of younger patients is at high risk of morbidity and consequently a compromised 

quality of life. Therefore, the demand for major progress in the therapy and diagnosis of 

HPV-associated carcinoma remains current and compelling (Haedicke & Iftner, 2013). The 

better prognosis of HPV-related OPSCC has broached topics of de-escalation strategies 

(Hinni et al., 2015), leading to the emergence of various de-intensification trials for 

HNSCC. With this concern in mind, standardizing a screening method for HPV status would 

help in diagnosing and delivering appropriate treatments to this subpopulation. The 

commercially available HPV prophylactic vaccines have had a profound effect in the 

prevention of HPV infection in the context of cervical cancer, but their efficacy has not 

yet been proven in the context of HPV-dependent head and neck carcinomas. Ongoing 

trials are anticipated to address this issue. A preventive vaccine would mitigate the 

epidemic long-term, but will not address the more urgent issue of treating patients with 

existing HPV infections. Hence, the development of therapeutic vaccines has the potential 

to meet a pressing need for better treatments of HPV-associated tumors in 

immunocompetent OPSCC patients. Additionally, targeted therapies of growth factors 

potentially have a more widespread use, and they have progressed in clinical trials, 

though with mixed results and varying success. 

Several advances in biotherapy have led to the identification of a number of small 

molecular compounds with the potential for contributing to the development of less toxic 

treatments. The field of small molecular targeted therapy is in its infancy, but current 

findings are encouraging, advocating for the rapid progression of the field. The studies 
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presented above reveal the urgency of the burden and the impetus to identify better 

targets and antiviral therapies effective in attenuating the incidence of HPV infection and 

counteracting the growing epidemic of HPV-associated head and neck cancers (D'Abramo 

& Archambault, 2011). 
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1. Introduction 

High-risk types of human papillomaviruses (HPV) are responsible for 99% of 

cervical cancer cases, and 70% of head and neck (HN) cancer, as well as 65% of vaginal, 

penile, and vulvar cancer (Cavallo, 2021; Szymonowicz & Chen, 2020). While the 

prevalence of cervical cancer has gradually declined in the US in the last 30 years due to 

Pap smear screening and prevenove measures, the incidence of HPV+ HN cancers has 

steadily increased within the same period (Adams et al., 2014; Sabaoni & Chiocca, 2020). 

The frequency of HPV+ head and neck squamous cell carcinoma (HNSCC) have 

dramaocally increased more than two-fold in the last decades, affecong mostly young 

white males (Chaturvedi et al., 2013; Gillison et al., 2012; Gillison et al., 2014; McDonald, 

Qendri, Berkhof, de Melker, & Bogaards, 2017; Sabaoni & Chiocca, 2020). These numbers 

underscore the need to develop more targeted and anoviral treatments against HPV-

related cancers. 

With rising incidences in HNSCC, many efforts and measures to prevent and treat 

HPV cancers have been increasing. One noteworthy evidence of progress is the recent 

approval of Gardasil 9 in the prevenoon of oropharyngeal and head and neck carcinoma 

(Diana & Corica, 2021). The prophylacoc HPV vaccine can now prevent the development 

of cervical, vulvar, vaginal, anal, and oropharyngeal cancer by targeong high-risk HPV 

types 16, 18, 31, 33, 45, 52, 58, as well as genital warts caused by types low-risk types 6, 

and 11. Vaccines rely on a funcoonal immune system to elicit protecoon, and as great of 

a stride as they are in the prevenoon of HPV illnesses, they are not effecove intervenoons 
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for individuals already infected with HPV or for those suffering from immunodeficiencies 

(Reusser, Downing, Guidry, & Tyring, 2015).  

In terms of current therapeuoc opoons, surgical treatment is oren employed to 

cure cervical cancer in the early stages, but it is not always easy to use this approach in 

HN cancers or in laryngeal papillomatosis, due to the need to maintain the normal 

structure of the airway and to avoid pulmonary spread. Following surgical excision, 

however, HPV-associated cancers frequently return (Rein & Kurbacher, 2001), especially 

when diagnosed at later stages and/or when present in immunocompromised individuals 

(Reusser et al., 2015). Chemo- and radiotherapy are commonly administered in 

combinaoon or following a relapse and are based on the idea that they can damage DNA, 

which will trigger apoptooc death of the cancer cells. Unfortunately, these treatments also 

damage the DNA of normal cells, parocularly cells that divide rapidly such as those within 

the bone marrow, resulong in a weakening of the immune system. Hence, it may be 

difficult to pair these classical approaches even with some therapeuoc vaccines currently 

under development. Clearly, there remains a compelling and urgent need to develop more 

targeted and beter treatment opoons for paoents with head and neck cancer and other 

HPV-associated malignancies.  

Chemo- and radiotherapies that rely on the inducoon of apoptosis in tumor cells 

are relaovely ineffecove largely due to the HPV oncogene E6, which increases resistance 

by disrupong both the intrinsic and extrinsic apoptooc pathways (Figure 2). The first-

described and best-known target of HPV E6 is the tumor suppressor p53, an important 

mediator of intrinsic apoptooc pathways.  
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Figure 2 – Schematic of E6 targets in cellular apoptotic pathways. 
 

E6 proteins from high-risk HPV bind to E6AP, an E3 ubiquion ligase. Then, the E6/E6AP 

complex binds to the core domain of p53, and E6AP catalyzes the transfer of ubiquion to 

p53. The accelerated ubiquionaoon leads to its rapid proteasomal degradaoon, thereby 

increasing the survival and growth of the transformed cells (Huibregtse, Scheffner, & 

Howley, 1991; Scheffner, Huibregtse, Vierstra, & Howley, 1993; Scheffner et al., 1990). Our 

laboratory has discovered that HPV16 E6 also inhibits acovaoon of extrinsic apoptooc 

pathways, such as those triggered by tumor necrosis factor (TNF), Fas ligand and TRAIL. 

E6 subverts this pathway by binding to and inacovaong several molecules involved in 

these signaling complexes including caspase 8 (Filippova et al., 2007), FADD (Filippova et 

al., 2004), and TNF R1/TRAIL (Filippova, Song, Connolly, Dermody, & Duerksen-Hughes, 

2002). E6 can bind to the death effector domains (DEDs) of FADD and procaspase-8 and 
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accelerate their degradaoon (Filippova et al., 2009; Filippova et al., 2004; Garnet, 

Filippova, & Duerksen-Hughes, 2006; Tungteakkhun et al., 2010). The resulong lower 

amounts of FADD and procaspase 8 in E6-expressing cells then hinders formaoon of the 

apoptooc Death Inducing Signaling Complex (DISC) that would normally be triggered by 

members of the TNF superfamily, thereby compromising the ability of TNF, FasL and TRAIL 

to inioate apoptosis (Filippova, Brown-Bryan, Casiano, & Duerksen-Hughes, 2005; 

Filippova et al., 2004; Filippova et al., 2002; Garnet et al., 2006). As a result, engagement 

of either the extrinsic or the intrinsic apoptooc pathways fails to result in the transducoon 

of the intended death signal because the mediator molecules – p53 in the case of the 

intrinsic pathway, and caspase 8 and FADD in the case of the extrinsic pathway – are 

missing.  

Hence, in cases where therapies funcoon by acovaong apoptosis, including those 

based on TRAIL and cisplaon, they can become handicapped in their ability to effecovely 

treat HPV-associated malignancies. Our laboratory’s work over the past couple of decades, 

along with that of other labs, has implicated E6 as an excellent potenoal anoviral target 

for therapeuoc intervenoon since E6 specifically obstructs the apoptooc pathways (Yuan, 

Filippova, Krstenansky, & Duerksen-Hughes, 2016). Moreover, although E6 and E7 are 

both considered indispensable for transformaoon efficiency, E6 can, in some instances, 

immortalize cells in the absence of E7, indicaong that E6-dependent mechanisms 

underlying HPV-associated carcinogenesis are of vital importance (Band, De Caprio, 

Delmolino, Kulesa, & Sager, 1991; Wazer, Liu, Chu, Gao, & Band, 1995). Therefore, an 

approach based on inhibiong the ability of E6 to mediate the rapid degradaoon of its 
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cellular partners has the potenoal to re-sensioze HPV+ cells to inducers of apoptosis and 

could therefore make certain exisong cancer treatments more effecove for those suffering 

from HPV-associated malignancies.  

Since HPV-associated malignancies remain a significant clinical challenge, our 

approachpremise to address this shortcoming is by idenofying small molecules that can 

block E6 binding to its cellular partners so as to re-establish the ability of HPV+ cells to 

respond to apoptooc signals. Small molecules possess numerous advantages over 

pepodes or other biological molecules because they are more stable, penetrate target 

cells more easily, and can more readily be modified and opomized by organic chemists 

during drug development. Moreover, small molecules have already been used to inhibit 

important signal transducoon pathways involved in breast, colon, pancreaoc and lung 

cancer formaoon (Yi, Maksimoska, Marmorstein, & Kissil, 2010). Some progress has been 

made in idenofying small molecules that can interfere with E6 acovioes (Baleja et al., 2006; 

Beerheide et al., 1999; Beerheide, Sim, Tan, Bernard, & Ting, 2000; Cherry et al., 2013; 

Choulier et al., 2013; Malecka et al., 2014), but no studies have yet combined E6 inhibitors 

with apoptosis-inducing agents.  

Human TNF-related apoptosis inducing ligand (TRAIL) is a cytokine that induces 

cell death through the extrinsic apoptooc pathway. The C-terminal part of TRAIL is 

responsible for inducoon of apoptosis through binding to TRAIL receptors, while the N-

terminal encodes the transmembrane domain. TRAIL-based therapies have elicited 

significant interest mainly due to the ability to kill cancer cells while sparing most 

noncancerous cells (Ashkenazi et al., 1999; Garnet et al., 2006; Wiley et al., 1995). TRAIL 
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receptors 1 and 2 (TRAIL R1 and TRAIL R2, also known as DR4 and DR5, respecovely) are 

highly expressed on a large number of solid and hematologic cancers, making these 

tumors sensiove to apoptosis induced both by TRAIL itself and by anobodies to the 

receptor (Bellail, Qi, Mulligan, Chhabra, & Hao, 2009; Buchsbaum et al., 2003; 

Chuntharapai et al., 2001; Ichikawa et al., 2001; Tanaka, Sugimachi, Shirabe, Shimada, & 

Wands, 2000; Younes & Kadin, 2003). In addioon to the anocancer properoes, a growing 

body of evidence suggests that TRAIL may play an important role in host defense against 

viral infecoon. Notably, TRAIL is expressed on a variety of cells involved in host defense 

against viral infecoon including cytotoxic T cells (Jeremias, Herr, Boehler, & Debaon, 1998; 

Kayagaki et al., 1999), dendrioc cells (Fanger, Maliszewski, Schooley, & Griffith, 1999), 

monocytes/macrophages (Griffith et al., 1999), and natural killer (NK) cells (Sato et al., 

2001; Zamai et al., 1998). TRAIL-induced apoptosis is inioated by the binding of TRAIL to 

death receptor (DR4) (Pan, O'Rourke, et al., 1997), and/or death receptor 5 (DR5) (Pan, Ni, 

et al., 1997; Sheridan et al., 1997). TRAIL forms a homotrimer and associates with three 

receptor monomers (Mongkolsapaya et al., 1999). Homotypic, protein-protein 

interacoons between conserved death domains and death effector domains lead to the 

assembly of Fas-associated death domain (FADD) and procaspase(s) 8/10 molecules at the 

C-terminus of the receptors to form the death inducing signaling complex (DISC) (Kischkel 

et al., 2000; Sprick et al., 2000). Acovaoon of caspase(s) 8/10 at the DISC is then followed 

by the acovaoon of execuooner caspases, such as caspases 3 and 7, the cleavage of 

cellular substrates, and the loss of cell viability. However, TRAIL therapy has a major 
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limitaoon as a large number of cancers develop resistance toward TRAIL (de Miguel, 

Lemke, Anel, Walczak, & Maronez-Lostao, 2016) (Trivedi & Mishra, 2015).  

