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1. INTRODUCTION 

The oral cavity, oropharynx, larynx, esophagus, and ano-genital orifices are lined 

with stratified squamous nonkeratinized epithelium, which forms the barrier between the 

underlying tissue and the external environment. The proliferative nature of this 

epithelium, together with its potential exposure to environmental insults such as tobacco 

carcinogens, alcohol, or oncogenic viruses, makes it susceptible to carcinogenesis. 

Indeed, carcinomas of stratified squamous nonkeratinized epithelium are among the 

most common and deadly cancers worldwide. In particular head and neck squamous cell 

carcinoma and cervical squamous cell carcinoma together account for about 1 million 

new cases annually, worldwide. These cancers arise from similar tissues and share 

common risk factors, although they differ in that effective population-based screening 

exists only for cervical cancer. 

1.1.0 Cervical Squamous Cell Carcinoma 

Cervical squamous cell carcinoma (CSCC) is a significant cause of mortality for 

women worldwide, with an annual incidence of -500,000 new cases and 273,000 deaths 

1
. This translates to a mortality rate of 5 deaths per 100,000 persons per year. In the 

United States, there are approximately 4,500 deaths per year attributable to CSCC, 

which translates to a mortality rate of 2 per 100,000 persons per year. The difference 

between the US and the world rates can be accounted for by the implementation of 

18 



Papanicolaou (Pap) smear screening, which has reduced mortality about four-fold in 

developed countries 2
•
3

• 

1.1.1 CSCC Etiology 

19 

Humap papillomavirus (HPV) infection is a necessary but not sufficient cause of 

cervical cancer •-7. HPV types that infect the human cervix can be divided into two 

groups. The high-risk HPV types are associated with cervical cancer, as well as a sub

group of head and neck squamous cell carcinomas, while the low-risk HPV types are 

not. Viral oncoproteins like HPV E6 and E7 induce degradation and deregulation of 

proteins essential to cell cycle and apoptosis signaling pathways (reviewed in 8
'
11

). For 

example, the E6 oncoprotein causes the degradation of the pro-apoptotic p53, while the 

E7 oncoprotein binds pRB, leading to the deregulation of E2F, and thus increased 

cellular proliferation. Viral infection is widespread, with a point prevalence of high risk 

types of viral DNA found in 15.2% in cervical swabs 12
. Other risk factors, such as 

smoking, have also been shown to contribute to the development of cervical cancer1
3-

15
• 

The incidence of high-risk type HPV infection is much greater than that of cervical 

cancer. Only some infections progress to cancer, and then only after a long latency 

period. The events that occur during latency that result in the progression of disease are 

incompletely understood. 

1.1.2 CSCC Screening and Its Effect on Survival 

Both the incidence and the mortality rate for cervical cancer are declining 16
. This 

is attributable to population-based screening by the Pap smear, which allows most 

lesions to be detected and treated either prior to transformation to carcinoma, or while 

the carcinoma is still localized to the cervix. 
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Pap smears are scored according to the Bethesda system, which is based on 

nuclear atypia, mitotic index, and altered cell morphology. Classifications include: 

negative for intraepitheliallesion or malignancy (NLM), atypical squamous cells of 

undetermined significance (ASCUS), low-grade squamous intraepitheliallesion (LSIL), 

and high-grade squamous intraepitheliallesion (HSIL) 17
•
18

. Any finding other than 

negative requires follow-up by a repeat Pap smear, colposcopy, or a molecular test for 

HPV DNA. The high number of ambiguous results, approximately 3 million out of 55 

million Pap smears per year, is problematic because expensive and invasive follow-up 

may be necessary to ascertain whether a pre-neoplastic lesion is present. 

1.2.0 Head and Neck Squamous Cell Carcinoma 

Head and neck squamous cell carcinoma (HNSCC) also has an annual incidence 

of -500,000 new cases worldwide 19
·
20

• Between 2001 and 2005, cancers of the oral 

cavity and oropharynx ranked glh and 14th in incidence for US males and females, 

respectively. The appellation "head and neck cancer" refers to cancers found in the 

squamous epithelium of the oral cavity (including lip, gum, tongue, cheek, oropharynx, 

larynx, and hypopharynx). Cancers of the nasopharynx and esophagus are normally 

excluded. 

1.2.1 HNSCC Etiology 

Alcohol and tobacco consumption are the major risk factors for HNSCC. It has 

been estimated that over"25% of HNSCC could be prevented by smoking cessation 21
. 

Alcohol is a lesser risk factor and is correlated with heavy consumption 21
• The risks 

attributable to smoking and drinking are synergistic 22
• Some patients present with 

HNSCC without a history of drinking or smoking, however. An emerging risk factor that 
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may be linked with these .and other cases is high-risk type HPV infection. Reports of 

prevalence of HPV infection in HNSCC tumors vary 23
'
26

, and it is unclear whether 

tumors in infected individuals are caused by HPV infection or are merely concomitant. 

This is in contrast to CSCC, where virtually no cancers occur in the absence of a history 

of high-risk type HPV infection 4
• 

1.2.2 HNSCC Survival 

The incidence of newly diagnosed cases of HNSCC in the US is roughly stable, 

with a slight decline between 2001 and 2005 attributable to lower rates of tobacco use 27
. 

Unlike cervical cancer, hc:>wever, survival rates have not significantly improved. Between 

1975 and 2000, the 5-year survival rate for oral cavity/pharyngeal tumors increased by 

approximately 5 percent for both men and women, to 57.4% and 61.5%, respectively. In 

comparison, the 5-year survival rate for laryngeal tumors increased by just 0.5% for 

men, and actually decreased 6.1% for women, to 66.7% and 59.6%, respectively 16
• 

1.3.0 Statement of the Clinical Problems 

1.3.1 Molecular differences between pre-neoplastic lesions and cancer, and 

cancers with different clinical outcomes are poorly understood. 

1.3.1.1 Cervical C,ancer: As noted, the incidence of high-risk type HPV infection 

is much higher than that of cervical cancer, and there is evidence that most pre

neoplastic lesions would spontaneously regress if untreated 28
. Being able to predict 

which pre-neoplastic lesions have a high probability of progressing to cancer, and thus 

require more intensive follow-up and aggressive treatment, would be of great clinical 

utility. 
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1.3.1.2 Head and Neck Cancer: HNSCC is a heterogeneous disease in which 

survival rates are affected by HPV association, patient ethnicity, and anatomic subsite of 

origin 27
•
29

•
30

, indicating that molecular differences between cancers exist. Tumors that 

appear to be similar on pathological examination may have distinct differences at the 

molecular level. The ultimate source of the differences lies in genetic or epigenetic 

alterations or changes in ~he state of cell signaling pathways. These differences are 

poorly understood for HNSCC. The identification of biomarkers that improve prognostic 

accuracy or that could be used to guide the development of individualized, or 

personalized, treatment would have clinical utility. 

1.3.2 There is no molecular screening test for HNSCC. 

One reason that HNSCC survival rates have not improved substantially may be 

the inability to detect early-stage HNSCC in the general population. Widespread 

implementation of screening tests for other common cancers, including the Pap smear 

for cervical cancer, as we:ll as the serum prostate specific antigen (PSA) test for prostate 

cancer, colonoscopy for colorectal cancer, and mammography for breast cancer, has 

improved five-year survival rates for each of these diseases 27
. By contrast, current 

screening modalities for HNSCC, particularly at less accessible anatomic sites such as 

the larynx and oropharynx, require an invasive examination by a specialist, which is not 

cost effective in the general low-risk population. 

Ideally, a molecular screening test for HNSCC would be based on the presence 

of biomarkers in accessible body fluids such as serum or saliva. Despite many efforts, 

no clinically validated test for early detection of HNSCC exists. A complicating factor is 

that because of the difficulty in identifying early-stage patients, samples of pre-neoplastic 
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HNSCC lesions or body fluids representing early-stage disease are not readily available 

for molecular analysis. This makes it logical to consider alternative pathways of HNSCC 

biomarker discovery. Biomarkers for pre-neoplastic lesions in CSCC might be applicable 

to HNSCC. Alternatively, biomarkers discovered by analysis of HPV-immortalized cells 

in vitro might provide potential candidate biomarkers applicable to HNSCC. 

1.4.0 Proteomic Methodology 

Proteins are the ultimate effectors of most cell functions, and changes associated 

with neoplasia are ultimately reflected at the protein level. Change induced either by 

gene mutation or viral oncoprotein expression is manifest in protein expression, which 

can be analyzed using proteomic techniques. In contrast to mRNA profiling which looks 

at gene expression only, proteomics can be used to assess changes in protein 

expression attributable to all causes, including changes in transcription, translation, 

stability, or post-translational modifications such as phosphorylation, ubiquitination, or 

sumoylation 31
• Clinical proteomics provides a method to detect such changes; it is 

defined as the analysis of the entire set of proteins, or proteome, expressed in patient 

samples or patient-derived cell lines. 

Contemporary methods for clinical proteomics have been widely reviewed 32
-3

4
• 

So-called "top down" proteomic strategies are based on fractionation of intact proteins by 

chromatography, two-dimensional gel electrophoresis, or capture on an affinity chip. 

Fractionated proteins are further analyzed by mass spectrometry, with or without 

proteolytic digestion. This can result in molecular identification, or in the case of the 

widely used, surface-enhanced laser desorption/ionization-time of flight (SELDI-TOF), a 

set of anonymous mass/charge (m/z) peaks that provide a molecular signature of 
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disease state. In "bottom-up" proteomic strategies, proteins are proteolytically digested 

with little or no prefractionation, and the resulting mixture of peptides is exhaustively 

characterized by liquid chromatography and mass spectrometry. Accurate methods for 

determination of relative protein and peptide concentrations, based on the use of 

differential labeling and internal standards, have been developed for both top-down and 

bottom-up strategies. 

The clinical proteomic studies in this dissertation all used a proteomic 

methodology that combines laser capture microdissection (LCM), two-dimensional 

difference gel electrophoresis (20-DIGE), and a statistical methodology of significance 

analysis of microarray (SAM). This combination of methods allows analysis of very small 

tissue samples, minimizes the amount of contaminating stroma and normal adjacent 

tissue in the sample, and provides accurate abundance values for individual proteins. 

Details of the methodology are provided in Section 1.7.0, and in individual chapters. 

1.5.0 Proteomics and CSCC 

Twenty-two relevant publications were identified in a PubMed query using the 

terms "proteomic" and "cervical cancer." Characteristics of these studies, together with 

studies in Chapters 2 and 4, are summarized in Figure 1. All of the studies have 

appeared since 2004 (Fig 1-1A). Nearly half were based on analysis of cervical cancer 

cell lines, one used exfoliated cervical cells from Thin Prep slides, and the remainder 

used serum or tissue (Fig 1-1 B). Studies were designed to address a variety of 

questions, including the effect of anti-neoplastic drugs, the effect of HPV oncoprotein 

expression, differences between cancers at different stages, and differences in cancer 

and normal tissue or body fluids from cancer patients and healthy control subjects (Fig 



1-1C). Nearly 75% of the studies used a 2-dimensional gel electrophoresis method for 

protein separation and abundance analysis, and the remainder used SELDI or liquid 

chromatography (Fig 1-10). 

25 

Among the various proteomic studies, three are relevant to the progression of 

normal cervix through pre-neoplasia to invasive cancer. One of these was an exhaustive 

"bottom-up" study of Thin Prep specimens from HSIL and normal subjects, one 

compared levels of specific phosphoproteins at a range of stages, and a third (Chapter 2 

of this dissertation) used LCM and 20-DJGE to compare normal cervical tissue, patient

matched HSIL, and invasive cancer. Results are further discussed in Chapter 2. 

Another three studies are relevant to the effects of HPV oncoprotein expression 

in vitro. Two of these described effects of individual expression of HPV E6 or E7 in pre

existing cancer cell lines. The third (Chapter 4 of this dissertation) compared the effects 

of E6, E7, or combined E!)/7 long-term expression in primary keratinocytes and is thus a 

model for the transition from infection to immortalization. Results are presented and 

discussed in the context of the prior literature in Chapter 4. 

It is noteworthy that cervical cancer is understudied by proteomic methods, 

especially in relation to the worldwide burden of the disease, with an estimated 3.2 

million years of life lost annually35
. Similar literature reviews identified 46 studies for 

HNSCC (discussed in the next chapter) and 128 for colorectal cancer 34
• It may be that 

the availability of the Pap smear and the associated decline in incidence and mortality in 

developed countries hav~ reduced the demand for proteomic investigation of the 

disease. Despite the success of the Pap smear, however, it is clear that cervical cancer 



remains a significant disease and that there are unanswered, clinically relevant 

questions that can be addressed by proteomic analysis. 

