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HPV PROTEINS

• E1: Viral replication; maintains episome
• E2: Transcriptional regulation, co-factor for viral replication
• E4: Disrupts cytokeratins
• E5: Interacts with growth factor receptors
• E6: Transforming protein; p53 degradation
• E7: Transforming protein; Rb binding
• Genes L1 and L2 are coding for major and minor capsid proteins 

respectively
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expression in cervical cancer cell lines typically results in
several-fold inhibition of proliferation

Goodwin EC, Dimaio D: Repression of human papillomavirus oncogenes in HeLa cervical
carcinoma cells causes the orderly reactivation of dormant tumor suppressor pathways
PNAs, 2000

Psyrri et al: Role of the retinoblastoma pathway in senescence triggered by repression of
the human papillomavirus E7 protein in cervical carcinoma cells Cancer Res, 2004
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p53 and pRb restoration with E6/E7 shRNA
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CONCLUSIONSCONCLUSIONS

• Continued expression of E6 and E7 is required to maintain the 
proliferative state of HPV-associated oropharyngeal squamous 
cancer cells

• Repression of E6 and E7 oncogenes results in reactivation of 
the p53 and Rb tumor suppressor pathways and in apoptosis
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Clinical,Pathologic and Molecular Progression of tobacco-associated HNSCC
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• Expression of p53, p16 and retinoblastoma (Rb) proteins  
was determined using quantitative fluorescent
immunohistochemistry (IHC) on a tissue array composed of 
the cohort of oropharyngeal cancers. For p16, conventional 
IHC was also performed

Tissue MicroarraysTissue Microarrays

DolledDolled--Filhart and Rimm (2002) Principles and Practice of Oncology: Technology UpdateFilhart and Rimm (2002) Principles and Practice of Oncology: Technology Update
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• Molecular (not morphologic) quantification
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PROTEIN EXPRESSION

– DEFINES A REGION OF INTEREST (Tumor) by Binary Masking

– DEFINES COMPARTMENTALIZATION

– GENERATES QUANTITATIVE ANALYSIS OF TARGET 
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Camp RL, Chung GC, Rimm DL. “Automated subcellular localization and 
quantification of protein expression in tissue microarrays” Nature Medicine 8(11). 
November 2002.

AQUAAQUA

Results: Patient DemographicsResults: Patient Demographics
N = 107
n    (%)

Tumor Type
Primary
Recurrent

91  (85)
13  (12)

TNM StageTNM Stage
II
III
IV

14  (13)
33  (31)
60  (56)

Alcohol Use
Social or none 18  (17)

Tobacco Use
Remote or none 11  (10)
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HPV-16 Viral LoadHPV-16 Viral Load

60% had viral load

>1 in 10 cells

Local RecurrenceLocal Recurrence

P = 0.51

Overall SurvivalOverall Survival

P = 0.057
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Protein Expression: p16Protein Expression: p16
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Based on HPV positivity and p16 protein 
expression tumors were classified into 3 

categories

Based on HPV positivity and p16 protein 
expression tumors were classified into 3 

categories

• Class I: HPV negative, p16 low• Class I: HPV negative, p16 low
• Class II:  HPV positive, p16 low
• Class III: HPV positive, p16 high
• Class II:  HPV positive, p16 low
• Class III: HPV positive, p16 high

Local Recurrence: by p16/HPVLocal Recurrence: by p16/HPV



14

Disease-free survival by HPV classDisease-free survival by HPV class

Overall Survival by HPV classOverall Survival by HPV class

Clinicopathological CorrelationsClinicopathological Correlations

• HPV negative /p16 low (class I)

– Worse prognosis
Less likely to respond to initial therapy

• HPV negative /p16 low (class I)

– Worse prognosis
Less likely to respond to initial therapy– Less likely to respond to initial therapy

– More likely to report tobacco usage
– Higher T stage

– Less likely to respond to initial therapy
– More likely to report tobacco usage
– Higher T stage
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Clinicopathological CorrelationsClinicopathological Correlations

• HPV + / p16 Low (class II)
–Marked increase in local recurrence
–Lower TNM stage
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–Lower TNM stage

Clinicopathological CorrelationsClinicopathological Correlations

• HPV + / p16 High (class III)
– Improved survival / lower local recurrence
– Lower T stage / Higher N stage