Elucidaoon of the molecular targets and signaling pathways responsible for TRAIL 

resistance demonstrated that this could be due to aberrant protein synthesis, protein 

misfolding, ubiquion regulated death receptor expression, metabolic pathways, 

epigeneoc deregulaoon, and metastasis (Trivedi & Mishra, 2015). Discovery of novel drugs 

that could inhibit the defecove cellular processes may restore TRAIL sensiovity and re-

sensioze TRAIL resistant cancer cells toward TRAIL-induced apoptosis (De Miguel, Gallego-

Lleyda, Ayuso, Ervio-Ardanaz, et al., 2016; De Miguel, Gallego-Lleyda, Ayuso, Pawlak, et 

al., 2016; de Miguel, Lemke, et al., 2016). In the case of HPV-mediated malignancies, the 

only carcinogenic agent inducing the transformaoon of the cells is high risk HPV and, 

hence, the expression of the viral oncogene E6. The role of E6 in TRAIL-mediated apoptosis 

is to inhibit the binding of FADD (Filippova et al., 2004) and caspase 8 (Filippova et al., 

2007), and thus deacovate the infected cells from undergoing apoptosis through the 

extrinsic pathway. Therefore, eliminaong the oncogenic acovioes of HPV E6 is predicted 

to restore the sensiovity of host cells to apoptooc signals such as those delivered by TRAIL.  

We developed a bead-based assay for high-throughput screening (HTS), based on 

PerkinElmer’s AlphaScreen® technology, and used it to query a 2,000-compound diverse 

library (Acoprobe-2K) obtained from TimTec, for small molecules capable of inhibiong 

E6/caspase 8 binding. Hit idenoficaoon, lead idenoficaoon and its opomizaoon were 

evaluated in a mulo-step process including primary library screening, dose-response 

analysis, counter-screening, opomizaoon based on SAR analysis, and finally, an isothermal 
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scanning calorimetric (ITC) assay for kineoc measurements. At the conclusion of this 

process, we had idenofied one candidate from the library queried: the imidazole amino 

acid derivaove of hisodine, spinacine (Figure 3) (Yuan et al., 2016; Yuan, Filippova, 

Tungteakkhun, et al., 2012). Spinacine is a benzimidazole, a derivaove of the amino acid 

hisodine, and a natural product from food sources such as dairy products, spinach and the 

roots of Panax ginseng (Pellegrino & Resmini, 1996; Restani, Campagner, Fiecchi, Resmini, 

& Galli, 1988). In addioon, it can be isolated from crabs and shark liver. There is no 

available informaoon on the biological acovity of spinacine with the excepoon of one set 

of toxicological data in rats showing no toxic effect from an oral dose of 300 mg/kg body 

weight per day for 13 weeks (Galli et al., 1989). 

 

 

 

 

 

Figure 3 – Structure of Spinacine 

  

Spinacine 
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Earlier work in our lab had demonstrated that spinacine, unlike other potenoal E6-

inhibitory molecules described by others, inhibits both E6/caspase 8 and E6/E6AP 

interacoons. This unique property allowed us to simultaneously restore both the intrinsic 

and extrinsic apoptooc pathways, potenoally amplifying treatment effecoveness. 

Importantly, we found that spinacine, selected for its ability to block E6/caspase 8 binding, 

sensiozes E6-expressing cells to death mediated by both TRAIL and chemotherapeuoc 

agents such as cisplaon (Yuan et al., 2016; Yuan, Filippova, Tungteakkhun, et al., 2012). As 

predicted, these small molecules restored cellular levels of p53 and procaspase 8 (Yuan et 

al., 2016), thus validaong our working model. Our hypothesis was that using spinacine as 

an inhibitor of E6 will restore the apoptooc pathways and reduce or eliminate HPV+ tumor 

growth when combined with apoptosis-induced therapy. Hence, we wanted to test the 

ability of our lead compound, spinacine, in reducing or eliminaong the growth of tumors 

in a xenograr murine model. This study directly compared the effecoveness of spinacine 

in partnering with TRAIL and with cisplaon. Success in this project would lay the 

groundwork for future clinical trials of spinacine as well as its chemical opomizaoon. 

 

2. Results 

In preparaoon for assessing the use of spinacine in further clinical trials, we 

established an opomized HPV+ tumor xenograr model to determine spinacine’s anotumor 

efficacy in the context of this model. First, we extended our previously established HPV+ 

tumor xenograr model to include not only cervical cancer but also head and neck cancer 

xenogrars. Moreover, we improved our in vivo tumor models to produce more consistent 



 64 

tumor growth and implemented a state-of-the-art tumor visualizaoon technology. Once 

spinacine’s toxicity level was assessed and its dose opomized, and sufficient hrTRAIL was 

purified and collected for the tumor inhibioon study, we were able to evaluate the 

anotumor effects of spinacine in synergy with hrTRAIL as well as with the 

chemotherapeuoc drug cisplaon in our established HPV+ HN tumor in vivo model.  

 

2.1 Development of a system that can effectively test small molecules in vivo. 

We focused on extending and enhancing our existing HPV+ tumor xenograft model. 

First, we expanded our cancer xenograft model to incorporate an HPV+ head and neck 

cancer model in addition to our cervical cancer model. Then we enhanced the model to 

obtain better and more consistent tumor growth by using Matrigel, a basement 

membrane matrix. Additionally, we applied luciferase technology to enable state-of-the-

art tumor visualization in a real-time manner in live animals. 

 

2.1a) HN cancer as an HPV+ tumor xenogra` model. Our laboratory has previously 

performed studies using a mouse xenograr model injected with the HPV+ SiHa cervical 

cancer cells (Filippova et al., 2014). In order to assess the effecoveness of our compounds 

in the context of HN tumors, we proceeded to develop an HPV+ HN cancer model by 

comparing tumor growths of six HPV+ HN cell lines (UM-SCC47, UM-SCC104, 93UV-147-

Up-Clone 6, UM-SCC47-TC-Clone 3, UPCI-SCC90-Up-Clone 35, and UD-SCC-2TC-Clone 5) 

in nude mice. The growth curve clearly demonstrated that of all the cell lines tested, UM-

SCC47 grew the fastest (Figure 4). The HPV+ HN cell line UM-SCC47 was chosen not only 
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because they develop fast-forming tumors, but also because they displayed significant 

sensiozaoon to TRAIL following pretreatment with spinacine (Yuan 2012). Hence, these 

cells were selected for the creaoon of a HN xenograr model for the in vivo studies 

described below. In addioon, we note that these cells have previously been successfully 

used in a similar xenograr model (Caicedo-Granados et al., 2014). In conclusion, in the 

experiments described in secoon 2, we will employ a xenograr model where UM-SCC47 

cells model HPV+ HN cancer.  



 66 

A) 

 

 

B) 

 

 

 

Figure 4 – HPV+ head and neck cancer cell lines tested in the xenograft model. (A) Six 
different HPV+ head and neck cancer cells were injected into nude mice and growth was 
monitored over time. Each cell line was tested on two mice with 7.5x106 cells injected into 
each flank. From all the HPV+ HN cell lines, UM-SCC47 was shown to be the fastest 
growing. (B) Representative pictures of the slowest and fastest growing tumors from the 
HPV+ HN cell lines engrafted. 
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2.1b) Matrigel incorporaaon into the HPV+ tumor xenogra` model. Opomizaoon of in 

vivo tumor models can enable more consistent tumor growth. Matrigel, an extracellular 

basement membrane gel that aids in the implantaoon and growth of tumors in vivo, allows 

tumors to remain in a confined area in mice. Our protocol tested two HPV+ HN cancer cells 

(UM-SCC47 and UPCI-SCC90) and split the groups into two: one with Matrigel and the 

other without Matrigel. We were able to demonstrate that tumors grow at a greater speed 

and at a more consistent rate when Matrigel was added (Figure 5A-B). These study results 

indicate that Matrigel enhances the progression of our tumor growth; therefore, we 

implemented Matrigel usage into our subsequent tumor inhibioon studies. 

 
 

A) B) 
 

 
 
 
Figure 5 – (A) 1.5x107 of UPCI-SCC90 Clone 35 cells or (B) 1x107 of UM-SCC47 cells were 
injected into each flank and were grown over time. 100 μL of Matrigel were added to the 
cancer cells in one group, whereas the other group did not contain any Matrigel. In 
conclusion, Matrigel assisted in the rapid and consistent growth of the tumor. 
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2.1c) Luciferase technology and bioluminescence imaging in the xenogra` model. 

Bioluminescence imaging has been widely used in animal experiments, and luciferase 

technology offers the ability to detect tumor growth and metastasis visualizaoon in live 

rodents without the need for surgical and/or terminal procedures. To uolize this state-of-

the-art technology, we uolized tumor cells expressing high levels of firefly luciferase, 

uolizing lenoviral transducoon to create HPV+ head and neck UM-SCC47 ffLuc cells. Based 

on the primary screening, we selected pools of cells expressing luciferase at a high level 

and labeled them Pools 1 through 4 (Figure 6a). A secondary screening confirmed that 

UM-SCC47 Pool 1 cells had the highest bioluminescence intensity (BLI) (Figure 6b) and 

was selected for tumor injecoon. When tumors became detectable, mice were imaged 

using IVIS Lumina III (PerkinElmer). This study successfully detected firefly luciferase in 

UM-SCC47 ffLuc cells (Figure 6d). This technology enabled us to visualize and assess tumor 

growth more accurately in-real-ome through bioluminescence visualizaoon.     
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A)            B)       

C) 

 
https://en.bio-protocol.org/en/bpdetail?id=1762&type=0 
 
D) 
 

  
Figure 6 – Relative bioluminescence reading of UM-SCC47 ffLuc pool cells from (A) 
primary and (B) secondary screenings. (C) Procedure to acquire images of luminescence 
expressing tumors in a mouse xenograft model. (D) Visualization of the HPV+ head and 
neck cancer model UM-SCC47 ffLuc-eGFP Pool 1. 

 



 70 

2.2 Tumor Growth Inhibition Study in an HPV+ xenograft model. 

Before tesong the efficacy of spinacine, we purified, collected, and tested hrTRAIL in cells 

before using the material in mice in the tumor inhibioon study. We also tested the toxicity 

levels of spinacine by performing a dose-finding experiment. Arer an opomal dose of 

treatment in mice was determined, we assessed the ability of  spinacine to synergize with 

hrTRAIL and/or the DNA damaging drug cisplaon to inhibit tumor growth in the in vivo 

models. We used the murine xenograr models established in the previous secoon and 

determined the extent to which each of the treatment plans and combinaoons reduced 

or eliminated tumor growth. 

 

2.2a) Spinacine dose opamizaaon. We performed a dose-response study in preparaoon 

for the anotumor efficacy experiment. We tested different concentraoons of the spinacine 

in CD1 mice (Crl:CD-1-022), and we selected our inioal in vivo doses of the small molecule 

to be either low, medium, high dose or vehicle as shown in Figure 7A. Four groups of 3 

mice each were injected intraperitoneally with the indicated concentraoons of spinacine 

on days 1 and 2. Arer a break on the third day, this cycle was repeated 5 omes for a total 

treatment period of 2 ½ weeks (Figure 7B). Animals were weighed every 2-3 days and 

observed for changes indicaove of declines in health, such as level of acovity, ocular 

porphyrin, hunched posture, drasoc weight loss, lack of fur grooming (Figure 7C-D). None 

of these clinical signs of decline in health or mortality were observed. Moreover, these 

observaoons were consistent with hematological results as well as post-mortem 

evaluaoon of major internal organs in the control and high dose groups (Figure 7E), none 
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of which showed signs of toxicity. This data indicates that spinacine is not toxic to mice at 

doses up to and including 20 mg/kg. 

A) 

 
 
B) 

 
 
C)     D) 
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E) 

 
 
 
Figure 7 – Spinacine Toxicity Study. (A) Group of treatments. (B) Scheme of treatment 
omeline. (C) Representaove pictures demonstraong mouse physical health (top) and 
showing the internal organs (botom). Pictures and organs are from the group treated with 
the highest concentraoon of spinacine. (D) Average mouse weight for each group is 
depicted for the duraoon of the experiment. (E) Evaluaoon of post-mortem major organs 
by group average weights.   
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2.2b) hrTRAIL Protein Purificaaon. Because TRAIL-based therapies can kill tumor cells 

through the extrinsic apoptooc pathway, while sparing most normal cells, we chose to 

begin by tesong the effect of a spinacine and human recombinant TRAIL (hrTRAIL) 

combinaoon on HPV+ tumor growth. To obtain the amount of hrTRAIL necessary for the 

anotumor efficacy animal experiment (25 mg), we cloned the part of the protein 

containing the site that binds to the TRAIL receptors into the E. coli protein expression 

vector pTriEx-4, produced the protein (Table 1), and demonstrated its apoptooc acovity 

(Figure 8).  