1.6.0 Proteomics and HNSCC 

26 

Forty-four relevant proteomic papers were identified in a PubMed query using the 

following search terms: proteomic, proteomics, head and neck cancer, HNSCC, oral 

squamous cell cancer (OSCC), laryngeal cancer, and oral cancer. Characteristics of 

these 44 studies, together with two unpublished studies (P. Weinberger et a/. in press, 

M. Merkley eta/., submitted for publication) are summarized in Figure 1-2. Nearly all of 

the studies have appeared since January 2004, and the majority since January 2007 

(Fig. 1-2A). The goal of the majority of the studies was to identify biomarkers that 

distinguished cancer froni normal tissue. These either compared cancer versus normal 

adjacent tissue in the same patient, or biofluids or cell lines derived from cancer patients 

versus healthy control subjects (Fig. 1-28, 1-2C). The majority of studies involved "top

down" fractionation of intact proteins (2-0imensional electrophoresis (2-0E) and SELOI) 

although other methods were also represented (Fig. 1-20). We have performed a meta

analysis of the proteins identified in these studies, which is presented in Chapter 5. 

1. 7.0 Statement of Work 

I used a combination of LCM, 20-0IGE, and SAM in the proteomic analyses that 

I conducted. LCM is a tool for the enrichment of the pool of clinically relevant tumor cells 

36
"
39

, while excluding stroma and vascular tissue. Because of the low abundance of 

proteins obtained through LCM, I labeled protein extracts using cysteine-reactive 

saturation dyes, which are capable of facilitating the detectin of thousands of individual 
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proteins using as little as 1 ~g of total protein lysate38
• In 20-DIGE, each sample is 

labeled and subjected to co-electrophoresis with a differentially labeled, invariant internal 

standard composed of a mixture of all samples. This facilitates precise comparison of 

the abundance of a given protein in different samples. Finally, I used a sensitive 

statistical method, Significance Analysis of Microarray (SAM) to compare the relative 

abundance of all the proteins in the data set. Rather than a P-value, SAM provides a 

difference (d) score that allows rank-ordering of a candidate biomarker. It also uses 

permutations to account for multiple comparisons and variability to compute a q-value, 

which is an estimate of the false discovery rate (FOR). This allows selection of the 

markers that have the highest probability of being good discriminators. 

1.7.1 Molecular differences between pre-neoplastic lesions and cancers, and 

cancers with different clinical outcomes 

1. 7. 1. 1 Molecular differences between normal cervix, pre-neoplastic lesions, and 

cervical cancer. Studies in Chapter 2 use LCMI2D-DIGE to compare patient-matched 

normal adjacent tissue with HSIL and to compare these samples to invasive cancer. My 

contribution to this collaborative study was to perform the experiments for Figures 2-4 

and 2-5, conduct the literature review, and draft most of the manuscript, including the 

supplemental material. Twenty-three candidate biomarkers were identified, including one 

(cornulin) that distinguished all three states. 

1. 7.1.2 Molecular differences between HNSCC arising at different anatomic 

subsites. The studies in Chapter 3 use proteomic analysis to compare HNSCC arising at 

three anatomic subsites: oral cavity, oropharynx, and larynx. My contribution to this 

study was to perform the LCMI2D-DIGE experiments and data analysis and to draft the 
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manuscript jointly with the co-first author (PMW). The study analyzed expression of 732 

discrete protein features and found no significant differences between subsites. 

1. 7. 1. 3 Molecular differences attributable to HPV oncoprotein expression. The 

studies in Chapter 4 use 20-0IGE to characterize effects of long-term expression of 

HPV E6 and E7 in primary keratinocytes, which are the cells of origin for squamous cell 

carcinomas. My contribution was to perform all of the experiments except for the 

immunoblots, analyze the data, and draft the manuscript. The study analyzed 741 

protein features and found that 170 (23%) changed significantly in immortalized cells, 

and that changes were similar regardless of which oncogene was used for 

immortalization. There were a few highly significant outliers that are likely markers of 

HPV oncoprotein expression. 

1.7.2 There is no molecular test for early detection of HNSCC 

1. 7.2.1- Meta-anatysis of proteomic studies. The studies in Chapter 5 present a 

meta-analysis of 44 prior proteomic studies. My contribution was to perform the literature 

review, design and perform the analysis, and draft the manuscript. Of 404 unique 

proteins in these studies, no proteins were in common between all studies, only 10 

proteins were identified in four or more studies, and for six of these ten, there were 

discordant results (e.g., elevated in cancer in one study, decreased in cancer in 

another). 

1. 7. 2. 2 Identification of proteins altered in HNSCC versus normal adjacent tissue 

using LCM and 20-DIGE: Studies in Chapter 6 used LCM/20-0IGE to compare HNSCC 

and patient-matched normal tissue collected at this institution. My role was to perform all 
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of the experiments and data analysis and draft the manuscript. The hypothesis was that 

the additional specificity and power afforded by LCM/20-0IGE/SAM might allow 

detection of novel and more useful biomarkers than in previous work. Four novel 

markers were identified. 

1.8.0 Summary 

In summary, the experiments that I have performed have been conducted to 

investigate whether newly developed sensitive and specific molecular techniques, i.e., 

the combination of LCM and 20-0IGE, would allow me to more sensitively quantify the 

relative abundance of proteins in pre-neoplasia and cancer, cancer with different 

outcomes, cancers associated with HPV oncoprotein expression, or normal and cancer 

tissues. Understanding and defining these molecular differences could potentially lead 

to tests for more accurate determination of prognosis, individualized therapy, or for early 

detection. 

1.9.0 Included Manuscripts 

1. Arnouk H, Merkley MA, Podolsky RH, Sloppier H, Santos C, Alvarez M, Mariategui J, 

Ferris 0, Lee JR, Oynan WS. Characterization of molecular markers indiciative of 

cervical cancer progression. Proteomics: Clinical Applications 2009;3(5):516-27 

2. Weinberger PM, Merkley MA, Lee JR, Adam BL, Geurin CG, Podolsky RH, Haffty BG, 

Papadavid E, Sasaki C, Psyrri A, Oynan WS. Combination proteomic analysis 

demonstrates molecular similarity of head and neck squamous cell carcinoma arising 

from different subsites. Archives of Otolaryngology - Head & Neck Surgery 2009. In 

press. 
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H. Large-scale analysis of protein expression changes in human keratinocytes 
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A. Proteomic studies of HNSCC by year. B. Study design. C. Source of samples for 

proteomic experiments. D. Analytical method used for each study. 
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2. CHARACTERIZATION OF MOLECULAR MARKERS 

INDICATIVE OF CERVICAL CANCER PROGRESSION 

Hila! Arnouk, Mark A. Merkley, Robert H. Podolsky, Hubert Sloppier, Carlos Santos, 

Manuel Alvarez, Julio Mariategui, Daren Ferris, Jeffrey R. Lee, and William S. Dynan 

MAM performed the experiments in Figures 2-4 and 2-5, conducted the literature 

review, and drafted most of the manuscript, including the supplemental material. HA 

performed the LCM/20-DIGE analysis. RHP conducted the statistical analysis, HS 

helped with experimental design. CS, MA, and JM collected samples and participated in 

the preparation of the manuscript. DF was responsible for the study conception, 

experimental design, and participated in preparation of the manuscript. JRL confirmed 

the pathological diagnoses, performed the LCM, scored immunohistochemical slides, 

and participated in the preparation of the manuscript. WSD was responsible for study 

conception and design, supervised analysis of the data, and participated in preparation 

of the manuscript. 

ABSTRACT 

Cervical cancer originates with human papillomavirus (HPV) infection and progresses 

via histologically-defined premalignant stages. Here we compare normal cervical 

epithelium and patient-matched high-grade squamous intraepithelial lesions (HSIL) with 

cervical carcinoma tissue. from the same patient population (n=10 per group). Specimens 

33 



34 

were analyzed by combined laser capture microdissection and 20-DIGE. Significant 

expression changes were seen with 53 spots resulting in identification of 23 unique 

proteins at the molecular·level. These include eight that uniquely distinguish normal 

epithelium and HSIL and four that uniquely distinguish HSIL and carcinoma. In addition, 

one protein, cornu lin, distinguishes all three states. Other identified proteins included 

differentiation markers, oncogene DJ-1, serpins, stress and interferon-responsive 

proteins, detoxifying enzymes, and serum transporters. A literature review, performed for 

all identified proteins, allowed most changes to be assigned to one of three causes: 

direct or indirect HPV oncoprotein interactions, growth selection during latency, or 

interactions in the lesion microenvironment. Selected findings were confirmed by 

immunohistochemistry using either frozen sections from the same cohort or formalin

fixed paraffin-embedded samples from a tissue microarray. Novel markers described 

here have potential applications for increasing the predictive value of current screening 

methods. 

2.1.0 Introduction 

Cancer of the uterine cervix is a significant cause of mortality, responsible for 

about 200,000 deaths per year among women worldwide 1
. Screening for early 

detection, using the Papanicolaou (Pap) test, has reduced mortality about four-fold in 

developed countries 20
•
40

• Exfoliated cervical cells are evaluated based on alterations in 

nuclear and cellular morphology using the Bethesda classification system 41
• 

Despite its success in reducing mortality, the Pap test has shortcomings. 

Abnormal or ambiguous findings, which occur in about 3 million of the 55 million Pap 

smears (or roughly 5%) performed annually in the US, necessitate costly and sometimes 



35 

invasive follow-up. The accuracy of the Pap test has been studied extensively, and 

meta-analysis indicates that high specificity and sensitivity cannot be achieved 

concurrently 42
• Classification of both Pap smears and follow-up biopsies is subject to 

high inter-observer variability, with agreement on grading of biopsy specimens only 40% 

to 80% more than expected by chance alone 43
• In addition, the natural history of cervical 

premalignant lesions shows great individual variability. Some 40-70% of low-grade 

lesions will regress without treatment, whereas smaller percentages will progress to a 

higher-grade lesion or to invasive cancer 44
• The decision to surgically ablate low-grade 

lesions is particularly problematic, as only one to two women per 1000 progress to 

invasive carcinoma within 24 months, and the procedure itself carries risk 45 
.. 

6
• Molecular 

markers to distinguish individual patients with a high risk of progression would clearly be 

valuable. Such markers might also be therapeutic targets, expanding the options for 

non-surgical treatment. 

One approach that has been explored for improving the accuracy of cervical 

cancer screening is to test for the presence of high-risk type human papillomavirus 

(HPV) DNA following an ambiguous Pap test result. The rationale is that high-risk type 

HPV is the initiating agent in virtually all cervical carcinomas (reviewed in refs. 5
•
9
). In 

patients with ambiguous Pap test results, HPV DNA assays have been shown to be 

preferable to repeat cytology 47
• Surrogate protein markers for HPV infection have also 

been used, including high-level expression of the cyclin-dependent kinase inhibitor, 

p16(lnk4a), and the expression of a marker of cell proliferation, Ki-67, in normally non

dividing cells of the upper layers of the epithelium 4
.,.

50
• A limitation in using HPV or 

surrogate markers for diagnosis is that infection with high-risk type HPV is relatively 
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common (point prevalence = 3.4% 12
) and many infections clear spontaneously. It would 

be useful to have a test to detect the transition from infected cells, which proliferate 

simply in response to viral oncoprotein expression, and virally transformed cells, which 

have accumulated additional genetic and epigenetic changes during a latency period. 

There are currently no clinically useful molecular markers for detecting this transition. 

Such markers 'might be combined with existing screening technologies to achieve a 

higher positive predictive value. 

Proteomic methodologies provide a general route to biomarker discovery. They 

have been used previously to compare cervical squamous cell carcinoma with normal 

cervical tissue or cervical cell lines 51
'
52

• There has also been one proteomic study of the 

premalignantlesions that are the target of population screening. This study reported a 

large number of differences in exfoliated cervical cells from normal and abnormal liquid 

cytology-based Pap smear 53
• 

In the present work, we compared normal tissue, patient-matched high-grade 

squamous intraepitheliallesions (HSIL), and invasive carcinoma. HSIL is of particular 

interest as it is a high-risk premalignant condition where the probabilities of progression 

versus spontaneous regression are almost evenly balanced 44
•
54

• Laser capture 

microdissection (LCM) and 20-difference gel electrophoresis (20-0IGE) were used to 

obtain protein profiles from as little as 1 llg of total protein, a procedure validated 

previously where sample abundance was limiting 38
•
5

5-
59

. Following quantification and 

statistical analysis, 53 protein spots were identified as discriminatory between sample 

groups, with 23 unique proteins identified to date at the molecular level. 