M lik l t t t b

• HPV + / p16 High (class III)
– Improved survival / lower local recurrence
– Lower T stage / Higher N stage

M lik l t t t b– More likely to report no tobacco usage
– All primary tumor type
– Poorly differentiated histology
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Proposed Model of HPV-associated Oropharyngeal 
Cancer
Proposed Model of HPV-associated Oropharyngeal 
Cancer
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Conclusions Conclusions 

• HPV status in combination with p16 expression is useful in 
classifying oropharyngeal squamous cell carcinomas into 
biological distinct subgroups

• These subgroups have distinct molecular phenotypes
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• HPV positive tumors with high p16 expression have 
improved prognosis for  survival and local recurrence

• Clinical trials in patients with OSCC should stratify by p16 
expression/HPV DNA status or at least include them as a 
prognostic variable

Weinberger, PW, Z. Yu, C.Sasaki, D. Rimm and A. Psyrri: et al: JCO Feb 2006
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• p16 immunohistochemistry (IHC)
• HPV in situ hybridization
• HPV16 DNA in plasma 
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• Surrogate marker for HPV-associated tumor
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HPV ISHHPV ISH

• Episomal HPV DNA is evident by the 
complete nuclear staining pattern

• Episomal HPV DNA is evident by the 
complete nuclear staining pattern

• Integrated HPV virus is denoted by the 
single punctate staining pattern

• Integrated HPV virus is denoted by the 
single punctate staining pattern

P16 IHCP16 IHC

Prognosis of HPV-associated OSCCPrognosis of HPV-associated OSCC

• HPV-associated OSCC have improved prognosis 
compared to stage-matched HPV-negative tumors in the 
majority of studies

• HPV-positivity confers a 60% to 80% reduction in risk of 
death from cancer relative to comparably treated HPV-

• HPV-associated OSCC have improved prognosis 
compared to stage-matched HPV-negative tumors in the 
majority of studies

• HPV-positivity confers a 60% to 80% reduction in risk of 
death from cancer relative to comparably treated HPV-p y
negative tumors

• Studies that fail to show a better prognosis may be 
associated with the molecular heterogeneity of the HPV+ 

group
• Knowledge of the p16 protein status may clarify 

delineation of the proportion of HPV-induced 
oropharyngeal cancers

p y
negative tumors
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oropharyngeal cancers
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Treatment of HPV-associated OSCCTreatment of HPV-associated OSCC

• Similar to stage-matched non-HPV-associated ones 
• Organ-preservation strategies may be more successful in HPV-

associated OSCC than in HPV negative cancers* 
• ECOG conducted a trial of taxane-based induction and 

chemoradiation therapy for organ preservation, and outcome has 
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chemoradiation therapy for organ preservation, and outcome has 
been compared for HPV positive and HPV negative cases

• HPV+ (by ISH and multiplex PCR) patients had superior response 
rates after IC and CRT* 

• After a median follow-up of 39.1 months, HPV+ patients had a risk of 
progression 72% lower and a risk of death 79% lower than patients 
with HPV negative tumours after adjustment

*Fakhry C J Natl Cancer Inst 100:261-9, 2008
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• Prophylactic Vaccines

• Therapeutic vaccines
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• Antisense strategies• Antisense strategies
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• Recombinant L1 protein displaying neutralizing 
epitopes assembles into virus-like particles (VLPs) 
that resemble authentic virions but are non-
infectious
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infectious

• Two vaccines  targeting high-risk types 16 and 18 
are available

• These vaccines have been licensed in over 80 
countries and have received FDA license for 
prevention of CIN lesions and eventually cervical 
cancer
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Prophylactic vaccinesProphylactic vaccines

• These vaccines appear promising in reducing the 
incidence of HPV-associated oropharyngeal cancers 
considering the presence of HPV16 DNA in the vast 
majority of HPV16+ OSCC
A i l i i d i t HPV16 h d
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reduction in the development of HPV16+ oral lesions

• The impact of these vaccines on the incidence of 
persistent oral HPV infection in humans is unknown
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• The National Cancer Institute (NCI) is considering of 
introducing an oral HPV component to its follow-up 
study of women in Costa Rica who participated in a 
study of a prevention vaccine 
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