 

 

 

 
 
Figure 8 – Cell viability curve of U2OS cells treated with each hrTRAIL collecoon at the 
indicated concentraoons along with 5µg/mL cycloheximide.  
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Table 1 – Protein concentraoon and IC50 of each hrTRAIL produced and collected.  
 

 

2.2c) Spinacine anatumor efficacy in vivo study. To evaluate the ability of spinacine to 

synergize with hrTRAIL and cisplaon in vivo, we uolized a xenograr model from UM-SCC47 

cells for HN cancer. For each model, spinacine were paired with both hrTRAIL and with 

cisplaon. Six groups of animals, with eight animals per group, were employed (Figure 

9a). Treatment strategy was outlined in the schemaoc shown in Figure 9b-c. On day 1, 

spinacine (5mg/kg) or vehicle was administered; and on day 2, it was applied in 

combinaoon with an injecoon of either hrTRAIL (10 mg/kg) or cisplaon (5 mg/kg) (Duiker 

et al., 2009). hrTRAIL and cisplaon was administered intraperitoneally, and spinacine or 

vehicle injected directly into the tumor. Arer one day of rest, the same series of 

treatments was repeated 4 more omes in a period of 2 ½  weeks (for a total of 5 

treatments) arer the inioal treatment. Tumor size was monitored every 3-4 days with 

vernier caliper measurements. Tumor growth was corroborated with bioluminescent 

tumor imaging (Figure 10b). The endpoint of the study was 120 days arer tumor injecoon, 

and in some cases earlier, if signs of endpoints pain and suffering were observed. 

His-TRAIL 
Purified Dates 

Average 
Concentration 
(mg/mL) 

Dilutions 
@ IC50 

IC50 
(mg/mL) 

IC50 
(ug/L) 

Volume 
(mL) 

Total Protein 
(mg) 

03/14/2017 0.4672 87,000 5.37 x 10-6 5.37 7 3.27 
03/27/2017 0.6792 102,000 6.65 x 10-6 6.65 9 6.11 
04/04/2017 0.6561 600,000 1.09 x 10-6 1.09 20 13.12 
04/11/2017 0.6657 800,000 8.32 x 10-7 0.83 12 7.99 
04/12/2017 0.1819 73,000 2.49 x 10-6 2.49 15 2.73 
04/18/2017 0.8725 100,000 8.73 x 10-6 8.73 26 22.68 
    TOTAL 89 55.91 
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Interesongly, the tumor growth curve demonstrated that the group treated with Spinacine 

in combinaoon with TRAIL had the highest tumor increase, followed by vehicle; whereas 

the group treated with single-agent cisplaon showed the least growth (Figure 10a). The 

combinaoon treatment unfortunately did not amplify the effect of the apoptooc agents, 

in comparison to the single treatment groups. The IVIS imaging analysis also supported 

this finding (Figure 10b-c). Furthermore, we analyzed the results by looking at the tumors 

that either increased (in green bars), did not change or decreased (in red bars), or 

regressed (shown in blue bars) before and a]er the treatment period (Figure 11a). In the 

vehicle and the spinacine groups, the results demonstrated that most of the tumors grew 

and some of them regressed (Figure 11b). Addioonally, these two groups displayed the 

highest level of increasing tumor size according to the green bars, and the smallest 

number of decreasing tumors based on the red. The combined treatments demonstrated 

the lowest level of increasing tumor growth, and comparably the largest number of 

decreasing tumors compared to its single agent treated control groups. When the animals 

were treated with Cisplaon more tumors regressed. But when we added spinacine in the 

combinaoon, we did not observe any further benefit. Therefore, we concluded that 

spinacine had no significant effect on the apoptooc agent efficacy in HPV+ tumor growth 

in vivo.  
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C) 
 
 
 

 
 
 
 
Figure 9 – Scheme of animal experiments A) Group of treatments. B) Study design. C) 
Scheme of treatment omeline.  
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B)

 
 
 
C) 
 

 
 
 
Figure 10 – Spinacine Tumor Growth Curve  A) Caliper measurements of tumor volumes 
(mm3). B) IVIS Images of treatment groups. (C) Bioluminescence intensity measurements 
of tumor sizes (in photons/sec). 
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A) 

 
 
 
B)  

 
Figure 11  Tumor relative sizes before and after treatments  A) Photo and diagrams of 
before and after mice tumor sizes. B) Percent distribution of mice tumor sizes after 
treatment relative to before treatment started.  
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3. Discussion 

Previously, our laboratory had idenofied and tested small molecules that block 

E6/caspase 8 interacoons, and our preliminary studies provided proof-of principle that 

molecules that block E6/caspase 8 interacoons could, indeed, re-sensioze HPV+ cells to 

apoptooc triggers (Tungteakkhun et al., 2010; Tungteakkhun et al., 2008; Yuan, Filippova, 

Tungteakkhun, et al., 2012). We found that the small molecule spinacine also 

demonstrated reconsotuoon of the cellular levels of caspase 8, FADD and p53 while it 

sensiozed HPV+ cells to apoptosis triggered by agents such as TRAIL or cisplaon in the cell 

context (Yuan et al., 2016; Yuan, Filippova, Tungteakkhun, et al., 2012). Therefore, we have 

successfully shown spinacine to interact with E6 in vitro; however, our first atempt at 

demonstraong this interacoon in vivo did not yield evidence of efficacy. Mouse groups 

treated with cisplaon and in combinaoon with spinacine demonstrated a decrease in 

tumor size; however, spinacine did not seem to amplify the anotumor effect of cisplaon 

in vivo. Therefore, we were unable to conclude that spinacine significantly increased 

chemotherapy efficacy in an HPV+ HNSCC xenograr model. Many compounds show 

efficacy during inioal studies in vitro and in cells, but not in vivo, and this efficacy study 

represented another such case. These divergent results could have been due to mulople 

metabolic processes and other complex biological effects present in an animal model. The 

impact of drug absorpoon, distribuoon, metabolism, and excreoon could have potenoally 

hampered the effecoveness of spinacine in the murine model. Other mechanisms of 

acoon that could have restricted spinacine’s efficacy could be an inability of the compound 

to reach the target tumor cells and molecules within the animal. Addioonally, due to the 
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use of several different lots of the compound, batch-to-batch variability could have 

affected the efficacy and outcomes of spinacine from the cellular context to the animal 

model. Notwithstanding, we have expanded the drug discovery strategy to include an in 

vivo model in the preclinical lead validaoon stage, and we have inched closer to translaoon 

by tesong drugs through a more complex and representaove system.   

Combinaoon therapies that can increase efficacy and decrease side effects in 

paoents cononue to be a desirable strategy. In pracoce, approaches based on cisplaon, 

carboplaon, paclitaxel, 5-fluorouracil, and radiotherapy are frequently combined into 

regimens drawing on two or even three agents; however, these combinatorial treatments 

have had limited efficacy and relaovely serious side effects (Oikonomou & Pintzas, 2013; 

Stuckey & Shah, 2013). In contrast, the small molecule compound spinacine was shown 

to have low toxicity in vivo, as did TRAIL. Even though the combinaoon of spinacine with 

the apoptooc-inducing agents did not show to be as effecove as we expected, a decrease 

in growing tumors and an increase in tumors that shrank or stayed the same size was 

apparent (Figure 8d). A more effecove combinatorial approach could enable a reducoon 

in the dosage, and thus, the side effects of some chemotherapeuoc drugs. Therefore, 

combinatorial treatment plans with efficacious and low toxic small molecules that can 

deliver lower side effects in overall therapy are an important aspect in the context of HPV-

induced head and neck carcinoma. Consequently, the concept that a small drug-like 

molecule in combinaoon with other apoptosis-inducing agents or targeted therapy could 

provide safer and more effecove therapeuoc opoons to paoents with HPV+ malignancies, 

cononues to be an approach soll worth pursuing to improve clinical outcomes for these 
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paoents. Even though our first study outcomes did not yield significant results, we soll 

believe that finding other low toxic agents that target HPV E6 or other oncoproteins would 

be an excellent therapeuoc strategy to treat HPV-associated cancers; and small molecule 

drugs could also prove to be an appropriate approach to reach this goal. 

In this study, a xenograr model has been developed, opomized, and tested for 

lead molecule validaoon. The extended murine xenograr model included the growth of 

HPV+ HN tumors in addioon to the established HPV+ cervical cell line. Moreover, the 

opomized HPV+ HN cancer mouse model incorporated the use of a basement membrane 

matrix and luciferase reporter technology for a more consistent tumor growth and state-

of-the-art tumor visualizaoon in a real-ome manner, respecovely. The enhanced xenograr 

model enabled us to evaluate the anotumor efficacy of a small molecule, spinacine, and 

to observe its effect on the growth of HN-derived tumors both through Vernier caliper and 

BLI measurements. Thus, we have opomized the in vivo xenograr animal model for 

preclinical lead validaoon of any addioonal E6 inhibitors that may be found in the future. 

The opomized and tested in vivo model will put us in a good posioon to evaluate any new 

leads we may obtain for potenoal therapeuoc use. In conclusion, we have developed an 

in vivo model for preclinical lead validaoon on future small molecule candidates that could 

potenoally be even more potent E6 inhibitors. Consequently, this could generate future 

combinaoon therapies that can atenuate toxicity and therapeuoc sequelae while 

enhancing treatment efficacy and improving paoents’ clinical outcomes.  
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4. Material and Methods 

Cell Culture 

HPV+ HNSCC cell lines were obtained from several sources: UD-SCC-2 Clone 5; 

UPCI:SCC90 Clone 35; UM-SCC47 Clone 3;  93-VU-147T Clone 6; were a gir from Dr. John 

Lee, Sanford Research (South Dakota, USA). UM-SCC47 and UM-SCC-104 were a gir from 

Dr. Thomas Carey, University of Michigan (Michigan, USA) (Tang et al., 2012). All HN cells 

were cultured in Dulbecco’s Modified Eagle Medium (Mediatech, Manassas, VA, USA) 

supplemented with 9% fetal bovine serum (Invitrogen), penicillin (100 units/ml), and 

streptomycin (100 μg/ml) (Sigma Aldrich). U2OS cells were obtained from ATCC (Manassas, 

VA) and were grown in McCoy’s media supplemented to 10% FBS (Invitrogen), penicillin 

(100 units/ml), and streptomycin (100 μg/ml) (Sigma Aldrich). 

 

Reagents 

Spinacine, also known as 4,5,6,7-tetrahydro-1H-imidazo[4,5–c]pyridine-6-

carboxylic acid, was provided by TimTec LLC (Newark, DE, USA) and dissolved in DMSO to 

yield a 200 mM stock. Cisplaon (Accord Healthcare Inc, Durham, NC) was a donaoon from 

Dr. Kofi Donkor and his pharmaceuocal team at the Loma Linda University Medical Center 

Cancer Center. Matrigel (Corning Inc, Somerville, MA), a basement membrane mixture, 

was administered to facilitate the engrarment and implantaoon of the tumor grars. 

Saline soluoon (0.9%) was used for vehicle treatment. 
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hrTRAIL Protein Purificaaon & Cell Viability Assay 

We cloned the extracellular C-terminal domain of human TRAIL into the protein 

expression vector pTriEx-4 with an N-terminal (His-)6 tag. The plasmid pTriEx-4 His-TRAIL 

was expressed in E. coli BL-21 pLys cells and induced with IPTG to produce His-TRAIL 

protein. Then, His-tagged human recombinant TRAIL (hrTRAIL) proteins were 

resuspended in His diluoon buffer (20 mM Hepes pH 7.4, 150 mM NaCl, 300uM imidazole, 

2 µM DTT). The collected hrTRAIL concentraoon was determined using Coomassie Plus – 

The Beter Bradford Assay Reagent (Thermo Scienofic, Waltham, MA). Isolated hrTRAIL 

was separated by gel electrophoresis (SDS-PAGE) and purity determined by Coomassie 

staining.  To measure cell viability following hrTRAIL treatment, a TRAIL-sensiove cell line, 

U2OS, was seeded into 96-well plates (1-2 × 104 cells/well) and allowed to adhere 

overnight. The treatment of U2OS cells with hrTRAIL was added in the presence of 

cycloheximide (5 μg/ml) to inhibit de novo protein synthesis, and the cells were incubated 

at 37oC for 16 hours prior to measuring cell viability by the MTT assay. Twenty microliters 

of MTT were added (10 mg/ml stock), and cells were incubated at 37 °C for 2-3 hours. The 

media was removed, and 100-150 μl of DMSO was added and mixed with MTT, turning 

the solvent into a purple hue. The absorbance of each well was measured at 490 nm. 