2.2.0 Materials and Methods 

2.2.1 Experimental Design. 
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There were three experimental groups: normal, patient-matched HSIL, and 

cancer (Fig. 2-1). Specimens were obtained from the Institute Nacional de 

Enfermedades Neoplasicas (INEN, Lima, Peru). Patients who had positive Pap smears 

and were scheduled to undergo gynecologic surgery were eligible. Following institutional 

review board guidelines, subjects were asked to provide informed consent for use of 

their tissue in research. Patients with a finding of HSIL contributed both lesional tissue 

and normal tissue from elsewhere in the cervix. Patients with a finding of invasive cancer 

contributed lesional tissue only (typically, no normal anatomy remained). Three 

comparisons were made: (1) cancer vs. normal (unpaired), (2) HSIL vs. normal (paired), 

and (3) cancer vs. HSIL (unpaired). Tissues were snap frozen, and epithelial or lesional 

tissue was later collected by LCM as described 38
• An invariant internal standard was 

prepared as a mixture of normal cervical tissue from a patient who underwent 

transabdominal hysterectomy for symptomatic leiomyomas and cervical squamous cell 

carcinoma from a different patient who underwent radical hysterectomy. Samples and an 

internal standard were labeled with different dyes, so the abundance of each spot could 

be quantified relative to the corresponding spot in the internal standard 60
• Candidate 

biomarkers were ranked using the Significance Analysis of Microarray (SAM, version 

3.0) add-in for Microsoft Excel (available at http://www-stat.stanford.eduHibs/SAM/). An 

FOR of 1 0% was used as a threshold cutoff for each spot. Details of the analytical 

methodology are given in Supplementary Methods. 
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2.2.2 Preparative Gel and Mass Spectroscopy. 

Spots of interest were matched to a preparative gel, and proteins were identified 

by mass spectrometry 38 (see also Supplementary Methods). Following trypsin digestion, 

extracted peptides were spotted onto a 192-well MALDI-TOF target plate for the Applied 

Biosystems Incorporated (ABI) 4700 Proteomics Analyzer. Automated MALDI-TOF mass 

spectrometry provided a peptide mass fingerprint. In addition, for each analysis the 20 

most prominent peptides (excluding trypsin peaks) were subjected to collision-induced 

dissociation to· obtain sequence information. Spectra were searched using the GPS 

Explorer (ABI) search tool and Mascot algorithm (Matrix Biosciences) against the 

NCBinr protein database. 

2.2.3 Immunohistochemistry. 

Immunohistochemistry was performed using 6 ~m replicate frozen sections from 

normal, patient-matched HSIL, and carcinoma samples (n=3 per group). Slides were air 

dried, fixed in 10% neutral buffered formalin for 5 min, and rinsed with distilled water. 

Endogenous peroxidase was quenched by incubating twice in 0.3% H202 for 5 min, then 

washing twice in PBS for 5 min. Slides were blocked with normal donkey serum for 20 

min, then incubated with the following primary antibodies for 30 min: 1:100 anti-cornulin 

(Alexis, San Diego, CA), 1:1000 anti-Hsp27 (HSPB1) (Assay Designs, Ann Arbor, Ml), 

1:1000 anti-Manganese Superoxide Dismutase 2 (Abeam, Cambridge, UK), or 1:100 

anti-PA2813 (Abnova, Taipei, Taiwan). Slides were washed twice with PBS, then with 

HRP-conjugated goat anti-rabbit immunoglobulin (cornulin and superoxide dismutase), 

or goat anti-mouse immunoglobulin (PA2813 and Hsp27) (Envision+ HRP kit, Dako Corp. 

Carpinteria, CA.). Slides were rinsed twice with PBS, and bound antibody was detected 



using diaminobenzidine. Slides were counterstained with hematoxylin. Scoring was 

determined by a board-certified pathologist. 
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Commercial tissue microarrays containing histologically confirmed cervical tissue 

from a variety of disease states were purchased from Biomax, Inc. (Rockville, MD). Each 

microarray contained 30 carcinoma specimens, 10 cervical intraepithelial neoplasia 

(CIN) specimens, 10 inflamed cervical tissue specimens, and 10 normal specimens. 

Slides were deparaffinized and run through graded alcohols to distilled water. Slides 

were pretreated with Target Retrieval Solution pH 6.0, (Dako Corp, Carpinteria, CA.) 

using a steamer (Black and Decker rice steamer) and rinsed in distilled water. Antibody 

staining and development were the same as for the frozen sections. 

2.3.0 Results 

2.3.1 Collection and analysis of proteomic data. 

Pilot sections for each specimen were stained with hematoxylin and eosin to 

reveal morphological detail. Examples are shown in Fig. 2-2A. HSIL samples 

demonstrated >90% involvement of the epithelium with high-grade dysplastic cells that 

had not invaded through the basement membrane. Cervical cancer samples 

demonstrated moderately differentiated, non-keratinizing squamous cell carcinomas. All 

preparative sections were stained with Nuclear Fast Red for LCM. Fig. 2-28 shows 

representative sections before and after LCM, as well as the captured tissue. The more 

intensely stained epithelial or lesional tissue was collected, leaving behind the lighter

stained stroma. 
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We performed a pilot study to evaluate technical reproducibility of the combined 

LCM and 20-0IGE procedure and enable a power analysis. We carried out independent 

LCM sampling of normal cervical tissue and cervical cancer, analyzed protein 

abundance by 20-0IGE using an invariant internal standard, and evaluated 

reproducibility based on coefficients of variation (Fig. 2-6). The median coefficient of 

variation was 23% for both normal cervical tissue and cervical cancer. Because the 

analytical methodology is the same, we expect that the distribution of coefficients for the 

HSIL group is the same, although it was not possible to perform the same replicate 

sampling because of the small size and scarcity of the lesions. 

To estimate statistical power for biomarker discovery, we considered a 

hypothetical marker with a between-group difference of 2-fold and a coefficient of 

variation (CV) of 30% for technical variation, both of which were within the observed 

range. We assumed that within-group biological variation would be on the same order as 

technical variation and that tests would be conducted on the log-scale so that the CV 

roughly corresponds to the standard deviation of the log-transformed data. A study 

would require 10 subjects per group to obtain 80% power to identify such features using 

a two-sided alpha of 0.05. 

For the main analysis, proteins from the 30 samples (n=1 0 per group) were 

extracted, labeled, and analyzed by 20-0IGE. An average of 2257 spots was identified 

in each gel, of which an average of 1489 spots was matched to the master map. Of 

these, 135 spots were selected for further analysis, based on manual inspection showing 

unequivocal alignment across spot maps generated from all 30 samples. To prioritize 

spots for analysis, protein abundance values were calculated as described in Materials 
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and Methods and used as input data for SAM. For each of the three comparisons 

(cancer versus normal, HSIL versus normal, and cancer versus HSIL), SAM calculated a 

relative difference score, d(1), and a false discovery rate (FDR) based on analysis of 

permuted data sets. We applied a threshold value ford score based on a FDR of 10% or 

less and an additional filter to exclude spots with an absolute change in expression level 

of <2.0-fold. We reasoned that tissue biomarkers with changes of <2.0-fold might be 

difficult to measure reliabiy in a clinical laboratory (e.g. by immunohistochemistry) and 

thus would be unlikely to be widely adopted. Application of a filter based on fold change 

has been shown to further reduce FDR 61
. Based on these criteria, we identified 53 

features (spots) as candidate biomarkers. 

2.3.2 Proteomic patterns in normal, HSIL, and cancer. 

Based on the SAM analysis, there were 42 spots that distinguished cancer from 

normal, 23 that distinguished HSIL from normal, and 9 that distinguished cancer from 

HSIL. Some spots were significant in two or more of these pairwise comparisons (20/53) 

and one distinguished an·three sample groups. Individual data values for four 

representative markers are presented in Figure 2-3A-D. The vertical axis represents the 

"internal ratio" (IR) of expression for each spot relative to the internal standard in the 

same gel. Data are plotted as log2 I R, such that each unit on the vertical axis 

corresponds to a 2-fold change. Dashed lines, which connect paired normal and HSIL 

specimens from the same patient, illustrate how the availability of paired samples reveal 

consistent expression trends that might not otherwise have been apparent. Similar 

graphs for the other candidate biomarkers are shown in Fig. 2-7. Viewing group means, 

in addition to the individu?l values, provides additional insight. Fig. 2-3E shows an 



overview of results as a heat map, with red indicating more expression and green 

indicating less. HSIL has its own distinctive pattern of expression, with some markers 

more cancer-like, and others more normal-like (see Discussion). 

2.3.3 Match to preparative gel and mass spectrometry analysis. 
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To identify spots at the molecular level, we ran a separate preparative gel with 

500 ~g of Cy3-labeled mixed internal standard, matched the spot map to the master map 

from the analytical gels, picked spots of interest, and obtained mass spectrometry 

identifications as described in Materials and Methods. We picked 31 spots, including 

only those that could be unambiguously matched between the preparative gel and the 

master map and that were well resolved from abundant neighboring spots, and obtained 

definite identifications for 29. Among these, there were five instances where nearby, co

regulated spots proved to be the same protein, leaving the 23 unique proteins listed in 

Table 2-1. Many of the proteins are known by more than one name; when possible we 

have used systematic nomenclature that reflects identities of proteins as members of 

gene families, with synonyms listed only when they are widely used in the literature. 

Mascot scores from peptide mass fingerprinting and collisionally induced dissociation 

were greater than 80 (60 is the threshold for significance), and all protein identifications 

achieved a 1 00% protein score confidence interval. Figure 2-8 shows the mass 

spectrum for a candidate biomarker. Mass spectrometry coverage of 30% and sequence 

information from 15 peptides unequivocally identified this protein as the differentiation 

marker cornulin. Fig. 2-9 shows the 28 identified spots projected onto an image of a 

representative 20 gel. With one exception noted in the Figure Legend, calculated mass 

and pi values were consistent with migration. The identified proteins have a diverse set 



of mass and pi values, indicating that the selection criteria for potential biomarkers did 

not introduce any obvious bias with respect to protein size or charge. 

2.3.4 Literature review. 
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As a first step in understanding the significance of the findings, we performed a 

literature review to identify relevant genetic, structural, and biological data for each 

protein. Relevant citations are summarized in Table 2-2. Several of the cytokeratins, two 

of the detoxifying enzymes, HSPB1, and Serpin 3 (SCCA1) have all been previously 

characterized in the context of cervical cancer development (see references in Table 2-

2). About half of the candidate markers, however, had not been previously associated 

with cervical cancer or HSIL. In many cases, biomarker increase and decrease can be 

rationalized in terms of the known effects of HPV E6 and E7 oncoproteins, selection for 

growth advantage during latency, or host-lesion interactions. We consider these general 

patterns in the Discussion. 

2.3.5 Validation by immunohistochemical staining. 

To increase confidence in the 2-DIGE and mass spectrometry findings, we 

randomly selected three specimens from each group in the original cohort and 

performed immunohistochemistry. We investigated four markers, chosen because of the 

commercial availability of antibodies suitable for immunochemistry and because the 

markers were (a) novel in the context of cervical cancer or (b) there was a discrepancy 

between our data and previous reports. We stained serial sections with antibodies to 

cornu lin, PA28!3, HSPB1 and MnSOD and scored the slides on a standard scale of 0 to 

3 based on intensity of staining (Fig. 2-4). Results showed generally good agreement 

with the 20-DIGE quantification (compare Fig. 2-4 with Fig. 2-3). In panel A, prominent 



44 

cornu lin staining is evident in the maturing squamous cells of the normal epithelium, in 

only a thin rim of non-dysplastic cells representing the outermost layer of epithelium in 

HSIL, and not at all in an invasive cancer sample. In Panel B, PA28!3 staining was 

evident only in cancer, and not in normal or HSIL. In panel C, the pattern of HSPB1 

staining was similar to cornulin, with intense staining in the normal epithelium, consistent 

with reports that this small heat shock protein is a cornification chaperone 62
•
63

• HSPB1 

staining was also present, but at a lower level in HSIL and cancer (panel C), consistent 

with a prior immunohistochemical study of HSPB1 expression in cervical pre-cancerous 

lesions and cancer 64
. There was HSPB1 staining in areas of necrosis in cancer samples 

(not shown), but necrotic areas were excluded in the LCM procedure and thus not 

represented in the 2D-DIGE sampling. Immunohistochemical staining of MnSOD 

showed expression in a thin layer of cells along the basal layer of the normal squamous 

epithelium, an increase in expression in HSIL, and somewhat of a decline in cancer, 

again consistent with 2D-DIGE. 