 

Transducaon of Luciferase expressing cells 

To allow tumor in vivo visualizaoon, UM-SCC47 cells were transduced with a CMV-

p:EGFP-ffluc pHIV7 lenoviral vector (Brown et al., 2009), a kind gir from Dr. Juli 

Unternaehrer at Loma Linda University (Loma Linda, CA USA). The lenoviral vector 
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encodes a fusion protein of enhanced green fluorescence protein (eGFP) and firefly 

luciferase (ffLuc). The eGFP-ffLuc-transduced UM-SCC47 cells were selected based on 

firefly luciferase expression via the SpectraMax i3x microplate reader (San Jose, CA). The 

UM-SCC47 eGFP-ffLuc cells that passed primary screening with high bioluminescence 

intensity (BLI) underwent secondary screening (Figure 6A). UM-SCC47 ffLuc-eGFP Pool 1 

cells demonstrated to have the highest luciferase expression (Figure 6B) and hence we 

selected them to inioate tumors in our in vivo model.  

 

Animal Experiments 

All animal experiments were approved and carried out in accordance with the 

Insotuoonal Animal Care and Use Commitee at Loma Linda University and the Loma Linda 

VA Medical Center (IACUC# 888, 8140036, 8140045, 8170026). 5 weeks old female CD-1 

(Crl:CD1-Foxn1nu-086) immunodeficient nude mice obtained from Charles River 

Laboratories (Wilmington, MA) were used as a xenograr model in most of the studies 

performed. Experiments that used athymic nude mice were conducted under sterile 

condioons at the animal research facilioes (Loma Linda, CA). Animal procedures were 

performed under 3% inhaled isoflurane. Sterilized food and water were provided ad 

libitum. Animals that exhibited signs of pain or distress or other endpoint criteria were 

euthanized.  

To establish an HPV+ HNSCC xenograr model in Secaon 2.1a, 7.5x106 cells of six 

HPV+ HN cell lines (UD-SCC-2 Clone 5; UPCI:SCC90 Clone 35; UM-SCC47; UM-SCC47 Clone 

3;  93-VU-147T Clone 6; UM-SCC-104) were injected intradermally into both flanks of 
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athymic mice. Two mice were assigned per cell line, for a total of 12 animals. Tumor 

growth over ome were monitored by Vernier caliper measurements.  

For more consistent tumor growth, the basement membrane Matrigel was tested 

with two different HPV+ HN cell lines (UPCI:SCC90 Clone 35 and UM-SCC47) in Secaon 

2.1b. Three nude mice were injected bilaterally with 1-1.5 x 107 tumor cells with Matrigel 

in a 1:1 raoo in group 1, whereas group 2 did not contain any Matrigel as the control group.  

The tumor volumes of both groups were measured with calipers and then compared over 

ome.   

For tumor in vivo visualizaoon in Secaon 2.1c, mice were injected with 107 UM-

SCC47 ffLuc-transduced Pool 1 cells subcutaneously on both flanks of each athymic mouse. 

BLI measurements of tumor growth and metastasis development were performed every 

week arer intraperitoneal injecoon of the luciferase substrate GoldBio luciferin potassium 

salts (GoldBio) (2 mg in 200µl). Ten minutes following injecoon, the fully anestheozed 

animal was placed into the imaging chamber, and the image was acquired using the IVIS 

Lumina III In Vivo Imaging System (PerkinElmer, Waltham, MA) (Figure 6C). Tumor growth 

was measured using the Living Image sorware (PerkinElmer). 

The dose-finding study in Secaon 2.2a tested 3 different concentraoons of spinacine 

(vehicle, 5mg/kg, 10mg/kg, 20mg/kg) on CD-1 female mice (Crl:CD-1-022) that were 26-

30 days old. Saline soluoon was uolized in the vehicle groups. Three mice were randomly 

assigned into each of the four groups based on body weight. No tumor engrarments or 

athymic nude mice were used in this study. Clinical observaoons including physical, 

behavioral assessments and weight were monitored throughout the experiment, 
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especially during and arer spinacine treatment. Blood was collected through cardiac 

puncture right arer euthanasia, and major internal organs were evaluated and harvested 

post-mortem.  

In the tumor inhibioon study in Secaon 2.2c, the xenograr model was established 

by subcutaneous injecoons of 7.5 x 106 - 107 UM-SCC47 ffLuc eGFP Pool 1 cells in 50% 

Matrigel into the flanks of nude mice. Eight mice were randomly assigned to each 

experimental group: A) Vehicle B) Spinacine C) hrTRAIL D) Cisplaon E) hrTRAIL + Spinacine 

F) Cisplaon + Spinacine. Saline treatment was uolized in the vehicle and single-treatment 

control groups. The number of mice per group was esomated based on our preliminary 

experiments with xenograr mice, so as to obtain a staosocally significant difference in 

tumor growth between control and tested groups. Power calculaoons indicate that in 

order to detect a difference of at least 25% in mean tumor volume when administering 

the therapeuoc agent, with a power of 90% and an alpha (Type I) value of 0.05, 8 mice will 

be necessary for each group (8 mice x 6 groups = 48 mice/experiment). Animals bearing 

tumors will be randomly assigned into the various treatment groups based on body weight 

and tumor size. Tumors were grown for 10 weeks before the volumes reached 100 mm3 

and treatments were started. Tumor volumes were measured unol the tumor reached 

5000 mm3 in size, at which point the animal was euthanized by CO2 asphyxiaoon and 

exsanguinaoon through cardiac puncture. Tumor growth was monitored through Vernier 

caliper measurements and IVIS imaging, then the tumors were harvested arer sacrifice.  
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Tumor growth analysis 

Tumors were dissected, photographed near a ruler (for size esomaoon) and 

weighed. Tumor volume was determined twice a week by Vernier caliper measurements. 

The length and width of each tumor was measured, and tumor volumes (V) were 

calculated using the following formula: V=LW2/2. The length (L) was considered as the 

longest diameter, whereas the width (W) was determined as the maximum diameter 

perpendicular to the direcoon of the longest diameter measured by the vernier.  

Moreover, tumor bearing mice were imaged using a cooled charge-coupled device 

camera system from IVIS Lumina III (Perkin-Elmer, Waltham, MA). Arer being 

anestheozed, 150uL of 10mg/mL D-Luciferin potassium salts (GoldBio, St. Louis, MO) were 

injected intraperitoneally into the abdominal cavity of the animals. Mice were placed in 

the light-oght chamber of the imaging system under isoflurane anesthesia and imaged 5 

min arer injecoon. We acquired sequences of 9 images with binning of 2, 4, and 8 and at 

exposure omes 5, 30, 60 seconds, with a preset condioon of F/stop of 1 and a field of view 

of 12.5. Once the images were captured, regions of interest (ROI) were placed over the 

tumors to quanofy the signal intensity within those regions using the Living Image 

Sorware (Caliper Life Sciences, Alameda, CA). BLI detected was represented as a total flux 

measurement in photons/sec.  
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Staasacal analysis 

Data on tumor growth will be presented as a group average in mm3 or photons/sec 

at each ome point +/- standard error (SE). Within each group, tumor size at a certain ome 

point will be expressed as a percentage of tumor size at the treatment incepoon.   
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Introducaon 
 

Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer 

worldwide, affecong more than half a million people annually (cancer.net). HNSCC is an 

epithelial tumor arising in the mucosal lining of the oral cavity, nasal cavity, oropharynx, 

larynx, and hypopharynx. The tradioonal eoology for HNSCC is the use of tobacco and 

alcohol; however, a steady HNSCC rise in developed countries in the past couple of 

decades has established high-risk human papillomavirus (HR-HPV) as a risk factor (Sabaoni 

& Chiocca, 2020; Scot-Witenborn et al., 2022; Ursu et al., 2022). Nearly 70% of 

oropharyngeal cancer are associated with HPV infecoon, and HPV type 16 accounong for 

82% of HPV posiove HNSCC (Alsbeih et al., 2019; Cavallo, 2021; Ferris & Westra, 2023; 

Ghosh, Shah, & Johnson, 2022; Johnson et al., 2020; Mahal et al., 2019; Ndiaye et al., 2014; 

Ursu et al., 2022; Ward, Mehta, & Moore, 2016). Gardasil 9 is a vaccine approved in 2020 

for prevenong several HPV-malignancies including HNSCC (Diana & Corica, 2021; Liao et 

al., 2022; J. Z. Zhou, Jou, & Cohen, 2021). Unfortunately, these prophylacoc vaccines do 

not benefit people already infected with HPV or with a compromised immune system.  

Once tumors develop, current therapeuoc approaches for HNSCC are limited and 

are not opomally customized for the evolving subtypes of HNSCC. Each subset of HNSCC 

is characterisocally different and exhibits divergent clinical outcomes, as HPV-infected 

paoents experience beter cancer treatment response and survival than their non-HPV 

counterparts (Sabaoni & Chiocca, 2020). Current treatment guidelines do not disonguish 

between HPV status, and standard of care consists of invasive surgery, chemotherapy, 

radiaoon, or a combinaoon of these modalioes (Ursu et al., 2022). The challenge with 
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HPV+ HNSCC paoents is the resulong post-treatment long-term morbidity rather than 

treatment efficacy, which is typically quite high (82%) (Sun, Wang, Qiu, & Wang, 2021). 

The classical therapeuoc regimen used to treat HNSCC paoents leads to long-term 

sequelae in the otherwise high funcooning nonsmoking young male populaoon, which is 

the representaove demographic of this cancer subtype (Amjad, Chidharla, & Kasi, 2023; 

Meistrich, 2013). Therefore, treatment side-effects frequently create funcoonal 

complicaoons, such as difficuloes and impairments with chewing, swallowing, and 

breathing; these sequelae compromise a young paoent’s quality of life with decades ler 

to live (Ghosh et al., 2022; Mot et al., 2020; Riechelmann et al., 2022). Due to the myriad 

of toxicioes associated with chemotherapy, targeted therapy has become an atracove 

treatment strategy due to its typically favorable side effect profile and increased efficacy. 

To date, cetuximab is the only targeted therapy that is widely used for HNSCC (Li, Tie, Alu, 

Ma, & Shi, 2023). That said, cisplaon, a cytotoxic agent and a DNA intercalator, remains 

the standard of care for HNSCC. Therefore, new improved treatment approaches that can 

lower toxicity while specifically targeong the tumor must be developed. 

To increase the effecoveness while decreasing the toxicioes of current treatment 

regimens, our lab screened and tested several small molecule libraries, leading to the 

idenoficaoon of 30-hydroxygambogic acid (GA-OH) as an inhibitor of E6 (Chitsike, Yuan, 

Roy, Boyle, & Duerksen-Hughes, 2021). The oncoprotein E6 of HR-HPV has been idenofied 

as a major contributor to the oncogenicity of HPV. E6 blocks mulople apoptooc pathways, 

mainly through the degradaoon of proteins such as p53 and caspase 8, thereby allowing 

the virus to persist in the host and increasing the probability of tumor formaoon. The small 
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molecule GA-OH is able to selecovely inhibit E6 acovity by binding to the oncoprotein, 

which increases the levels of p53, caspase 8, p21 and caspase 3 (Chitsike et al., 2021), 

thereby sensiozing tumor cells to chemotherapy-induced apoptosis. 