To increase statistical power and extend the findings to a different cohort of 

patients, we performed additional immunohistochemistry experiments using formalin

fixed paraffin-embedded tissue microarrrays (Fig. 2-5). The microarrays include more 

patients (n=60) and additional experimental groups (e.g., benign inflammation and lower 

grades of CIN). Tissue microarrays were stained with anti-cornulin or anti- Hsp27 

(HSPB1 ), Staining intensity was scored on the same 0 to 3 scale. Statistical analysis 

was performed by one-way ANOVA. Differences contributing to group variance were 

calculated in pair-wise comparisons using the Tukey's Honestly Significant Difference 

Test. 
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Anti-cornulin staining (Fig. 2-5A,C) showed no apparent difference between 

normal and inflamed tissue, but a highly significant difference between these two groups 

and cancer (p<0.001). The CIN samples had a wide distribution of values centered in 

between normal and cancer. We attribute the variance to the presence of multiple 

grades of CIN in this cohort. Because of the within-group variance, comparisons of CIN 

to the other groups did not reveal a statistically significant difference. 

Anti-HSPB1 staining confirmed that expression of this molecular chaperone is 

high in normal epithelium, inflamed tissue, and HSIL, consistent with results obtained 

with 20-DIGE. Surprisingly, expression in cancer was far more variable than in the 

original cohort. This was particularly true of grade 3 cancers, where HSPB1 was present 

either in high amounts or not at all. 

2.4.0 Discussion 

The purpose of this study was to identify biomarkers that correlate with 

progression to neoplasia in cervical cancer. Possibly, such markers could be used to 

increase the positive predictive value of current screening modalities. In addition, they 

may provide insights into the biology of cervical cancer and thus provide leads for the 

development of nonsurgical therapies. To identify biomarkers, we analyzed proteomic 

patterns from samples representing normal, premalignant, and cancer tissue. We used a 

dedicated patient sample collection system, LCM to separate lesional tissue from 

surrounding normal tissue, and a sensitive analytical methodology to allow profiling with 

only a few micrograms of protein. To our knowledge it is the first study to simultaneously 

compare normal cervical tissue, cervical intraepithelial neoplasia, and invasive cervical 

cancer tissue using the same proteomic methodology. 
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There were significant changes in expression of many proteins, of which 23 have 

so far been identified at the molecular level (Table 2-1). Twelve have been seen before 

in HSIL or cancer, and results are generally concordant with the prior literature. Eleven 

proteins are novel. Initial (technical) validation was performed by randomly sampling a 

small number of specimens from the original cohort. Results agreed with the 20-0IGE 

analysis, lending confidence in the technical quality of the 20-0IGE and mass 

spectrometry data. We also carried out a more extensive immunohistochemistry study 

for two proteins of particular interest, cornulin and HSPB1, which drew on a different 

patient cohort with larger numbers of specimens and additional disease states. 

The results emphasize the power of using matched patient samples. In the 20-

0JGE experiments we identified several proteins where there was a significant change in 

expression between individual normai-HSIL pairs, even though the range of expression 

values for the normal and HSIL groups as a whole overlapped. These pairings were 

preserved in the technical validation study using the frozen sections. In the tissue 

microarrays, however, samples were not patient-matched. Although this makes the 

tissue microarray somewhat Jess powerful, results (discussed in more detail in the 

following sections) extended the initial 20-0IGE findings. 

We focus here on overall patterns apparent in the data. In principle, there are at 

least three processes that have the potential to change the proteomic profile during 

cervical cancer progression: (1) effects resulting from direct interaction of HPV 

oncoproteins with cellular proteins, (2) stochastic effects resulting from the combination 

of cell proliferation, genomic instability, and selective pressure during the latency period 

that is required for development of HSIL and cancer, and (3) emergent properties 
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resulting from interactions of lesional tissue with the tissue microenvironment. Patterns 

ascribable to all three processes appear to be present in the proteomic data. 

2.4.1 Markers that potentially arise from direct interactions of HPV oncoproteins 

with cellular proteins. 

HPV E6 and E7 bind directly to p53, Rb, and a number of other cellular proteins 

(reviewed in references 5
•
05

). Effects potentially attributable to direct interactions of HPV 

oncoproteins with these and other cellular proteins account for at least a quarter of the 

changes in the study. Serpin 81, a member of a large family of serine protease 

inhibitors, binds directly to E7 in a pull-down assay 66
• It is down-regulated in vitro in E7-

transfected cells 67
, consistent with the down-regulation observed here in HSIL. 

Glutathione-S-transferase similarly decreases in E7-transfected cells, although it is 

unknown if this reflects a direct protein-protein interaction [37]. Three other proteins 

identified in this study are known products of p53 target genes. Creatine kinase B and 

tryptophanyl !RNA synthetase are p53-repressible enzymes 68
•
69 that increased 

significantly in cancer. Although expression of these proteins may be influenced by 

factors in addition to p53, the direction of the changes in expression, in both cases, is 

consistent with HPV E6-mediated loss of p53 function. 

Other identified proteins may be regulated indirectly as a result of compromised 

Rb function in E7 -expressing cells, which fosters continued proliferation of cells in the 

upper layers of squamous epithelium, reducing or blocking terminal differentiation and 

cornification. The differentiation marker, cornu lin, declines in HSIL and further declines in 

cancer. Cornulin is a mef'!lber of the "fused gene" family, binds calcium, and is up

regulated in response to deoxycholate-induced stress 70
•
71

. It is normally expressed late 
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during epidermal differentiation, but its function is otherwise unknown, and it has not 

previously been described as a cervical cancer marker. Cornulin was the only protein 

that showed statistically ~ignificant differences in all three pairwise 20-DIGE 

comparisons. This, taken with the result of the immunohistochemistry experiments, 

suggests that cornulin might be uniquely useful as a diagnostic marker of disease state. 

Changes in cytokeratin expression can also be ascribed to loss of the 

differentiated state. Expression of three cytokeratins (6A, 10, and 13) decreased in HSIL 

and cancer relative to normal tissue. These three proteins are known markers of 

keratinocyte differentiation, and the decline is consistent both with loss of the 

differentiated state and with previous studies of cervical cancer 50
• Cytokeratin 8 was 

increased in cancer relatiye to normal tissue, again consistent with previous work 72
• 

HSPB1 apparently falls into the same category of differentiation markers. The 

observed decline in cancer specimens was paradoxical, in that expression of this and 

other HSPs has been widely observed to increase in proteomic studies of cancer cells. 

Although there are conflicting prior reports about expression in HPV-induced lesions 

64
•
73

•
74

, it is believed that HSPB1 may have a specialized function as a cornification 

chaperone, and it is expressed at high levels in the upper levels of normal stratified 

epithelium and in in vitro differentiated keratinocytes62
•
74

• We saw relatively high levels in 

normal cervix, a slight decline in HSIL, and a marked decline in cancer, especially in 

some specimens. A decline in expression in less-differentiated lesions plausibly reflects 

their inability to undergo terminal differentiation in the presence of HPV oncoproteins. 

Consistent with this, in the tissue microarray, the highest frequency of HSPB1-negative 

specimens was in the least-differentiated (grade 3) tumors. It will be of interest to 
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investigate the mechanism of heterogeneity in high-grade cancers and to determine 

whether HSPB1 status has independent prognostic or predictive value. This will require 

a separate study, as clinical outcome data are not available for the subjects used here. 

Expression of another small heat shock protein, Hspi36 (Hsp20) also declined in 

HSIL and cancer. We did· not observe any examples of HSPs that increased significantly 

in HSIL or cancer. 

2.4.2 Markers that are potentially selected during the latency period. 

Like other human cancers, cervical cancer typically develops only after a long 

latency period. Effects attributable to variation and selection for growth advantage are 

expected to occur stochastically during latency; that is, both the timing and whether a 

given change occurs at all will vary between patients. The oncoprotein, DJ-1, may fall 

into this category. DJ-1 significantly increased in cancer versus normal tissue, whereas 

expression values in HSIL showed considerable dispersion. DJ-1 transforms mouse 

NIH3T3 cells in vitro and is overexpressed in many cancers including: breast, lung, 

pancreatic, ovarian, and prostate 75
"
79

• Mechanistic studies show that DJ-1 is a negative 

regulator of the tumor suppressor PTEN 80
• Interestingly, although down-regulation of 

PTEN expression is a negative prognostic indicator in cervical cancer 81
•
82

, direct 

mutation or loss of heterozygosity at the PTEN locus is rare 81
• Overexpression of DJ-1 

could provide a mechanism for down-regulation in the absence of direct mutation or loss 

of the PTEN gene. It is well established that deficiency of DJ-1 (also known as PARK?) 

sensitizes dopaminergic neurons to stress-mediated apoptosis in hereditary Parkinson's 

disease (reviewed in reference 83
). Regulation of apoptosis appears to be the common 

link explaining the role of DJ-1 in these disparate diseases. Interestingly, expression of 
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Serpin 81, another biomarker discovered in this study, has previously been shown to be 

PTEN dependent 84
. Thus down-regulation of PTEN in HSIL could provide another 

explanation for the observed down-regulation of Serpin 81 (in addition to direct 

interaction of HPV E7 with Serpin 81 ). 

Several other pro~eins may fall into the category of proteins that are selected 

d1.1ring the latency period. Manganese superoxide dismutase, which increased in HSIL, 

protects against free radical toxicity. High expression has previously been correlated 

with poor outcomes in cervical cancer as Serpin 83 (SCCA1) declined in HSIL, and 

chloride intracellular channel 1 protein increased in cancer; both results are novel in the 

context of cervical disease. 

2.4.3 Markers that are potentially influenced by interaction of lesions with the 

microenvironment. 

Three IFN-y inducible proteins were identified as up-regulated in cancer. Unlike 

IFN-a. and IFN-13, which are expressed by many cell types, IFN-y is expressed only by T 

cells and NK cells. Thus, expression of IFN-y-inducible genes in cancers cells is 

expected to occur only as a consequence of cell-cell interactions within the tissue 

microenvironment. Two of the IFN-y-inducible proteins, PA28a and PA2813, activate the 

20S proteasome complex, which presents antigens via the MHC I pathway. Although the 

up-regulation of these proteins is novel in cervical cancer, up-regulation of PA28a has 

been described previously in infiltrating ductal breast carcinoma 86
. Another IFN-y

inducible protein, tryptophanyl !RNA synthetase, has been hypothesized to protect cells 
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from tryptophan starvation following IFN-y-mediated induction of the catabolic enzyme, 

indoleamine 2,3 dioxygenase 87
• 

Other proteins that may fall into the category of changes attributable to host

lesion interactions include the serum transporter transthyretin, which was decreased in 

cancer and HSIL. Transthyretin is a negative acute-phase serum protein that decreases 

in inflammatory conditions including many cancers 88
• Transferrin, another serum 

transporter that decreased in cancer, has been reported to decrease in ovarian cancer 

89
• The decrease in the extracellular matrix protein a2-type 1 collagen that occurred in 

HSIL may be an indirect effect of IFN-y, mediated via stimulation of the IRF-1 

transcription factor 90
• 

2.4.4 Potential for clinical translation. 

Cervical cancer differs from many other common epithelial cancers in that a 

successful population screening method (the Pap test) has been widely adopted. Given 

this success, we assume that molecular biomarkers will be used to augment, rather than 

replace, the current screening regime. Molecular markers that objectively distinguish 

low- and high-grade lesions have the potential to improve upon classification based on 

cell morphology alone. Reducing subjectivity should increase both positive and negative 

predictive value. Additionally, biomarkers may reflect molecular progression not 

observable cytologically. Markers that better represent disease progression have the 

potential to decrease the resources devoted to clinical follow-up and reduce the risk of 

overtreatment. 
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Although proof of clinical utility in these settings is well beyond the scope of the 

present study, several of the proteins identified here appear promising. The 2D-DIGE 

data showed that cornulin expression differs very significantly in normal and cancer 

tissue, with intermediate expression in GIN. A similar pattern of results was seen by 

immunohistochemistry, both in the initial cohort and in a larger validation cohort. DJ-1 

provides another example of a protein that differs significantly in normal and cancer 

tissue, with intermediate (and variable) levels in pre-neoplasia. Although 

immunohistochemistry results for DJ-1 are not available (staining was inconclusive, 

possibly because of poor quality of the commercial antibody), the biology of the protein 

suggests a possible mechanistic link with carcinogenesis. Our results lead to a testable 

hypothesis that quantitation of cornulin or DJ-1 levels might be used to predict risk of 

progression of low-grade lesions. HSPB1 provides an example of a different expression 

pattern, where levels are uniformly high in normal tissue and HSIL, but vary widely in 

cancer. The results support a hypothesis that HSPB1-negative cancers may have a 

different prognosis or response to treatment. Testing these hypotheses will require larger 

patient cohorts, outcomes data, and further development of methods for protein 

quantification in very small samples available from clinical screening. 
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667 09UBG3 · cornulin 53 5.73 15 (33%) 143 1 (7.8) 1 4.0 1 - (3.9) I 4.1 I - I (2.0) I 1.6 