The subsequent step in our research was to make the transioon to animal models 

and test the effecoveness of the applicaoon of GA-OH alone and in combinaoon with 

chemotherapy in vivo, using cisplaon and cetuximab as model agents. Our hypothesis is 

that due to its ability to inhibit E6 and sensioze HPV+ cells to apoptosis, GA-OH will 

increase the effecoveness of chemotherapeuoc agents such as cisplaon. We plan to test 

the ability of GA-OH to reduce or eliminate tumor growth in a mouse xenograr model, 

along with a GA-OH dose-finding study and toxicological assessments. Success in this 

study would advance the development of effecove therapeuoc approaches to combat 

HPV-associated malignancies.  
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Materials & Methods 

Cell Culture 

UM-SCC47 ffLuc-eGFP (Brown et al., 2009) Clone 14 is a stably transduced 

luciferase expressing variant of the human HPV+ head and neck cancer cell line UM-SCC47 

(al. 1979), which were a gir from Dr. Thomas Carrey, University of Michigan (Michigan, 

USA). The cells were cultured in DMEM (Dulbecco’s Modified Eagle Medium) (Genesee, 

San Diego, CA), supplemented with 9% fetal bovine serum (Genesee), penicillin (100 

units/ml), and streptomycin (100 µg/ml) (Sigma-Aldrich), and maintained at 37°C in a 

humidified atmosphere of 95% air / 5% CO2. 

  

Reagents 

30-hydroxygambogic acid (GA-OH) obtained from Quality phytochemicals LLC 

(New Jersey, USA) was dissolved in DMSO to a stock soluoon of 6447.5 mg/L (10 mM) 

concentraoon before diluong it into a final concentraoon of 120 mg/L (186.119 µM) 

immediately prior to use in the tumor inhibioon study. Cisplaon (Accord Healthcare Inc, 

Durham, NC) and cetuximab (Erbitux) (ImClone LLC, Branchburg, NJ) were a donaoon from 

Dr. Kofi Donkor and his pharmaceuocal team at the Loma Linda University Medical Center 

Cancer Center. Cultrex (R&D Systems, Minneapolis, MN), a basement membrane mixture, 

was used for the engrarment and implantaoon of the tumor grars. Sterile saline soluoons 

(0.8%) were administered for vehicle treatment.  
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Transducaon of Luciferase expressing cells and clone selecaon 

Transduc)on of UM-SCC47 cells 

UM-SCC47 cancer cells were transduced with a CMV-p:EGFP-ffLuc pHIV7 lenoviral 

vector (Brown et al., 2009), a kind gir from Dr Juli Unternaehrer at Loma Linda University 

(Loma Linda, CA USA). The lenoviral vector encodes a fusion protein of enhanced green 

fluorescence protein (eGFP) and firefly luciferase (ffLuc). Once cells were transduced, 

single cell clones were isolated by limiong diluoon and expanded in vitro. 

 

Flow cytometry: GFP expression 

Cell populaoons arising from single-cell clones generated 39 stable clones. GFP 

levels of these clones were analyzed by flow cytometry (MACSQuant Analyzer 10, San 

Diego, CA). Cell populaoons were gated as either GFP+ or GFP- through the FL3A channel, 

and the percentages of GFP+ cells determined. Each clone GFP measurement was 

repeated at least three different omes (more than three biological replicates carried out 

on different days). Data represented are from a representaove experiment. 

  

In-Vitro IVIS Assay: Bioluminescence Detec)on 

The specificity and sensiovity of luciferase expression was demonstrated by serial 

two-fold diluoons of UM-SCC47 clones. Serial diluoons starong with one million cells of 

luciferase-transduced UM-SCC47 cells were prepared by mixing 100 µL of tumor cells into 

100 µL of DMEM media, resulong in a 2-fold diluoon (1000000, 500000, 250000, 125000, 

62500, 31250 cells per well). Once 100 µL of the clones were added onto a black 96 well 
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plate in a gradient of decreasing concentraoon, bioluminescence detecoon was 

conducted arer adding 100 µL of 150 µg/mL of luciferase substrate into each well. We 

incubated the plate for 5-10 min before imaging using the IVIS Lumina III system (Perkin 

Elmer, Waltham, MA). The in-vitro assay was repeated at least three omes (more than 

three biological replicates, carried out on different days). Data presented are from a 

representaove experiment. Quanotaove analysis was achieved by analyzing the 

correlaoon between the number of tumor cells and the intensity of the bioluminescence. 

  

Dose-Finding Study 

We induced HPV+ HNSCC in mouse xenograr models by subcutaneously injecong 

107 of UM-SCC47 ffLuc-eGFP clone #14 cells into CD-1 (Crl:CD1-Foxn1nu-086) 

immunodeficient nude mice. The mice received different dosages of GA-OH starong with 

5 mg/kg and ranging all the way down to 0.25 mg/kg. 125 µL of the appropriate GA-OH 

dose or saline were delivered locally on Days 1 and 2. No injecoons were made on Day 3, 

and this 3-day cycle was repeated 5 omes (for a total of about 2 ½ weeks). Following GA-

OH injecoons, the spot of injecoon was inspected for redness, swelling, discharge, or other 

signs of toxicity. Mice were weighed regularly, and tumor growth measured by Vernier 

calipers and monitored by bioluminescence imaging. Mice were monitored for general 

health (hydraoon, mucus membranes, discharge, weight, mobility) throughout the 

experiments. If an animal exhibited signs of pain or distress, or their tumors reached 20 

mm in one dimension, they were euthanized by carbon dioxide (CO2) narcosis followed by 

exsanguinaoon. 
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Tumor implantaaon and animal maintenance 

The mice underwent subcutaneous injecoons of 1.5x107 UM-SCC47 ffLuc-eGFP 

clone #14 cells to establish subcutaneous tumors in CD-1 (Crl:CD1-Foxn1nu-086) 

immunodeficient nude mice. 60 naïve 4-6 weeks old mice comprised of 30 female and 30 

male mice were obtained from Charles River Laboratories (Wilmington, MA) and housed 

in pathogen-free condioons with individually venolated cages. The tumor cells were 

resuspended in 100 µL DMEM and 100 µL Cultrex in a 1:1 raoo and implanted into the 

flanks using a 1 mL syringe. 

Ten animals were randomly assigned to each experimental group based on tumor 

size and gender: A) Vehicle; B) GA-OH alone; C) Cisplaon alone; D) Cisplaon + GA-OH; E) 

Cetuximab alone; F) Cetuximab + GA-OH. The number of mice per group was esomated 

based on our preliminary experiments with xenograr mice, so as to obtain a staosocally 

significant difference in tumor growth between control and tested groups. Power 

calculaoons indicate that to detect a difference of at least 35% in mean tumor volume 

when administering the therapeuoc agent, with a power of 90% and an alpha (Type I) 

value of 0.05, 10 mice will be necessary for each group (10 mice x 6 groups = 60 

mice/experiment). 

The treatment regimen started a week arer tumor injecoon with 120 mg/L GA-OH 

or saline direct intratumoral injecoons to each group. Saline was used as treatments in 

the vehicle and single-treatment control groups. The chemotherapeuoc drugs cisplaon (1 

mg/mL) or cetuximab (2 mg/mL) were administered intraperitoneally. Approximately 125 

µL of each small molecule or chemotherapeuoc agent were injected into each group, 
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using sterile techniques. An assessment such as tumor size, weight, level of acovity, 

posture and changes in behavior were monitored every 2-3 days during the treatment 

period. We monitored the mice for another 3 weeks to assess the long-term efficacy of 

the treatments. If an animal exhibited signs of pain or distress or tumors larger than 20 

mm in one dimension, they were euthanized earlier. Mice were sacrificed by CO2 

inhalaoon in a chamber, followed by exsanguinaoon through cardiac puncture. Blood was 

collected for serum and hematological tests. Tumors were dissected, photographed near 

a ruler (for size esomaoon) and weighed.  The following end point parameters were 

evaluated: mortality, clinical signs, body weight, hematology and serum biochemistry, and 

post-mortem major organ evaluaoon. 

All animals were housed at the Loma Linda University animal care facility (ACF) and 

acclimated for at least one week before the start of the studies, and experimental 

procedures were conducted under sterile condioons. Standard irradiated chow diet and 

sterilized water were provided ad libitum.  All animal procedures and protocols were 

reviewed and approved by the Loma Linda University Insotuoonal Animal Care and Use 

Commitee (IACUC 20-127, 8 March 2022).  
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Tumor growth measurements 

Tumor volume was determined twice a week by Vernier caliper measurements 

(Carolina Biological Supply, Burlington, NC). The length and width of each tumor was 

measured, and tumor volumes (V) were calculated using the following formula: V=LW2/2. 

The length (L) was considered as the longest diameter, whereas the width (W) was 

determined as the maximum diameter perpendicular to the direcoon of the longest 

diameter measured by the vernier. 

Moreover, tumor bearing mice were imaged using a cooled charge-coupled device 

camera system from IVIS Lumina III (Perkin-Elmer, Waltham, MA). Arer being 

anestheozed, 150 µL of 40 mg/mL D-Luciferin potassium salts (GoldBio, St. Louis, MO) 

were injected intraperitoneally into the abdominal cavity of the animals and the mice then 

placed in the isoflurane inducoon chamber 5 min arer substrate injecoon. Once under 

anesthesia, mice were transferred to the light-oght chamber of the imaging system and 

imaged 13 min arer substrate administraoon. We acquired sequences of 37 images with 

binning of 2, 4, and 8 and at exposure omes of Auto, 0.5, 1, 2, 4, 10, 20 seconds, with a 

preset condioon of F/stop of 1 and a field of view of 12.5 for every batch. Once the images 

were captured, regions of interest (ROI) were placed over the tumor images to quanofy 

the signal intensity within those regions using the Living Image Sorware (Caliper Life 

Sciences, Alameda, CA). BLI detected was represented as a total flux measurement in 

photons/sec. 
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BLI Kineacs of Tumor model 

Bioluminescence kineoc measurements were determined in our xenograr model 

to ensure maximum and consistent photon flux. IVIS images were acquired starong 8 min 

arer substrate administraoon and cononued unol 24 min arer. Sequence acquisioons 

were made every 2 min per batch. Sequenoal images were set at binning of 4 and Auto 

exposure ome, with a preset condioon of F/stop = 1, and a FOV of 12.5. BLI were measured 

by Living Image Sorware as described above. Each kineoc measurement was repeated at 

least three different omes (more than three biological replicates carried out on different 

days). Data represented are from a representaove experiment. 

  

Staasacal analysis 

Data on tumor growth is presented as a group average in mm3 at each ome point 

+/- standard error (SE). Within each group, tumor size at a certain ome point is expressed 

as a percentage of tumor size at the treatment incepoon. One-way ANOVA was used to 

determine staosocal significance of any observed differences between groups regarding 

end-point organ weight, tumor weight, and any blood test and toxicity panel analysis. 

Staosocs were calculated using Prism sorware 9.4.1 (Graphpad Sorware Inc, San Diego, 

CA).  

Generalized Least Squares Regression (GLSR) was used to assess the effects of 

group assignment, ome, and group x ome interacoon on tumor size. Three group 

comparisons were made: 1. Cisplaon + GA-OH compared to Vehicle, 2. Cisplaon + GA-OH 

compared to GA-OH, and 3. Cisplaon + GA-OH compared to Cisplaon. Data analysis was 
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performed using R (version 2022.07.2). Generalized least squares regression (GLSR) was 

used to compare differences in tumor growth over ome between groups. GLSR 

assumpoons were checked, including homoscedasocity and normality of residuals, to 

ensure the reliability of the results. A p-value of < 0.05 was considered staosocally 

significant. * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001.  

All in vitro experiments were repeated at least three omes (three biological 

replicates, carried out on different days), with each experimental group measured in 

triplicate within each of these individual experiments. Data presented are from a 

representaove experiment. 

 

Results 

Clonal Selecaon: 

To allow for in vivo visualizaoon, tumor cells expressing the Luciferase were 

injected subcutaneously in nude mice to allow engrarment and tumor formaoon. The 

UM-SCC47 EGFP-ffLuc stable clone cell line was used to produce the head and neck cancer 

mouse xenograr. We began by transducing the HPV+ HN cancer cell, UM-SCC47, with 

firefly luciferase. We used the lenoviral vector CMV-p:EGFP-ffLuc pHIV7, which contains 

genes coding for both green fluorescence protein (GFP) and luciferase (ffLuc) (Figure 12). 