1608 09UL46 PA28 J3 27 5.44 8 (40%) 382 I•3'6"1.3?3IUIIIII• 1.8 I 2.0 I 3.0 I 2.0 I 1.9 

1926 099497 DJ-1 protein 20 6.33 5 (30%) I 83. 1.2"!;1.11121>7.1 -=· 1.7 I 2.7 I. - I 1.3 I. 2.0 

1094 P63261 actin 40 5.55 12 (37%) I 317 1.215·1·2!'8.1 -=· 1.4 I 1.8 I 3.0 I 1.8 I 1.9 
-

2234 P02766 transthyretin 13 5.57 9 (80%) 361 (3.0) 2.8 - (2.o) I 2.1 I - I (1.5) I 1.1 

1809 P04792 HSPB1 22 7.83 9 (46%) 289 (2.8) 'P - (1.3) 1 1.2 I 12 I (2.2) I 2.0 

1586 I 05SRT3 I ...... u•~• avcouular 
26 4.95 7 (29%) 179 1.2blil.2l6iil .. 1.6 I 2.4 I I 1.4 I 1.1 

channel1 -

830 I P05787 Cytokeratin 8 53 5.52 14 (32%) 141 ,.3!61112~411111 ... 12·1·2152.1 -*1 1.1 I 0.22 

455 I P02787 transferrin 55 6.00 7 (21%) 106 (2.8) 2.3 - (1.3) 0.77 16 (2.1) I 2.2 

2093 I 014558 Hspj36 (HSP20) 16 5.95 5 (38%) 162 (2.8) 2.3 - (1.6) 1.1 9.0 (1.8) I 1.4 

1306 I 043488 aflatoxin reductase 40 6.70 8 (30%) 227 (2.2) 2.1 - (1.6) I 2.02 I - I (1.3) I .76 

237 P08123 a2 type I Collagen 129 9.08 11 (10%) 175 (2.6) 2.0 - (1.0 0.080 39 (2.6) 2.0 

1069 P12277 Creatine kinase B 42 5.34 15(30%) 609 - - El 1.2 0.71 32 1.8 1.4 

870 P13646 Cytokeratin 13 49 4.87 19(34%) 514 (4.1) 1.9 - (2,6) 2.6 - (1.6) I 0.61 

1912 P09211 GST11 23 5.43 10(62%) 125 (2.1) 1.6 - (1.2) 0.56 20 (1.7) I 1.4 

1609 006323 PA28a 28 5.78 14 (54%) 99 112'3 •• 1!61112!8111111 (1.3) 0.62 32 1.8 I 1.0 



2006 I P04179 I Manganese SOD 22 6.86 7 (37%) 89 1.3 0.40 16 1.2f31113'1-311 .. (1.8) 1.5 

612 I Q5TCJ3 I Lamin AIC 65 6.40 19 (30%) 80 (1.6) 1.0 5.3 (2.6) 2.6 - 1.6 1.2 

1141 I P30740 I Vw't'".'::'.:.~wu~~•g~w I 42 I 5.90 I 18 (44%) 402 (1.2) 1.3 1.9 (2.1) 2.4 - 1.9 0.47 

1103 I Q81XI3 I Serpin 82 (SCCA 1) 44 6.35 16 (52%) 546 (1.7) 0.29 16 (2;0) 2.2 - 1.2 1.5 

1464 I P13645 I Cytokeratin 10 59 5.09 14 (22%) 122 (2.1) 1.3 1.9 (2.1) 2.1 - (1.0) 0.044 

753 I P02538 I Cytokeratin 6A 60 7.59 18 (31%) 274 (1.8) 0.88 6.7 (2.5) 1.8 1.6 1.4 0.56 

801 I P23381 I trp-tRNA synthetase 53 6.03 6 (35%) 235 1.7 0.97 13 (1.4) 0.98 13 

Table 2-1/dentified proteins ranked by d score. 
a) Spots were ranked in order of decreasing absolute value of d score as determined by SAM algorithm. Dark grey shading denotes up-

regulation in the indicated comparison, light grey shading denotes down-regulation, Jack of shading denotes not significant. Spot number~ 

as they appear on the master analytical gel. Protein accession numbers are from the SwissProt database. Predicted protein masses and 

isoe/ectric points are based on conceptual translation. CN: comparison of cancer and normal. HN: comparison of HSIL and normal. CH: 

comparison of cancer and HSIL. 

b) Number of peptides that matched the identified protein sequence, followed by percent sequence coverage. 

c) Mascot score based on combined peptide mass fingerprinting and masses of collisiona/ly-induced dissociation peptides 

d) Fold change in expression. Values in parentheses are decreases, other values are increases. 

e) Absolute value of d(i) from SAM calculation. 

f) False discovery rate from SAM calculation. 
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Figure 2-1: Experimental design and analytical workflow. 
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A. Experimental design. Specimens were obtained as described in Materials and 

Methods. Three experimental groups were analyzed. Normal and HSIL samples were 

patient-matched. Carcinoma samples came from different patients from whom normal 

samples were unavailable. The design permits paired comparison of specimens in 

normal and HSIL groups as indicated, and unpaired comparison of specimens in the 

cancer group with specimens in the other two groups. The order of analysis was 

randomized to preclude systematic bias. B. Analytical workflow. Following LCM and 

20-D/GE, data analysis was performed and potential biomarkers were ranked in order 

of priority as described in the text. A separate preparative gel was run containing Cy3 

labeled standard proteins alone (500 pg), matched to the analytical gel, and candidate 

biomarkers were excised, digested with trypsin, and analyzed by MALO/ TOF!TOF 

mass spectrometry for protein identification. 
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Figure 2-2: Representative histological sections. 
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Capture 

A. Histopathology of HSIL and cancer specimens. Prior to performing LCM, pilot sections 

were stained with hematoxylin and eosin to screen for /esional tissue (HSIL, 200X; 

cancer, 1 OOX). B. Typical LCM results. Frozen sections of normal cervical epithelium, 

high-grade squamous intra-epithelia/lesion (HSIL) and cervical squamous carcinoma 

(cancer) were stained with Nuclear Fast Red. Microscopic images before LCM and after 

LCM are shown along with the annealed tissue captured on the cap, Dark circles in the 

captured tissue represent sites of direct laser energy deposition, where the cap polymer 

annealed to the underlying tissue. Scale bar, 30 Jlm. 
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Figure 2-3: Differential expression analysis. 

A-D. Graphical representations of four candidate biomarkers. Graphs display the 

relative abundance of 4 proteins differentially expressed between normal, HSIL, 

and cancer samples. Relative abundance values (Y axis) is expressed on a 

logarithmic scale, with each unit increment representing a 2-fold change. Each 

circle indicates an individual tissue sample. Patient-matched samples are 

connected by the dashed lines. E. Heat map. The mean of each of the 

experimental groups was calculated and expressed as a heat map. Green 

indicates lesser relative abundance, red indicates greater (see scale). Arrows 

denote the candidate biomarkers detailed in preceding panels. 
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Figure 2-4: Immunohistochemistry of selected samples within the original 

cohort. 
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lmmunostaining was performed as described in Materials and Methods using 

representative frozen sections from patients in the indicated experimental groups. 

A. , anti-cornu/in, B., anti- PA28{3, C., anti-Hsp27 (HSPB1}, 0 ., anti-manganese 

superoxide dismutase. Graphs at left in each panel represent results of scoring on a 

standard 0-3 scale. Red symbols correspond to the images shown. Images at right 

are labeled according to sample code number. Brown chromogen represents 

positive staining. 
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Commercial microarray with samples drawn from an independent patient cohort. Scoring 

was as in Fig. 2-4. A, B, Histograms of staining intensity. C. Representative sections stained 

with anti-cornu/in demonstrating intense staining in normal and inflamed tissue, moderate 

staining in GIN, and reduced staining in cancer. D. Representative sections stained with 

anti-HSPB 1 demonstrating intense staining in normal, inflamed, and GIN, and large variance 

in cancer. 
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2.6.0 Supplemental Material for: Characterization of Molecular Markers 
Indicative of Cervical Cancer Progression 

2.6.1 LCM and 20-DIGE. 

Frozen sections (5 ~m) were stained briefly with Nuclear Fast Red and LCM was 

performed using an Arcturus PixCelllle microscope as described 38
• Caps, with polymer 

film and adherent cells, were placed onto a microcentrifuge tube containing lysis buffer 

(7 M urea, 2 M thiourea, 4% CHAPS, 0.4 mM AEBSF (protease inhibitor), 40 mM Tris

HCI pH 8, 5 mM Mg(0Ac)2). Tubes were inverted to wet the polymer film and incubated 

for 30 min at room temperature. The resulting extracts were sonicated five times for 30 

sec each and centrifuged at 14,000 g for 15 min, and the supernatant was transferred to 

a fresh tube. Quantities of labeling reagents were based on the estimate that 5000 cell 

samples contained about 1 ~g of extractable protein 38
•
91

. Tris-(2-carboxyethyl)-

phosphine (TCEP) was added (0.4 nmol), and the mixture was incubated 1 h at 37° C. 

Cy5 sulfhydryl-reactive dye was added (0.8 nmol, GE Healthcare, Buckinghamshire, UK) 

and incubation was continued for 30 min at 37° C. The reaction was terminated by 

addition of an equal volume of 2X sample buffer (7 M urea, 2 M thiourea, 4% CHAPS, 

"130 mM dithiothreitol,"2% ampholytes). After 15 min at 4° C, the sample was diluted to a 

final volume of 450 ~I with rehydration buffer (7 M urea, 2 M thiourea, 4% CHAPS, 13 

mM dithiothreitol, 1% ampholytes). The samples were stored frozen at -80 °C until use. 

Although freezing and thawing of samples reduced the quality of 20 gels in our previous 

study 38
, saturation labeling prior to freezing protects against this effect, perhaps by 

blocking oxidation of free cysteines. The internal standard was prepared by grinding bulk 

tissue under liquid nitrogen. Proteins were solubilized as described for LCM samples. 

Protein concentration was measured, and the samples were saturation-labeled with Cy3 

using the same ratio of dye and TCEP to protein as for the LCM samples. 
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A mixture of Cy5-labeled sample and Cy3-labeled internal standard was loaded 

into a 24 em strip holder containing a pH 3-10 nonlinear lPG strip and overlaid with 

lmmobiline DryStrip Cover Fluid (GE Healthcare). Rehydration was carried out for 15 h 

at 20° C with an applied electric field of 30 V. For first-dimension electrophoresis, electric 

potentials of 500 V for 1 h, 1000 V for 2 h, and 8000 V for 7 h were applied. The strip 

was removed and equilibrated twice in 6 M urea, 100 mM Tris-HCI, pH 8, 2% SDS, 32.5 

mM dithiothreitol, and 30% glycerol for 15 min at room temperature. The strip was 

applied to the top of a 12.5% SDS gel (25 em X 20 em X 0.1 em), and electrophoresis 

was performed using 10 mA per gel overnight. The gel was removed and scanned using 

a GE Healthcare Typhoon 9400 Series Variable Imager. 

2.6.2 Preparative gel for protein identification. 

For the preparative gel, a volume of cervical tissue protein lysate containing 500 

J.Jg of internal standard in lysis buffer (described above) was labeled in a reaction 

containing 20 mM Cy3 sulfhydryl-reactive dye, 1X sample buffer (7 M urea, 2M thiourea, 

4% CHAPS), 1% Pharm"llytes, and 130 mM dithiothreitol in a final volume of 450 JJI. The 

mixture was loaded into a 24 em strip holder containing a pH 3-10 nonlinear lPG strip 

and overlaid with lmmobiline DryStrip Cover Fluid. The sample was separated in the first 

and second dimensions as described above. The gel was scanned, and then fixed with 

30% methanol and 7.5% acetic acid solution. The preparative gel image was matched 

to the analytical gel images to obtain coordinates for spots of interest. Protein plugs were 

robotically cored and transferred to a 96 well plate for tryptic digestion. 

2.6.3 Coefficients of variation. 

A pilot experime~t was performed to analyze the reproducibility of combined 

LCM and 20-DIGE analysis. Specimens A and B consisted of a normal epithelium and a 



malignancy from human cervix. We sampled each specimen in triplicate by LCM and 

analyzed proteins by 20-DIGE. We used a pooled internal standard prepared by 

macroscopic dissection of tissue blocks representing the two specimens. We matched 

protein spots based on their presence in all six internal standard images. We matched 

261 spots across the entire data set. For each spot in each gel, we determined the 

abundance relative to the same feature in the internal standard to derive an "internal 

ratio" (IR) as described as described in Materials and Methods. For each feature, we 

determined the mean IR as well as a within-group coefficient of variation (CV). A 

histogram showing the distribution of CVs is shown in the figure. The median CVs for 

Specimens A (normal cervical epithelium) and B (squamous cervical carcinoma) were 

23.1% and 22.7%, respectively. 
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Only a fraction of the features in a proteomic data set are potential biomarkers 

since the majority of the features are invariant between sample groups. To focus on the 

most relevant subset of the data, we considered 94 features with 2-fold or greater 

differences between normal and cancer as potential biomarkers. The distribution of CVs 

in this subset was similar to that in the full data set (Panel B). Although the 2-fold cutoff 

is arbitrary (chosen for exploratory purposes and not based on explicit statistical 

reasoning) the use of a different threshold would not materially alter the overall 

conclusion that the distribution for CVs among potential biomarkers is similar to that in 

the data set as a whole. 

2.6.4 Differential expression of candidate biomarkers. 

Graphs display the relative abundance of 31 proteins that were selected for mass 

spectrometry analysis. Relative abundance values (Y axis) are expressed on a 

logarithmic scale, with each unit increment representing a 2-fold change. Each circle 
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indicates an individual tissue sample. Patient-matched samples are connected by 

dashed lines. Brackets indicate intergroup comparisons that met the criteria for 

candidate biomarkers (see Results section). Note that some candidate biomarkers met 

criteria in more than one comparison. Spot numbers relative to master gel and identity 

obtained by mass spectrometry analysis are indicated. There were two spots that could 

not be identified, and there were five instances of nearby co-regulated spots that were 

identified as the same protein. These duplicates are shown here but were consolidated 

in Table 2-1. A representative mass spectra (Fig. 2-8) and 20-Gel (Fig. 2-9) are also 

shown. 

2.6.5 Supplementary Table 1 (Table 2-2): Literature review. 

We searched the literature for previous reports for the involvement of our 

candidate proteins in human cancer, and relevant citations are presented in the table. 

Proteins from Table 2-1 of the main text are grouped according to intracellular location 

and function. The change in expression levels in different comparisons is indicated by up 

or down arrows. HN, HSIL versus normal; CN, cancer versus normal, CH, cancer versus 

HSIL. HSIL in bold denotes the only comparison to date comparing the proteomes of 

normal tissue and high-grade squamous intraepitheliallesions. 
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A. Mass spectrum - spot 667 

B. Peptide coverage 
MPOLLONINGIIEAFRRYARTEGNCTALTRGELKRLLEQEFADVIVKPHDPATVDEVLRL 

LDEDHTGTVEFKEFLVLVFKVAQACFKTLSESAEGACGSQESGSLHSGASQELGEGQRSG 

TEVGRAGKGOHYEGSSHRQSQQGSRGQNRPGVQTQGQATGSAWVSSYDRQAESOSOERIS 

POIOLSGQTEOTOKAGEGKRNOTTEMRPERQPOTREODRAHQTGETVTGSGTQTQAGATQ 

TVEQDSSHQTGRTSKOTOEATNDONRGTETHGQGRSQTSQAVTGGHAQIQAGTHTQTPTQ 

TVEQDSSHQTGSTSTQTQESTNGQNRGTEIHGQGRSQTSQAVTGGHTQIQAGSHTETVEQ 

DRSOTVSHGGAREOGC[OTOPGSGORWMQVSNPEAGETVPGGQAQTGASTEPGRQEWSST 

HPRRCVTEGQGDR9PTVVGEEWVDDHSRETVILRLDOGNLHTSVSSAOGQDAAQSEEKRG 

ITARELYSYLRSTKP 

Figure 2-8: Mass spectrometry analysis. 

A. MALO/ mass spectrometry spectrum of the tryptic peptides derived from 

spot 667. Asterisks denote peptides matched to the cornu/in sequence. B. 

Peptide coverage showing the 15 peptides (underlined) within the cornu/in 

sequence identified by peptide mass fingerprint and collision-induced 

dissociation-MSIMS. 
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PA28P 
lransthyretin 
HSPB1 

• • 

.--------- trp-tRNA synthase 
cornu lin 

serpin 81 
.-------- transferrin 

• 

serpin 63 
,-------- keratin 6A 

laminiVC 

I--- o2 Ope I ooiOgb 

• • 
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L----=====..:a:fla:to~x~in reductase DJ-1 
HSP P6 

Figure 2-9: Representative gel showing migration of candidate biomarkers. 

The gel is oriented with the acidic end (pH = 3) to the left and the basic end (pH 

= 1 0) to the right. In the second dimension, molecular weights decrease from top 

to bottom. The image is of the Cy3 (internal standard) channel for a 

representative analytical gel, with spots subsequently identified by MS labeled. 

Migration of all spots is consistent with calculated molecular weight and pi, 

except for Cytokeratin 10, which migrated more rapidly in the second dimension 

than predicted. 
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Location Function Change Proteins identified Prior evidence of cancer involvement 

Differentiation marker -1-CN, HN, cornulin .!-esophageal 92
'
93

, laryngeal 93
, oral 

CH squamous cell 94 

tCN DJ-1 protein Transforms mouse fibroblasts in vitro 
75

; tbreast 76
, lung 77 pancreatic 95

, 
Oncogene prostate 78

'
96

, ovarian 70 
. 

.!-hepatocellular carcinoma97 

-1-HN Serpin 81 (elastase inhibitor) .!-esophageal 98
, with HPV E7 

expression 99
, HSIL 100 

. 
toral squamous cell 101 

Protease inhibitor -1-HN Serpin 83 (SCCA 1) tcervical cancer 51
'
52

, hepatocellular 
102 

Intracellular or .!-esopha~eal91 •98 •103 head and neck 

membrane cell lines 04
, HSIL 1

bo 

(nonstructural) teN PA28a tinfiltrating ductal carcinoma of the 

Antigen processing, 
breast 86 -1-h~tocellular carcinoma97 

immunomodulation tCN, CH PA28P 

tCH trp-tRNA synthetase gastric cancer cells 105 

-1-CN HSP81 (HSP27) tcervical 73
, endometrial106

, oral 
squamous cell 107

, hepatocellular 108
, 

node positive colorectal cancer 109 

Molecular chaperone 
-1- cervical 64

, oral squamous cell 101
; 

reviewed in 110 

-1-CN, HN HSPP6 (HSP20) .!-oral ~uamous cell carcinoma 111 

ion channel teN Intracellular Cl' channel1 tgastric carcinoma 112
, colorectal 1

113
, 

HSIL 1oo 



Intracellular 

(structural) 

teN Creatine kinase 8 

Energy metabolism 

-l.CN I Aflatoxin reductase 

tHN Manganese SOD 

Detoxifying enzymes 

-l.CN GST 1t 

-l.CN,HN Cytokeratin 13 

-l.HN, CN Cytokerati n 1 0 

-l.HN Cytokeratin 6A 

Intermediate filament I teN Cytokeratin 8 

-l.HN LaminNC 

70 

tovarian 114
, small cell lung cancer115 

-!.gastric adenocarcinoma 
endometrial cancer117 

116 

tcervical cancer ~also 
radioresistancet5

, gastric11 
"
121

, 

esophaaeal 1 0
•
121

, colorectal 122
, 

breast 1~3 • lung 124
, HSIL 100 

-!.pancreatic cancer cell lines 125
, 

prostate cancer 126
, oral squamous 

cell carcinoma 101 

-!.with HPV E7 expression 67
, 

conflicting reports in cervical cancer 
(see 127

) 

tmantle cell lymphoma 128
, 

bladder/ureteric cancer 129
, cervical 

cancer 130 

-!.cervical cancer 130 50,131-133 

transitional cell carcinoma 134
, orai 

~uamous cell carcinoma 101
, HSIL 100 

-!.cervical cancer 131
•
135 

tsquamous cell, basal cell carcinoma 
136 HSIL 100 

' 
tcervical cancer72

, breast 137
, 

squamous cell carcinoma 134
, 

transitional cell carcinoma 138
, gastric 

cancer 139
, HSIL 100 

tsquamous cell/basal cell carcinoma 
140

, oral squamous cell carcinoma 101
, 

ovarian carcinoma 141
, HSIL 100 

-!.colonic adenoma/carcinoma 142 
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!CNHN transthyretin !ovarian cancer 89,143 pancreatic ' 144 renal cell carcinoma cancer . 
Serum transporter jserum~ 145 

Extracellular 
!CN,CH transferrin !ovarian cancer:_t;erum_l89 

Matrix !CN,CH a2-type 1 collagen '!'gastric cancer 146
, malignant pleural 

mesothelioma 147 

Table 2-2: Literature review of identified proteins. 
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ABSTRACT 

Squamous cell carcinomas arising from various subsites within the head and neck 

(HNSCC), while histologically identical, have substantial differences in survival and 

recurrence rates. Controversy exists as to whether this reflects physical differences 

between subsites or fundamental molecular heterogeneity. In this study, we used two 

proteomic approaches to evaluate HNSCCs for differences in protein expression 

between oral cavity, oropharynx, larynx and hypopharynx subsites. A tissue microarray 

(TMA) was constructed consisting of 71 patients with HNSCC. This TMA was queried for 

expression of 4 cell- cycle and regulatory proteins chosen a priori for their known roles in 

cancer, using automated quantitative analysis (AQUA) of protein expression. Frozen 

tissue samples from 14 patients with histologically confirmed HNSCC were enriched for 

tumor and normal tissue by laser capture microdissection. Total protein was extracted, 

analyzed by 20-difference gel electrophoresis (20-0IGE) with saturation dye labeling, 

and evaluated for differential protein expression between subsites. AQUA analysis 

likewise revealed no difference between subsite for cyclin 01, p53, Rb, or p14 

expression. Proteomic analysis was based on 28 gels (14 cancer, 14 adjacent normal) 

and 732 spots were identified as matching across >90% of gels. Statistical analysis 

detected no significant differences in protein expression between subsites. Observed 

differences in outcomes between HNSCCs from different subsites are unlikely to reflect 

differences in tumor biology between subsites. It is possible that the observed 

heterogeneity in clinical behavior among HNSCCs may be based on fundamental 

differences in carcinogenesis such as viral versus chemical carcinogenic insult. 

3.1.0 Introduction 

Squamous cell carcinoma of the head and neck (HNSCC) represents 5% of 

newly diagnosed cancers in adult patients, with an annual incidence of more than 
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500,000 new cases worldwide 20
. The overall five-year survival rate for all cases is 64% 

20
, but it is a heterogeneous disease. Many factors, including disease stage, subsite, 

age, the presence of high risk type human papillomavirus, and other comorbidities, are 

important prognostic variables. The site of origin within the head and neck is among the 

most important of these. Five-year survival rates by site range from 91% (lip) to 69% 

(larynx) to 31% (hypopharynx) 20
•
30

• Controversy exists as to whether this reflects 

physical differences based on anatomic location and lymphatic drainage or fundamental 

molecular heterogeneity between subsites. 

Anatomic differences have been proposed to underlie the clinical disparity 

observed between tumors arising from different head and neck subsites. Certain 

subsites, such as the hypopharynx, have increased vascularity and lymphatic drainage 

compared to other sites such as the glottic larynx 148
•
149

• This may predispose tumors 

arising from certain locations to early nodal and distant metastatic spread. In addition, 

tumors within some subsites are clinically evident at a much earlier stage than other 

subsites. Lip and most oral cavity cancers are amenable to direct inspection by any 

medical provider, and sometimes even the patient themselves. Thus it is possible that 

cancers in these locations are more likely to be diagnosed at an early stage, in contrast 

to cancers which arise at more distal sites. Examination of these locations often requires 

specialized examination skills (indirect mirror laryngoscopy, trans-nasal flexible fiber 

I 
optic exam, etc.) for visualization. This makes examination of these areas less 

accessible unless the patient is seen by a physician with these skills and instruments. 

Similarly, cancers of the glottic larynx cause hoarseness as an early symptom, 

often prompting early evaluation. Early stage (TNM 1111) HNSCC carries a far better 

prognosis than does advanced stage (III/IV) disease: 5-year survival rates are 
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approximately 75% for stage 1/11 disease but are less than 30% for stage III/IV disease 

150-152 

Alternately, it has been suggested that fundamental differences in molecular 

mechanisms underlying cancer progression account for differences in outcome between 

head and neck subsites. Differential expression of EGFR, cyclin D1 and MMP2 have 

been reported by several investigators between different tumor subsites 153
.
157

. However, 

other studies have found no molecular differences in p53, cyclin D1, p21, VEGF or Rb 

between HNSCCs from differing subsites 158
•
159

• It is unclear to what extent differences in 

patient populations or methodologies may explain the conflicting results. 

Quantitative proteomic profiling affords one approach to determine if molecular 

differences exist between subsites. We sought to determine if molecular differences in 

protein expression exist between HNSCC arising from different subsites. We used two 

methods to assess differences in protein expression: automated quantitative (AQUA) 

analysis of protein expression and 2D-difference gel electrophoresis (20-DIGE). For the 

AQUA study, we used antibodies for p14, cyclin D1, pRB, and p53, as previous analyses 

with these proteins have been inconclusive 155
.
159

. AQUA allows quantitative 

determination of protein expression while preserving sub-cellular localization information. 