Once transduced, we isolated and expanded single cell clones, generaong 39 stable clones. 

We tested all clones through flow cytometry for levels of GFP expression (Table 2). Only 

eight of the 39 clones demonstrated a fluorescence intensity of 50% or higher in the 

primary screening. Arer secondary screening (Figure 13a-b), the scater plot and 
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histograms consistently indicated clones #14, #31, and #35 to have the highest 

percentages of GFP+ cells (greater than 98%) (Table 3). When we tested the levels of firefly 

luciferase (ffLuc) expression by serial diluoons through IVIS imaging, clone #14 exhibited 

a higher level of bioluminescence signal (Figure 14a-b) compared to the other highly GFP-

expressing clones. The minimum number of Clone 14 cells that was reliably and 

quanotaovely detected in vitro with this system was 105 cells/well using a 96-well black 

plate with a final luciferase concentraoon of 75 µg/ml (total 200uL). Moreover, we found 

that the BLI signal was proporoonal to the absolute amount of plated clonal cells. A strong 

linear correlaoon (R2 = 0.995) was observed between absolute cell number and BLI signal. 

(Figure 14c). In conclusion, clone #14 cells had the highest level of GFP and firefly 

luciferase and was selected to inioate tumors in our xenograr model.
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Figure 12 – Transducoon of UM-SCC47 cells with lenoviral vector CMV-p:EGFP-ffLuc pHIV7, 
which expresses firefly luciferase (ffLuc) and green fluorescent protein (GFP). Paroal clonal 
selecoon was based on GFP expression by flow cytometry. 
 
 

 
 
Table 2 – Percentages of GFP+ populaoons in all stable clones generated. 
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A) 

 
 
B) 

 
Figure 13 – Secondary screening of 8 stable clones. GFP expression by flow cytometry 
represented as (A) a scater plot and as (B) a histogram depicong the percentages of GFP+ 
labeled cells. 
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Table 3 – Secondary screening of GFP expression in 8 stable clones. Average percentages 
of GFP+ populaoon as measured by flow cytometry. (n = number of repeats) 
  
 
A) 
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B) 

 
C) 

 
 
Figure 14 – (A) Representaove image of bioluminescence detecoon of luciferase labeled 
clones at the indicated concentraoons. (B) Graph of quanotaove bioluminescent signal 
(photons/sec) of UM-SCC47 ffLuc-eGFP clones in each well. (C) Plot of linear relaoonship 
between the cell number and bioluminescent intensity detected, and linear regression 
calculated for the line of best fit. 
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Dose-Finding Study: 

Before proceeding to the efficacy experiment, we opomized the concentraoon of 

GA-OH in vivo to a tolerable dose in mice. Our inioal GA-OH dose was selected based on 

the literature search of a parent analog compound, gambogic acid (GA), which yielded 5 

mg/kg as relaovely tolerable in rodents (Jia, Li, Hu, Zhu, & Chen, 2015; Qi et al., 2008). 

However, when we tested this concentraoon with our lead molecule, GA-OH, we observed 

some toxicity. The day following the first injecoon, the animals presented with swelling, 

redness, and tenderness at the injecoon site (Figure 15a). We therefore tested two lower 

dosages of GA-OH: 3 mg/kg and 1 mg/kg. The GA-OH concentraoon of 3 mg/kg soll 

manifested reacoons and minor irritaoons to the treatment (Figure 15b). Hence, we 

focused next on dosages below 2 mg/kg with a goal of finding a dose more tolerable and 

manageable in mice (Figure 15c). We were able to conclude that concentraoons below 1 

mg/kg were non-toxic to animals, therefore we proceeded with 0.6 mg/kg as a dose 

predicted to minimize toxicity and maximize efficacy (Figure 15d).   
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C) 

 
 
 
D) 

 
 
 
Figure 15 – GA-OH dose response study. Representaove picture of mouse treated with 5 
mg/kg (A) and 3 mg/kg (B) of GA-OH. Lower GA-OH dosage range tested (C). Selected GA-
OH concentraoon for the anotumor efficacy study (D).  
 
 



 110 

GA-OH Anatumor Efficacy Experiment 

To determine efficacy, we injected the selected clone, UM-SCC47-ffLuc-eGFP Clone 

#14, in the mice to create xenogrars and began the treatment regimen as outlined in 

Figure 3, a week arer tumor injecoon. Groups consisted of: A) Vehicle B) GA-OH alone C) 

Cisplaon alone D) Cisplaon + GA-OH E) Cetuximab alone F) Cetuximab + GA-OH (Figure 

16a). On day 1, GA-OH or vehicle (saline) was administered; and on Day 2, an addioonal 

chemotherapeuoc agent (10 mg/kg cetuximab or 5 mg/kg cisplaon) was administered 

intraperitoneally in addioon to the small molecule. No injecoons were made on Day 3, 

and this 3-day cycle was repeated 5 omes (for a total of about 2 ½ weeks) (Figure 16b). At 

the end of the omeline, we sacrificed the remaining mice through CO2 narcosis followed 

by exsanguinaoon.  
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A) 

  
 
 
 
B) 
 

 
 
 
 
Figure 16 – (A) Group of treatments. (B) Scheme of treatment omeline. 
  



 112 

Caliper Measurements:  

Tumor growth was monitored by both caliper measurements and using the IVIS 

Lumina III. Based on our caliper measurements, we were able to conclude that as 

anocipated, tumors grew in a relaovely linear manner in control animals, indicaong a 

funcoonal in vivo model. Addioonally, both groups treated with cetuximab (single or in 

combinaoon with GA-OH) not only slowed but regressed tumor growth. Moreover, we 

found that GA-OH alone did not slow HNSCC tumor growth. However, when GA-OH was 

paired with cisplaon, it enhanced the efficacy of cisplaon. These tumor paterns can be 

visualized quanotaovely through the growth curves (Figure 17a). When we analyzed the 

addioon of GA-OH in each of the chemotherapeuoc regimens before and immediately 

arer the treatment period, cisplaon was the only combinaoon treatment where we 

observed a difference compared to its single treatment (Figure 17b). To determine the 

level of enhancement by the combinaoon of GA-OH and cisplaon compared to cisplaon 

treatment alone, we further analyzed the curves through the Generalized Least Squares 

Regression (GLSR). 
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A) 
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B) 

 
 
 
 
 
Figure 17 – Anotumor Efficacy Study. (A)  Tumor growth curve. (B) Tumor measurements 
before (Day 1/Day 1) and immediately arer the treatment regimen (Day 16/Day 1), as 
represented relaove to tumor measurements before treatment.  
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Three group comparisons were performed: 1. Cisplaon + GA-OH compared to 

Vehicle, 2. Cisplaon + GA-OH compared to Cisplaon, and 3. Cisplaon + GA-OH compared 

to GA-OH. For data visualizaoon purposes, tumor size linear regression for each group 

over six follow up ome points are shown in Figure 18 for each of the three group 

comparisons. 

The effects of group assignment, ome, and group assignment over ome interacoon 

for each comparison are displayed in Table 1. As expected, no significant differences in 

baseline tumor size were observed between groups in any comparison ( [1] p = 0.0405, 

(Moore & Mehta) p = 0.0954, [3] p = 0.9251). In all groups, a significant increase in tumor 

size was observed over ome ([1] p = 0.0000, (Moore & Mehta) p = 0.0000, [3] p = 0.0013). 

In all comparisons, tumor growth rate was significantly lower in group D (Cisplaon + GA-

OH) ([1] p = 0.0009, (Moore & Mehta) p = 0.0001, [3] p = 0.0130). 

 

Group Comparison 1: Cispla`n + GA-OH (D) versus Vehicle (A) (Figure 18a) 

No significant differences in tumor size were observed between groups at treatment 

inioaoon (Day 1) (p = 0.0405). There was however a significant increase in Tumor Size over 

ome in both groups (63.757 mm3 per day, **** p = 0.0000). The Group x Time interacoon 

was also significant, with the Cisplaon + GA-OH group displaying -16.179 mm3 less tumor 

growth per day than the Vehicle group (*** p = 0.0009). 
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Group Comparison 2: Cispla`n + GA-OH (D) versus GA-OH (B) (Figure 18b) 

No significant differences in tumor size were observed between groups at treatment 

inioaoon (Day 1) (p = 0.0954). There was however a significant increase in tumor growth 

over ome in both groups (95.201 mm3 per day, **** p = 0.0000). The Group x Time 

interacoon was also significant, with the Cisplaon + GA-OH group displaying -24.419 mm3 

less tumor growth per day than the GA-OH group (**** p = 0.0001). 

Group Comparison 3: Cispla`n + GA-OH (D) versus Cispla`n (C) (Figure 18c) 

No significant differences in tumor size were observed between groups at treatment 

inioaoon (Day 1) (p = 0.9251). There was however a significant increase in tumor growth 

over ome in both groups (115.781 mm3 per day, ** p = 0.0013). The Group x Time 

interacoon was also significant, with the Cisplaon + GA-OH group displaying -33.718 mm3 

less tumor growth per day than the Cisplaon group (* p = 0.013). 
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Figure 18 – GSLR Staosocal Analysis of treatment groups: (A) Cisplaon + GA-OH (D) vs. 
Vehicle (A) , (B) Cisplaon + GA-OH (D) vs. GA-OH (A), (C) Cisplaon + GA-OH (D) vs. Cisplaon 
(C). Generalized least squares regression was used to assess the effects of ome, group, 
and group ome interacoon on tumor size. Coefficient parameters for each group 
comparison are displayed in Table 4. 
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Table 4: The Effects of Group, Time, and Group x Time Interacoon on Tumor Size  

Group Comparison 1: Cisplaon + GA-OH (D) versus Vehicle (A) 

Effect  Value p-value  

Group  84.564  0.0405 

Time  63.756  0.0000  

Group x Time  -16.179  0.0009 

  

Group Comparison 2: Cisplaon + GA-OH (D) versus GA-OH (B) 

Effect  Value p-value  

Group  104.296  0.0954 

Time   95.201  0.0000  

Group x Time  -24.419  0.0001  

  

Group Comparison 3: Cisplaon + GA-OH (D) versus Cisplaon (C) 

Effect  Value  p-value  

Group  182.958  0.9251 

Time   115.781  0.0013  

Group x Time  -33.718  0.0130 
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Chemiluminescence Measurements:  

For BLI measurements, sequence image acquisioons were started 13 minutes arer 

luciferase substrate injecoon to ensure consistent photon flux, as determined from 

bioluminescence imaging kineoc studies in the same xenograr model. Based on the BLI 

kineocs in our xenograr model, firefly luciferase was shown to peak at around 16 minutes 

on average (Figure 19a). Therefore, for the tumor inhibioon study, we omed our 

acquisioon omes to start at 13 minutes arer luciferin injecoon and captured a sequence 

of 37 images, which lasted for about 6 min.  

We opomized BLI measurements by adjusong the binning, exposure omes, mode 

of substrate administraoon, luciferin concentraoons, and acquisioon omes. However, we 

were unable to produce mathemaocally coherent tumor sizes that aligned with our caliper 

measurements. For this reason, tumor curves from BLI signal are unavailable, though we 

have provided BLI images of the growth of tumors in representaove individual mice for 

visualizaoon purposes (Figure 19b). Further opomizing BLI measuring and imaging tools 

remains a goal for future animal studies.  
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A) 
 

 
 
B) 

 
 
Figure 19 – (A) Representaove BLI kineoc measurements of HPV+ UM-SCC47 tumors in a 
HNSCC xenograr model. (B) Representaove mice BLI images of tumor growth over ome 
for each treatment group (Mouse N24 represents Group A; mouse H52 represents Group 
B; mouse T37 represents Group C; mouse X53 represents Group D; mouse N34 represents 
Group E; mouse Y45 represents Group F) 
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GA-OH Toxicity Results: 
 

We performed clinical observaoons for any changes indicaove of declining health, 

and watched for signs of toxicity including hunched posture, lethargy or severe weight 

loss. Based on these assessments, physical or behavioral observaoons were deemed 

acceptable with no overt signs of toxicity noted. For example, a significant decrease in 

weight is indicaove of toxicity, and we found that mice from each group had relaovely 

minor variance in weight with no significant differences noted (Figure 20a). Moreover, the 

evaluaoon of major internal organs (liver, kidneys, and spleen) post-mortem showed no 

toxicity and relaovely consistent organ weight between the treatment groups (Figure 20b). 