In the 2D-DIGE study, we used laser capture microdissection (LCM) to isolate pure 

lesional tissue, followed by saturation dye labeling and 2D-DIGE to obtain protein 

profiles from as little as 1 llg of total protein, a procedure validated previously where 

sample abundance was limiting 36
•
38

•
55

•
57

•
58

•
160

• Proteins of interest are defined using 

purely statistical criteria, without requiring or using any prior knowledge about their 

biological function. The two approaches are complementary, and in this study we used 
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both to address whether tumors from different subsites within the head and neck differ in 

their molecular characteristics. 

3.2.0 Methods 

3.2.1 Patient selection. 

The TMA cohort was assembled from patients with primary squamous cell 

cancer treated at Yale-New Haven Hospital between 1992 and 1999 enrolled in a 

prospective, randomized clinical trial 161
• Patients were treated with primary external 

beam radiotherapy (EBRT) ± a radiation sensitizer (porfiromycin or mitomycin c). 

Exclusion criteria from the TMA cohort were presentation with metastatic disease, 

paranasal sinus cancers, non-squamous cell histology, lack of available archival tissue, 

and failure to receive a full course of radiation therapy. Patients included in the 20-DIGE 

cohort we~e drawn from a prospectively collected cohort of patients with histologically 

confirmed. HNSCC treated at the Medical College of Georgia from 2004 to 2007 who 

enrolled in a voluntary tissue I tumor banking registry. All patients with available 

matching tumor and adjacent histologically normal frozen tissue at study inception were 

included. ·complete demographic and treatment information was maintained for all 

patients included in the registry. All biopsy specimens for both cohorts were obtained 

pre- chemotherapy and/or radiotherapy. 

3.2.2 AQUA methods. 

The tissue microarray (TMA) was constructed as described and included 71 

cases 162
• Pilot sections from archival paraffin-embedded formalin-fixed tissue blocks 

were hematoxylin/eosin stained and reviewed by a pathologist to select areas of invasive 

tumor. Cores were taken ·using 0.6 mm2 blunt-tip needles and placed on the recipient 

microarray block using a Tissue Microarrayer (Beecher Instrument, Silver Spring, MD). 
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Tumors were represented with two-fold redundancy, which has been shown to provide a 

sufficiently representative sample 163
"
165 

_ 5-l-lm sections were placed on glass slides 

using an adhesive tape transfer system (lnstrumedics, Inc., Hackensack, NJ) with UV 

cross-linking. Tissue mic~oarray slides were deparaffinized with xylene followed by 

ethanol, rehydrated, and processed for antigen retrieval by pressure cooking in 0.1 M 

citrate buffer, pH 6.0. Slides were incubated in 0.3% hydrogen peroxide in methanol for 

30 min to block endogenous peroxidase, followed by 0.3% bovine serum albumin (BSA) 

for 30 min at room temperature to block nonspecific antibody binding. Slides were 

incubated separately with the following mouse monoclonal primary antibodies at 4 ·c 

overnight: anti-p14, US Biological L4050705; anti-cyclin 01, Abeam ab6152; anti-Rb, 

Neomarkers 1 FB; anti-p53, DAKO clone 007. Slides were incubated with goat anti

mouse secondary antibody conjugated to a horseradish peroxidase-decorated dextran 

polymer backbone (Envision; DAKO Corp.) for one hour at room temperature. Tumor 

cells were identified by use of anti-cytokeratin antibody cocktail (rabbit anti

pancytokeratin antibody z0622; DAKO Corp.) with subsequent goat anti-rabbit antibody 

conjugated to Alexa546 fluorophore (A 11035, Molecular Probes). Nuclei were 

counterstained with 4', 6-diamidino-2-phenylindole (DAPI). Target antigens were 

visualized with a fluorescent chromogen (Cy5-tyramide; Perkin Elmer Corporation). 

Slides were mounted with a polyvinyl alcohol-containing aqueous mounting media with 

antifade reagent (n-propyl gallate, Acros Organics). 

The AQUA was performed as described 91
. Monochromatic, 1024 x 1024 pixel, 

0.5 1-1m resolution images were obtained of each histospot using filter cubes specific to 

the emission/excitation spectra of DAPI (358/461 nm), Alexa 546 (556/573nm), and Cy5 

(650/670nm) (Optical Analysis, New Hampshire). Tumor and stroma were distinguished 

by creating a cytokeratin mask based on the Alexa 546 signal, and a tumor nuclei-
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specific compartment was defined using DAPI signal within the previously defined tumor 

mask. Overlapping pixels (to a 99% confidence interval) were excluded from the nuclear 

compartment. 

AQUA score was expressed on a normalized scale of pixel intensity divided by 

target area (tumor nuclei compartment). Duplicates were averaged, and scores across 

subsites were compared by non-parametric Kruskai-Wallis test 166
• Comparisons with 

clinical and pathological variables gender, ethnicity, TNM stage, histologic grade, and 

head and neck subsite was made using non-parametric Wilcoxon rank sums test (for 

dichotomous variables) and Kruskai-Wallis test (for 3+ categorical variables) 166
•
167

• 

Nuclear protein expression for p14, cyclin 01, Rb and p53 (by AQUA) was compared by 

non-parametric Spearman correlation coefficient 168
. All calculations and analyses were 

performed with SPSS 11.5 (SPSS inc., Chicago IL). 

3.2.3 Laser: capture microdissection and 2D-D/GE. 

Frozen sections (5 !Jm) were stained briefly with Nuclear Fast Red and LCM was 

performed using an Arcturus PixCelllle microscope as described 38
. Caps with polymer 

film and adherent cells were placed onto a microcentrifuge tube containing lysis buffer (7 

M urea, 2 M thiourea, 4% CHAPS, 0.4 mM AEBSF (protease inhibitor), 40 mM Tris-HCI 

pH 8, 5 mM Mg(OAch). Tubes were inverted to wet the polymer film and incubated for 

30 min at room temperature. The resulting extracts were sonicated five times for 30 sec 

each and centrifuged at 14,000 g for 15 min, and the supernatant was transferred to a 

fresh tube. Protein concentration was assayed using the 20-Quant Kit (GE Healthcare). 

Tris-(2-carboxyethyl)-phosphine (TCEP) was added (0.4 nmol), and the mixture was 

incubated 1 h at 37° C. Cy5 sulfhydryl-reactive dye was added (0.8 nmol, GE 

Healthcare, Bucking hamshire, UK) and incubation was continued for 30 min at 37° C. 
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The reaction was terminated by addition of an equal volume of 2X sample buffer (7 M 

urea, 2M thiourea, 4% CHAPS, 130 mM dithiothreitol, 2% ampholytes). After 15 min at 

4° C, the sample was diluted to a final volume of 450 IJI with rehydration buffer (7 M 

urea, 2 M thiourea, 4% CHAPS, 13 mM dithiothreitol, 1% ampholytes). A mixed internal 

standard was prepared by combining an aliquot of protein lysate from each sample. This 

mixture was saturation-labeled with Cy3 using the same ratio of dye and TCEP to 

protein as for the Cy5-labeled samples. Samples were stored frozen at -80 oc until use. 

A mixture of Cy5-labeled sample and Cy3-labeled internal standard was loaded 

into a 24 em strip holder containing a pH 3-10 nonlinear lPG strip and overlaid with 

lmmobiline DryStrip Cover Fluid (GE Healthcare). Rehydration was carried out for 15 h 

at 20° C with an applied electric field of 30 V. For first-dimension electrophoresis, electric 

potentials of 500 V for 1 h, 1000 V for 2 h, and 8000 V for 7 h were applied. The strip 

was removed and equilibrated twice in 6 M urea, 100 mM Tris-HCI pH 8, 2% SDS, 32.5 

mM dithiothreitol, and 30% glycerol for 15 min at room temperature. The strip was 

applied to the top of a 12.5% SDS gel (25 em X 20 em X 0.1 em), and electrophoresis 

was performed using 1 0 rnA per gel overnight. The gel was removed and scanned 

separately for Cy5 and Cy3 fluorescence using a GE Healthcare Typhoon 9400 Series 

Variable Imager. 

Spots were defined using the GE Healthcare OeCyder software package and 

matched across all gels. Intensity data were log transformed and normalized such that 

the mean log spot intensities in the Cy5 and Cy3 images of each gel were equal. We 

calculated an internal ratio (IR) of the normalized volume of each spot in the 

experimental sample versus the volume of the same spot in the internal standard: 
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where, So.» is the normalized volume of sample spot ion gel j, and IS<;.n is the normalized 

volume of the corresponding internal standard. This IR is a measure of relative protein 

abundance in the sample and can be used as the basis for between-sample 

comparisons. Candidate biomarkers were identified and ranked using the ln(IR)<;.il values 

as input for a Significance Analysis of Microarray (SAM, version 3.0, available at 

http://www-stat.stanford.eduHibs/SAM/). For each spot, the SAM analysis provides a 

relative difference score, d(1), that is calculated based on the average difference 

between groups divided by the sum of the spot-specific scatter (variance) and a 

measure of scatter (variance) common to all proteins 61
. The false discovery rate (FDR) 

for each spot is calculated based on permutations of the data 169
. Cancer and normal 

tissue samples from the same location were taken from the same patient resulting in 

paired data within each cancer location. As such, all comparisons involving cancer 

versus normal tissue used paired analyses, while comparison of cancer locations used 

unpaired analyses. Data were further analyzed with the DeCyder Extended Data 

Analysis (EDA) software to perform a principal component analysis and hierarchical 

clustering using average linkage. 

3.3.0 Results 

3.3.1 Patient demographics. 

In the AQUA cohort, there were 71 patients that met criteria and were included in 

the TMA. There were 59 males and 12 females with age at diagnosis ranging from 36 to 

76 years. In the LCM/2D-DIGE cohort there were 14 patients. There were 7 males and 7 

females with age at diagnosis ranging from 45 to 74 years. In both cohorts, patients 

were classified by gender, primary subsite, tumor-node-metastasis (TNM) stage, 

histologic grade, tumor type (recurrent versus primary) and management (Table 3-1). 
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3.3.2 AQUA quantitatiVfl protein expression analysis. 

AQUA was performed as described in Materials and Methods using antibodies to 

p14, cyclin 01, Rb and p53. For each antibody, scores were reported as the mean of two 

duplicate histospots, colocalized to the nuclear subcellular compartment. There was 

considerable inter-individual variation (median coefficient of variation) but no obvious 

difference between subsites. To explore more thoroughly whether there were any 

significant differences, protein expression scores were compared between subsites by 

nonparametric Kruskai-Wallis t~st. There was no significant difference between subsites 

for any of the examined proteins (p>0.50, Figure 3-1 and Table 3-2). Similar results were 

obtained after removing the unknown primary patients from the analysis (data not 

shown). 

Secondary analysis was performed to correlate AQUA scores for each protein 

with pathologic and demographic variables, and between AQUA scores. There was a 

significant positive correlation between nuclear p14 (p=0.03) and Rb (p=0.04) 

expression and advanced (stage 3 or 4) disease. Poorly differentiated tumors had 

elevated p53 levels compared to well or moderately differentiated tumors (p=0.02). 

There was a significant correlation between p14 and cyclin 01 (p<0.001), Rb (p=0.012) 

and p53 (p=0.003) expression, and between cyclin 01 and Rb (p=0.004) expression by 

AQUA There were no other significant correlations between proteins. Figure 3-2 

presents graphical scatter plot representations of nuclear protein expression 

correlations. 

3.3.3 LCM/20-DIGE analysis. 

To expand the search for differences in protein expression patterns between 

subsites, we performed large-scale proteomic profiling. A second cohort was identified 
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for which matched tumor and adjacent normal frozen tissue was available, as proteomic 

profiling by LCM/2D-DIGE analysis cannot be performed with fixed specimens. Pure cell 
' 

samples from Jesional tissue were obtained by LCM as described in Materials and 
' . 

Methods. Figure 3-3 depicts tissue sections before and after LCM enrichment, as well as 

a representative 2D gel that demonstrates the ability of the procedure to separate 

individual proteins in two dimensions. Approximately 5,000 cells for each sample were 

captured. For quantitative analysis, proteins from 28 samples (14 cancer and 14 

matched normal) were extracted, labeled, and analyzed by 2D-DIGE. An average of 

2156 spots was identified by the DeCyder software on each gel. Of these, an average of 

1310 was matched to the master spot map. From this group of spots, manual inspection 

revealed that 732 spots were unequivocally present on >90% of gels. We determined an 

expression level for each· spot in each gel with reference to the invariant internal 

standard (see Materials and Methods). 