We noted that one mouse in the cetuximab treated group had an enlarged liver upon 

gross necropsy. Upon close observaoon, we noted that this same mouse also appeared to 

have very elevated levels of Alanine Transaminase (ALT), as indicated in Figure 21a. 

We also performed hematological and clinical chemistry tests on blood collected 

immediately arer euthanasia. The complete blood count panel had minor changes when 

comparing treatment regimens, but no significant disparity overall (Table 5). The toxicity 

chemistry panel showed small variaoons between treatments (Table 6), except when it 

came to  aspartate aminotransferase (AST) (** p = 0.0057) and creaone kinase (CK) (**** 

p < 0.0001), which were significantly higher in the Cisplaon + GA-OH group (D) compared 

to vehicle (A) (Figure 21a). Addioonally, when compared with the single-treated cisplaon 

(C), the combined treatment (D) had an appreciable elevaoon of AST that did not reach 

staosocal significance (p = 0.1265). However, creaone kinase cononued to exhibit a highly 

significant increase in group D vs. group C (*** p = 0.0005) (Figure 21b).  
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B) 

  

 

 
Figure 20 – GA-OH Toxicity Results. (A) Body weight for each treatment group. (B) Major 
internal organ weight for each treatment group and the organ/body weight raoo. 
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Table 5 – Hematological Test: Complete Blood Count panel 
 

 
Table 6 – Serum Chemistry Toxicity Panel of each treatment group 
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A) 
 

 
 
 
 
B) 

 
 
Figure 21 – Chemistry panel. (A) Levels of Creaone Kinase (CK), Aspartate 
Aminotransferase (AST), and Alanine Transaminase (ALT) for each treatment group. (B) 
Levels of CK and AST between groups C vs D. 
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Discussion 

The targeted therapy cetuximab is a monoclonal anobody targeong the epidermal 

growth factor receptor (EGFR), and HNSCC is frequently known to have an overexpression 

of EGFR (Ayuso et al., 2019; Luedke et al., 2012; Solomon, Young, & Rischin, 2018). It is 

parocularly used for metastasis and recurring HNSCC. Cetuximab acceptable dosages in 

rodents ranged between 4-40 mg/kg, according to previous studies (Steiner et al., 2007). 

Cetuximab is an EGFR antagonist, and studies have shown that UM-SCC47 cells  express 

EGFR (Husain et al., 2012; Khanal et al., 2018). Hence, our study has demonstrated very 

high efficacy with cetuximab in our HPV+ HNSCC xenograr model established through UM-

SCC47 tumor injecoons, consistent with findings reported in similar studies of xenogrars 

from different disease models (Kwon et al., 2014). Interesongly, there is conflicong clinical 

evidence of whether cetuximab is effecove in either HPV+ or HPV- paoents (Mirghani & 

Blanchard, 2018). Cetuximab was widely used in the 2000’s, however cisplaon has been 

shown to have beter response in terms of paoent outcome and survival and remains the 

first line standard of care (Krishnamurthy et al., 2022). In opomizing the concentraoons of 

cisplaon, we found in the literature that it was tolerable to mice between the ranges of 1-

10 mg/kg (Johnsson & Wennerberg, 1999). Because we wanted to test the efficacy of 

combinaoon treatments, we selected dosages in the mid- and lower ranges to observe 

the effect of any combined treatments. Moreover, by using a lower dose of cisplaon, we 

were anocipaong that the side effects of the cytotoxic agent on paoents; i.e. vomiong, 

diarrhea, dry mouth, and hair loss; would be minimized.  
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We found cetuximab to be very efficacious in regressing and eliminaong tumor 

growth, to the extent that we were unable to delineate GA-OH’s effect in the combinaoon 

treatment when compared to cetuximab treatment alone. In the case that we may use 

cetuximab in the future, we would consider a lower dosage to discern an amplificaoon 

effect when combined with lead molecules. Based on the tumor growth curve, GA-OH 

alone was shown to have litle to no effect on tumor growth, indicaong low toxicity and 

low efficacy by itself, as expected. As expected, we also found that cisplaon significantly 

slowed tumor growth. Furthermore, when GA-OH was administered with cisplaon, the 

combinaoon significantly amplified the effect of cisplaon in vivo (* p = 0.013), confirming 

our inioal predicoon. Furthermore, we were able to demonstrate that our tumor growth 

model was funcoonal, and the xenograr model established in our lab is apt for future 

small molecule tesong. Previous bench experiments in our lab have shown that small 

molecule inhibitors of E6 could sensioze HPV+ cells in combinaoon with chemotherapy in 

vitro, and the animal study described here has provided proof of concept that inhibiong 

E6 can reduce tumor growth in combinaoon with chemotherapy in vivo. This has 

strengthened the  evidence that a combinaoon of a small E6 inhibitor with chemotherapy 

may be a feasible therapeuoc approach. 

Regarding the toxicity of GA-OH, concentraoons above 2mg/kg manifested visible 

reacoons of redness of skin, inflammaoon, tenderness, and swelling of the skin at the site 

of injecoon in the dose-response study. These reacoons to GA-OH were evident within 24 

hours and most apparent at 5mg/kg dosages (Figure 15a). Arer a series of lower dosage 

tesong between 0.25 mg/kg and 2 mg/kg, we narrowed down the higher end of doses 
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likely to be nontoxic between 0.5 and 0.75 mg/kg (Figure 15c). The 0.75 mg/kg 

concentraoon accounted for some minor signs of toxicity in the form of ony tumor 

ulceraoons and cavitaoons, while no visible signs were evident in dosages of 0.5 mg/kg 

GA-OH. In search for the highest dose that would fail to demonstrate toxicity, we selected 

0.6 mg/kg of GA-OH for our tumor inhibioon study. 

The toxicity of each treatment group was further evaluated during the anotumor 

efficacy study. Physical and behavioral assessments were found to be mostly normal. All 

full body weights as well as the weight of major internal organs appeared to be within the 

acceptable parameters, with the excepoon of one mouse in the cetuximab treated group 

which was observed post-mortem to have hepatomegaly. Upon delving into the serum 

chemistry test of this mouse, the toxicity results were mostly within range except for a 

very elevated level of ALT (179U/L, [normal ranges 19-58U/L]), indicaong severe liver 

injury. Liver damage can be caused by liver infecoon or drug toxicity, among other causes. 

Cetuximab is shown to cause hepaoc enzyme elevaoon but no clinical liver injury. Since 

only one mouse in the treatment group exhibited an enlarged liver and elevated levels of 

ALT, there is not enough evidence to know whether any liver injury was due to the 

cetuximab treatment.  

Blood chemistry comparison and analysis between the treatment groups 

demonstrated higher levels of CK (2264 U/L, **** p < 0.0001) and AST (415 U/L, ** p = 

0.0057) in the combined cisplaon and GA-OH treated group as compared to vehicle 

(Figure 21a). AST is another liver enzyme that may indicate liver damage at very elevated 

levels. When we compared the levels of the combined group to the cisplaon single treated 
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group, CK cononued to be significantly higher (*** p = 0.0005) (Figure 21b). Creaone 

kinase is an enzyme prevalent in skeletal muscle that plays a key role in high energy 

phosphate metabolism (Roman, Wieringa, & Koretsky, 1997), and it is a biomarker of 

muscle damage or intense exercise (Kim & Wierzbicki, 2021). In extreme cases 

(>5000IU/L), rhabdomyolysis, a rare muscle disease where the muscles break down, 

followed by acute kidney injury is diagnosed. Elevated CK levels can also emerge from drug 

interacoons that are metabolized through the cytochrome P450 3A4 pathway (Kim & 

Wierzbicki, 2021). Lipid lowering drugs such as staons are commonly known to raise the 

levels of CK in paoents. Other drugs that might elevate CK are anoretrovirals and oncologic 

drugs such as BRAF inhibitors and PD-L1 inhibitors (Kim & Wierzbicki, 2021). Interesongly, 

cisplaon has also been shown to be metabolized or cleared systemically through 

cytochrome P450 (CYP) CYP3A and to increase muscle wasong (Conte et al., 2020; 

Goldstein et al., 2013). Addioonally, GA, the parent analogue of GA-OH, is known to be a 

potent inhibitor of CYP3A4 (W. Liu et al., 2015), affecong drug interacoons by concomitant 

drug clearance and metabolism reducoon, and thus enhancing the drug’s toxicity as well 

as its therapeuoc effect (Conte et al., 2020; Scripture, Sparreboom, & Figg, 2005). GA has 

been widely studied and researched over the last couple of decades as a cancer 

therapeuoc opoon, more generally in breast, lung and liver cancer (Hatami, Jaggi, 

Chauhan, & Yallapu, 2020). In addioon, preclinical and clinical evidence have indicated 

that GA has anotumor effects on several cancers, including breast cancer, lung cancer, 

prostate cancer, ovarian cancer, glioma, melanoma, head and neck cancer and cervical 

cancer (Banik et al., 2018). Furthermore, GA has demonstrated to have chemo 



 130 

sensiozaoon effects on several cancer types, and thus garnered interest as an ano-cancer 

agent in combinatorial therapies (Banik et al., 2018). Addioonally, Wang et al. has shown 

that GA specifically increases cisplaon’s chemotherapeuoc effect in non-small cell lung 

cancer (Wang et al., 2014). Therefore, we speculate that when GA-OH, a derivaove of the 

P450 inhibitor gambogic acid, is combined with the cytotoxic agent cisplaon, clearance of 

cisplaon is reduced, leading to an elevated plasma concentraoon of cisplaon in the body. 

Hence, cisplaon’s chemotherapeuoc effect as well as its toxicity became evidently more 

pronounced in our study, increasing its anotumor efficacy as well as its muscle wasong 

toxicity, indicated through CK’s significant elevaoon. This finding warrants further analysis 

with a larger sample to confirm the results. We will keep this toxicity marker in mind as 

we perform any future experiments pairing GA-OH and cisplaon together. In conclusion, 

behavioral and physical assessment, body weight, organ necropsy, and blood tests, with 

the possible excepoon for CK, all pointed towards lack of significance toxicity and 

predicong tolerance. 

Future studies combining different HNSCC treatment therapies in the mouse 

xenograr would corroborate our hypothesis. Our lab has shown that combined GA-OH 

treatment enhances radiotherapy efficacy in vitro (Chitsike et al., 2023). Consequently, 

translaong this study into an in vivo context would further validate our working model. 

We have also established a cervical cancer model that can test small compounds in an 

HPV+ cervical cancer xenograr. Evaluaong the small compound’s efficacy in this model 

could demonstrate GA-OH’s versaolity in combaong other HPV malignancies in vivo.  This 

small molecular therapy approach has also been shown to display low toxicity at low 
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concentraoons, allowing for reduced concentraoons of cytotoxic agents that could 

potenoally lower side effects, all while increasing the effecoveness of chemotherapy. 

Addioonally, GA-OH would further need to be developed to improve potency and drug-

likeness for clinical purposes. The limited number of effecove therapies for HNSCC 

provides impetus for developing an effecove, safe and targeted therapy for HPV paoents. 

For these compelling reasons, efforts to cononue to opomize the safety and effecoveness 

of GA-OH and other small molecule E6 inhibitors remain prioriozed. Such cononued 

endeavors to develop innovaove and effecove therapeuoc approaches to combat HPV 

infecoon and its associated malignancies will considerably impact not only therapeuocal 

but funcoonal outcomes in this subset of HPV paoents. 
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CHAPTER FOUR 
 

OVERVIEW & FUTURE DIRECTIONS 
 

Overview 

The objective of this study was to test E6 small molecule inhibitors in an in vivo, 

HPV+ HNSCC tumor xenograft model that we will establish. Our hypothesis was that small 

molecule E6 inhibitors would increase the effectiveness of HPV+ HNSCC therapy. First, we 

developed a system in which we could effectively test small molecules in vivo. We 

accomplished this by expanding our cancer xenograft model to incorporate an HPV+ 

HNSCC model in addition to our existing cervical cancer model. Moreover, we enhanced 

the animal model to facilitate engraftment and produce more consistent tumor growth 

by using Matrigel. We also applied state-of-the-art luciferase reporter technology to 

visualize the tumors in real time in vivo.  

Our lab has previously identified caspase 8 as a target of the HPV E6 oncoprotein 

(Tungteakkhun et al., 2010), joining previously identified molecules such as p53 on the list 

of molecules and pathways affected by HPV. Our lab also established a high-throughput 

screen assay using AlphaScreen technology to assess the interactions of small molecules 

in the context of these binding events. A query of a 2,000-compound library (ActiProbe 

2K, from TimTec, LLC) , identified spinacine as a lead compound. After significant in vitro 

assessments and cell culture testing (Yuan et al., 2016), we made the transition to test 

the small molecule inhibitor in an animal model. In this study, as reported here, spinacine 

was not toxic to mice at doses up to and including 20 mg/kg. In this first in vivo tumor 
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inhibition study, however, spinacine did not  yield evidence of significant efficacy either 

alone or when combined with apoptotic agents in vivo (Chapter two).  

Subsequently, our lab continued screening small molecule libraries to identify 

other E6 inhibitors. The 5K compound library from Kansas University yielded a new 

compound, gambogic acid. Further analyses led to an analog that was more effective, GA-

OH (30-hydroxygambogic acid). GA-OH displayed higher specificity and effectiveness than 

our previous lead molecules in vitro, making it a more promising candidate. After Dr. 

Chitsike provided proof of principle that GA-OH was able to upregulate apoptotic 

mediators and sensitize HPV-infected cells in vitro (Chitsike et al., 2021), we proceeded to 

test this small molecule in an animal model.  

Our animal studies included a dose-finding experiment that demonstrated GA-OH 

doses above 2 mg/kg to be toxic to mice but found the compound to be tolerable in doses 

below that. Furthermore, the antitumor efficacy study demonstrated that GA-OH alone 

did not reduce tumor growth; however, in combination with chemotherapy, GA-OH could 

significantly enhance the effectiveness of cisplatin (Chapter three). This combined 

treatment revealed that most measured parameters did not change from control levels, 

though a couple of blood chemistry results demonstrated elevated levels of aspartate 

aminotransferase (AST) and creatine kinase (CK) compared to other treatment groups. 

Compared to the cisplatin treated group, the combined treatment group displayed an 

appreciable increase only in AST, while CK continued to be significantly elevated, 

warranting a larger sample of GA-OH and cisplatin paired treatments to confirm (or fail to 

confirm) these findings. No other toxicological assessments or parameters indicated a 
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decline in health in rodents. In this study, we were able to characterize GA-OH in vivo, 

including its optimal dosage, toxicity endpoints and tumor efficacy. We were also able to 

optimize other protocol parameters, such as dosages of the chemotherapeutic agents in 

these xenograft models, and the maximal BLI of luciferase-labeled tumors through 

kinetics measurements. In addition, we expanded the basement membrane matrix to 

include Cultrex as a suitable agent for xenograft tumor growth. This study has established 

the conceptual framework that small molecule E6 inhibitors can reduce HPV+ tumor 

growth in vivo when paired with chemotherapy. Further development of the effectual 

translation from the bench to the animal model will provide more insights of GA-OH 

activity and potentially create more opportunities to advance this compound towards the 

clinical setting.  

Review Update 

Since our publicaoon of a review of therapeuoc treatments and screening 

strategies (Chapter one), several notable advancements have been made in the field. The 

number of clinical trials for de-intensificaoon of specifically HPV HNSCC has significantly 

increased over the last several years, as have the number of novel and targeted therapies 

developed and tested for HPV HNSCC. Currently, radiotherapy and chemotherapy remain 

the gold standard for paoents with locally advanced stages or recurrent and metastaoc 

disease (Sun et al., 2021), and radiotherapy or surgery single treatments are encouraged 

at early stages of disease progression based on NCCN. Standard of care for recurring 

cancer mainly includes chemotherapy, immunotherapy with PD-1-inhibitors, and a 
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targeted monoclonal therapy, cetuximab, all as either monotherapies or as a combinaoon 

of these opoons (Ghosh et al., 2022).  

Several papers have demonstrated favorable outcomes for minimally invasive 

surgical techniques, specifically transoral robooc surgery (TORS), indicaong an overall 

survival of 80% in HPV paoents (Pinkiewicz, Dorobisz, & Zatonski, 2022). Moreover, de-

intensificaoon radiotherapy clinical trials such as ECOG 3311, OPTIMA, and Checkrad-CD8 

have resulted in posiove outcomes in lowering dosages for HPV-associated paoents (Sun 

et al., 2021; X. Zhou & Wang, 2022), and studies tesong intensity modulated radiotherapy 

(IMRT) has also corroborated the excellent outcomes in this subset of paoents (Zorzi et al., 

2022). Cisplaon remains the first line standard of care for the treatment of the HPV subset 

of HNSCC paoents arer demonstraong higher efficacy than cetuximab in several clinical 

studies (Gillison et al., 2019). Mulople trials tesong the efficacy of cisplaon in combinaoon 

with other chemotherapeuoc drugs or modalioes are currently underway, such as 

EXTREME and ECOG 1308 (Ghosh et al., 2022). Due to cisplaon’s cytotoxicity and 

deleterious side effects, the idenoficaoon of other agents with less toxicity remains an 

important goal.  

 In terms of vaccines, the 2020 approval of the nonavalent prophylacoc vaccine, 

Gardasil 9, for the prevenoon of several HPV cancers including HNSCC, has been a major 

step in the prevenoon of HPV-induced HNSCC, with a vaccine efficacy of 88-93.3%, and a 

populaoon-level effect of 17% due to low uptake (Diana & Corica, 2021; Liao et al., 2022; 

J. Z. Zhou et al., 2021). Therapeuocally, vaccines have demonstrated limited efficacy as a 

monotherapy. However, the combinaoon of therapeuoc vaccines with other modalioes 
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has emerged to suggest higher effecoveness (Yan, Cowell, Tomkies, & Day, 2023). A few 

vaccines, such as ADXS-HPV and UCPVax, are now in clinical trials (Sun et al., 2021; Yan et 

al., 2023) 

Several novel therapies have emerged in the areas of targeted therapies and 

immunotherapies. Targeted therapies that inhibit the PI3K/AKT/mTOR pathway, EGFR 

signaling, VEGF signaling, FGFR signaling, MEK/ERK signaling, MET signaling, CDK4/6 

signaling, and Notch signaling, to name a few, have been developed (Li et al., 2023). A 

number of these inhibitors such as those that target PI3K/AKT/mTOR, have made it to 

clinical trials in Phase I/II (Ghosh et al., 2022).  

Immune checkpoint inhibitors (ICI) have created a therapeuoc niche following the 

approval of PD-1 inhibitors nivolumab (2016) and pembrolizumab (2019) as a frontline 

treatment for HNSCC for both HPV posiove and negaove HNSCC.  Such results have shired 

research toward immunotherapy in clinical studies (Ghosh et al., 2022; X. Zhou & Wang, 

2022). ICI play a key role in interfering with the interacoons between inhibitory receptors 

and their ligands, including programmed cell death protein 1 (PD-1) and programmed 

death-ligand 1 (PD-L1), cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), and others 

(Damasio, Nascimento, Andrade, de Oliveira, & Calzavara-Silva, 2022; X. Zhou & Wang, 

2022). Programmed death-1 (PD-1), a member of the CD28 receptor family, is expressed 

on acovated immune cells such as T-cells, B-cells, monocytes, and dendrioc cells (Damasio 

et al., 2022; Ghosh et al., 2022). When the ligand PD-1L binds and acovates PD-1, it impairs 

and exhausts the immune system, thereby inhibiong anocancer responses of tumor-

infiltraong lymphocytes and allowing tumor cells to evade immune surveillance. A myriad 
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of clinical trials tesong combinaoons of ICI with other modalioes are currently underway, 

including KEYNOTE-012 & 048 and CheckMate 141 & 358 (Ghosh et al., 2022; X. Zhou & 

Wang, 2022). 

Cetuximab, known as a targeted and less toxic chemotherapeuoc agent than 

cisplaon, has been widely tested for de-intensificaoon chemotherapy strategies in the 

subset of HPV+ HNSCC. It was approved for the treatment of HNSCC back in 2006, based 

on some promising results in combinaoon with radiotherapy (Li et al., 2023). However, 

clinical studies such as RTOG 1016 (Gillison et al., 2019), De-ESCALaTE (Mehanna et al., 

2019), and TROG12.01 (Deschuymer, Mehanna, & Nuyts, 2018)  have rendered the 

judgement that cetuximab is unable to improve HPV+ HNSCC paoents’ prognosis (Gillison 

et al., 2019; Sun et al., 2021). Studies have shown that viral oncoprotein E5 interacts with 

EGFR, upregulaong the EGFR pathway (Ilahi & Bha�, 2020), making EGFR antagonists 

ineffecove in treaong HPV infected cells. Another study atributed the chemoresistance of 

cetuximab to the ErbB protein and ligand mutaoons and aberraoons of other downstream 

signaling components. (Ghosh et al., 2022; Yamaoka, Ohba, & Ohmori, 2017). Nantajit et 

al. has researched the disparate results from cetuximab in human vs. mice, with results 

poinong to a MAPK-independent pathway, the microRNA-9-5p and BRD4 axis. These 

researchers found that EGFR overexpression downregulates BRD4 and subsequently the 

oncoprotein E6 and E7 in HPV HNSCC. They suggested that rodents have a microRNA-9-

5p that regulates the expression of BRD4 in tumor cells, leading to a beter response in 

EGFR targeted tumor cells (Nantajit, Presta, Sauter, & Tavassoli, 2022).  Such effects may 
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explain our findings of high efficacy in mice despite disappoinong results from human 

trials. 

Future Directions 

We plan to continue studies that will validate or invalidate the viability of GA-OH 

as a clinical prospect. Our lab has demonstrated that GA-OH partnered with radiotherapy 

is effective in HPV+ HNSCC (Chitsike et al., 2023). Testing this combination modality in a 

xenograft model would further corroborate the in vitro findings and create more 

treatment options for GA-OH in HNSCC patients. We would also consider other 

chemotherapeutic agents for HNSCC as combination partners in the future, such as 

carboplatin, another platinum-based therapy, 5-fluorouracil, or paclitaxel, which are all 

commonly used and recommended by the National Comprehensive Cancer Network 

(NCCN). 

We also plan to extend our findings using patient derived samples to test the 

efficacy of GA-OH. Patient-derived primary samples would better represent the clinical 

situation than do cells from longer-term cultures, such as UM-SCC47. Furthermore, we 

would be able to own the intellectual and property rights for such a cell line if we 

proceeded to the clinical development of GA-OH. So far, our lab has successfully 

established an HPV-negative patient-derived cancer sample, and we are working to 

acquire and culture more HPV+ cancer cells in the near future. Moreover, we have also 

established a cervical cancer xenograft model that can test the efficacy of GA-OH in an 

HPV-associated cancer other than HNSCC. If GA-OH continues to show efficacy in the 

other disease models, we would consider addressing HPV malignancies that are on the 



 139 

rise, such as anal and vulvar (Cavallo, 2021; Liao et al., 2022). Efficacy across all types of 

cancers would broaden our spectrum and create an all-encompassing antiviral therapy 

for many HPV-associated tumors.  

In terms of the mechanism of acoon of GA-OH, we are planning to examine 

changes in gene expression when HPV+ and HPV– cell lines are treated with GA-OH. If we 

continue to focus on pre-clinical development, one other question we want to answer 

includes an assessment of the activity of GA-OH against other subtypes of HPV. UM-SCC47 

contains HPV type 16, which accounts for 80% of HNSCC (Ursu et al., 2022), and all 

experiments so far were tested on HPV-16 positive cell lines. Comparing effectiveness 

between HPV-18, which is the second most common type of HPV in HNSCC, and HPV-16 

would elucidate the selectivity of GA-OH in these subtypes. Additionally, with the help of 

a medicinal chemist, we will consider optimizing GA-OH’s structure for higher efficacy in 

the clinic. Developing antiviral small molecular therapy for HPV patients would ameliorate 

the many challenges that this subset of patients experience, as well as improve their 

recovery, quality of life, and therapeutical outcomes. 
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