The JR values were used as input data for a SAM calculation, which was 

performed as described in Materials and Methods. We performed a multiclass SAM 

analysis based on the difference of cancer and patient-matched normal expression 

values for each spot. There were no significant differences by subsite based on a cutoff 

value of FDR<10% (data not shown). We performed an additional multiclass SAM 

analysis based on the sum of the cancer and normal expression values for each spot. 

This analysis was designed to detect differences based on the anatomical location from 

which the tissue was derived irrespective of whether it was cancerous. There were again 

no significant differences detected between subsites. 

To demonstrate that the analytical methods were sensitive and appropriate, we 

performed a paired analysis of all cancers and all normal, regardless of subsite. Results 



are plotted in Figure 3-4A. Spots that fall outside the parallel diagonal lines are ranked 

as potentially significant, defined in this case as having an estimated false discovery 

probability o~ less than 1 ~%. As expected, many significant differences were detected. 

There were 348/732 proteins (47.5%) that showed significant differences applying a 

FDR=10%, and 129/732 (17.6%) remained significant at a more stringent FDR=O. By 

contrast, pair-wise comparisons of cancers by subsite (laryngeal cancer versus oral 

cancer, laryngeal cancer versus oropharyngeal cancer, and oropharyngeal cancer 

versus oral cancer; Figures 3-48, 3-4C, and 3-40) showed no proteins that met the 

threshold for significance. 
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A secondary analysis was performed by hierarchical clustering and principal 

component analysis using DeCyder EDA software. A heat map (Figure 3-5A) depicts 

relative abundance of each protein in each sample using a color scale, with samples 

grouped using a hierarchical clustering algorithm. Cancer and normal samples clustered 

spontaneously in two groups, but within these groups, specimens did not cluster by 

anatomical subsite. A similar conclusion is reached by principal component analyses 

(Figure 3-58). Cancer and normal specimens each formed discrete clusters, whereas 

anatomic subsites were intermingled. 

3.4.0 Discussion 

It is well established that HNSCCs from different subsites, although histologically 

identical, differ in survival and recurrence rates 150
. One hypothesis to explain this 

observation is that there are characteristic molecular alterations particular to tumors 

arising at different subsites. If so, these should be detectable by proteomic profiling. In 

the present study we applied two complementary, quantitative profiling methods. AQUA 

is an antibody-based approach that allows measurement of a predetermined set of 
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markers while preserving spatial information. 20-0IGE is a biochemical approach based 

on separation and quantification of proteins without prior assumptions about which 

proteins are likely to be important in a given biological process. We found no significant 

differences at the proteomic level when HNSCCs arising at different anatomical subsites 

I 
were compared. 

Prior studies have provided conflicting evidence whether there are fundamentally 

different molecular mechanisms underlying cancer progression in varying subsites within 

the head and neck. An early study of Takes eta/. examined three of the same markers 

characterized here, cycli~ 01, p53, and Rb 155
• These authors reported that cyclin 01 

was elevated in pharyngeal cancer compared to other subsites, whereas differences in 

the other markers were not significant. Consistent with this cyclin 01 finding, two studies 

by Freier eta/. reported that cyclin 01 protein was elevated in pharyngeal and laryngeal 

cancers and that the corresponding CCN01 locus was amplified in pharyngeal cancer, 

relative to other sites 156
•
157

. By contrast, Huang eta/. showed that, although the CCN01 

locus was ·often amplified in HNSCC, there were no significant differences between 

subsites 156
• Similarly, Volavsek eta/. reported no differences in p53, cyclin 01, p21, or 

Rb levels between cancers of the hypopharynx and larynx subsites 159
. Our 

immunohi.stochemistry data, acquired using the AQUA methodology, agree with the 

latter two studies. 

It is possible that methodological differences or limitations play some role in 

explaining the differences between studies, for ·example the use of AQUA versus other 

scoring methodologies for immunohistochemistry, or the analysis of microdissected 

tissue versus bulk specimens. AQUA has proven useful, however, for detecting 

prognostically important biomarkers, as well as for performing high-throughput pathway 
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analysis 17
0-

172
. It is possible, however, that differences by subsite in other proteins not 

examined here could exist. Similarly, 20-0IGE is only able to sample a small portion of 

the express~d proteins in· a human cell (<1% based on a proteome size of 1 x1 05 or 

more) 173
. Several authors have demonstrated that the combined LCM/20-0IGE 

technique used in the current study is sensitive enough to discern subtle differences 

between similar groups, such as between cancer stages or subtypes 38
•
174

•
175

• 

Our finding of no systematic difference between HNSCCs from various subsites 

within the head and neck should not be taken to imply a lack of heterogeneity among 

HNSCCs. By AQUA analysis we found a large median coefficient of variance for each 

cell cycle protein studied, demonstrating considerable inherent biologic diversity within 

HNSCCs. There is no a priori reason why similar aerodigestive mucosal surfaces should 

have fundamentally different carcinogenic pathways based only on anatomic subsite 

designation, anymore than a basal cell carcinoma of the cheek should be molecularly 

distinct from a basal cell carcinoma arising on the arm. Instead, we propose that 

observed heterogeneity may reflect divergent etiologic pathways irrespective of subsite. 
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Table 1: Demographic, clinical and pathologic data. 

20-DIGE TMACohort 
Cohort 

Gender Male 7 59 
Female 7 12 

Primary Subsite Oral Cavity 7 23 

Oropharynx 3 13 
Larynx 4 16 
Hypopharynx n/a 10 
Unknown Primary n/a 9 

TNM stage 1111 3 7 
II/IV 11 61 

Grade A Well differentiated 0 5 

Moderately diff. 8 34 
Poorly diff. 6 7 

Tumor Type Primary 14 68 
Recurrent 0 3 

Management Primary radiotherapy 5 71 

Post-op radiotherapy 7 0 

Chemotherapy 5 51 
No chemotherapy 9 20 

A = 25 patients histologic grade not recorded. 

Table 3-1: Demographic, clinical and pathologic data. 
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Table 2. Cell cycle control_m-otein expression by AQUA analysis 
Median AQUA score !lnterauartile Rance) 

Subsite J214 CJ1Ciin 01 Rb J253 

All sites , 30.0 (14.6) 38.4 (13.7) 18.0 (21.1) 2.8 (3.6) 
Unknown 30.1 (18.0) 39.2 (13.1) 16.4 (43.7) 4.1 
Oral Cavity 27.0 (10.6) 39.8 (17.2) 13.9 (14.5) 2.7 (1.4) 
Oropharynx 34.6 (18.5) 38.2 (17.0) 18.0 (20.4) 3.4 (3.9) 
Larynx 33.7 (14.9) 40.4 (13.9) 26.5 (29.3) 2.6 (7.9) 
Hypopharynx 30.8 (25.7) 31.8 (1 0.6) 19.1 (13.8) 5.4 (7.9) 

Table 3-2: Cell cycle control protein expression by AQUA analysis 
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Figure 3-1: Protein expression between subsites. 

Nuclear expression of cell cycle control proteins was compared by anatomic subsite 

within the head and neck. There were no significant differences in panels A-D when 

stratified by subsite. Circles represent outliers. 
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Figure 3-2: Protein expression correlation by AQUA. 

Nuclear expression of cell cycle control proteins w<:~s correlated by Spearman 

correlation. Significant correlations are shown for p14 and Rb, eye/in 01 and p53 as 

well as between Rb and eye/in 01. Lines represent correlation plots with 95% 

confidence intervals. 
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A. B. c. D. E. 

pilot section (H&E) prior to LCM during LCM tissue left by LCM cells selected by LCM 

F. lsoelectric point (pi) 

acidic basic 

Figure 3-3: LCM and 20-DIGE. 

Panels A-E illustrate the process of LCM. Panel A is the hematoxylin and eosin 

stained pilot section. 8 shows the nuclear fast red-stained sample prior to LCM. In C, 

the black circles indicate areas where the laser has impacted the tissue. 0 shows the 

leftover tissue that remains on the slide. E shows the captured tissue. Panel F shows 

a representative merged image of a 20 gel. Proteins from the captured tissue (tumor 

labeled with Cy5 and shown in red, mixed internal standard labeled with Cy3 and 

shown in green) are separated based on isoelectric point and molecular weight. 

Proteins more abundant in the mixed internal standard are green, proteins more 

abundant in cancer are red and equally expressed proteins are yellow. 
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These panels depict the graphical representation of the SAM analysis. The 

diagonal lines delineate the bounds for normal variation. Circles that are outside 

the lines represent proteins that are differentially expressed between samples, with 

either increased abundance in normal (red), or increased abundance in cancer 

(green), as in panel A, a comparison of normal and cancer. Circles within the lines 

represent proteins that are not significantly different in the comparison, as in 

panels B, C, and D, representing the comparisons between laryngeal versus oral 

cancer, oropharyngeal versus laryngeal cancer, and oropharyngeal versus oral 

cancer, respectively. 
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Figure 3-5: Heat map and principal component analysis. 

Panel A is a heat map representing the 732 proteins present on >90% of all gels. 

LN=Laryngeal Normal, LC=Laryngeal Cancer, ON=Oral Normal, OC=Oral 

Cancer, OPN=Oropharyngeal Normal, OPC=Oropharyngeal Cancer. The black 

line in the middle indicates separation of cancer and normal. B. Principal 

Component Analysis derived from the expression levels of the same 732 proteins. 
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4. LARGE-SCALE ANALYSIS OF PROTEIN EXPRESSION 

CHANGES IN HUMAN KERATINOCYTES IMMORTALIZED BY 

HUMAN PAPILLOMA VIRUS TYPE 16 (HPV 16) E6 AND E7 

ONCOGENES 

Mark A. Merkley, Ellen Hildebrandt, Robert H. Podolsky, Hilal Arnouk, Daron G. Ferris, 

William S. Dynan, and Hubert Sloppier 

MAM performed all of the proteomic experiments except for the immunoblot in 

Figure 4-3, 'all of the data. analysis, and drafted the manuscript. EH assisted in the 

creation of the cell lines, and HA contributed to the initial phase of the proteomic 

experiments. RHP provided statistical advice on experimental design and the analytical 

framework for the study. pGF contributed to project conception and manuscript 

preparation. WSD supervised collection and analysis of the data and contributed to the 

experimental framework for data analysis. HS conceived the study and created the cell 

populations that were analyzed. 

ABSTRACT 

Infection with high-risk type human papilloma viruses (HPVs) is associated with cervical 

carcinomas and with a subset of head and neck squamous cell carcinomas. Viral E6 and 

E7 oncogenes cooperate to achieve cell immortalization by a mechanism that is not yet 

fully understood. Here, hyman keratinocytes were immortalized by long-term expression 

of HPV type 16 E6 or E7 oncoproteins, or both. Proteomic profiling was used to compare 

expression levels for 7 41 discrete protein features. Six-fold replicate measurements 
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were performed for each group using two-dimensional difference gel electrophoresis 

(2D-DIGE). The median within-group coefficient of variation was 19-21%. Significance of 

between-group differences was tested based on Significance Analysis of Microarray and 

fold change.' Expression of 170 (23%) of the protein features changed significantly in 

immortalized cells compared to primary keratinocytes. Most of these changes were 

qualitatively similar in cells immortalized by E6, E7, or E617 expression, indicating 

convergence on a common phenotype, but fifteen proteins (-2%) were outliers in this 

regulatory pattern. Ten demonstrated opposite regulation in E6- and E7-expressing 

cells, including the cell cycle regulator p161
NK

4
•, the carbohydrate binding protein 

Galectin-7; two differentially migrating forms of the intermediate filament protein 

Cytokeratin-7; HSPA1A (Hsp70-1); and five unidentified proteins. Five others had a 

pattern of expression that suggested cooperativity between the co-expressed 

oncoproteins. Two of these were identified as forms of the small heat shock protein 

HSPB1 (Hsp27). This large-scale analysis provides a framework for understanding the 

cooperation between E6 and E7 oncoproteins in HPV-driven carcinogenesis. 

4.1.0 Background 

Infection with high-risk subtype mucosatropic human papillomavirus (HPV) is 

associated with 99.7% of cervical cancers 4
•
176

• High-risk type HPV infections are also 

associated with anogenital squamous cell carcinomas and a subset of head and neck 

squamous cell carcinomas 25
•
177

•
181

. Expression of the HPV E6 and E7 oncoproteins 

promotes neoplastic transformation by altering expression or interfering with the function 

of proteins involved in cell proliferation and apoptosis (reviewed in 5
•
6
). E6 expression 

influences the stability or function of proteins including TP53, hScrib, hDig, MUPP1, 

p300, NF-Kb, and IRF-3182
.
184

• Many of the effects of E6 are attributable to its interaction 

with E6-associated protein (E6AP), an E3 ubiquitin ligase, although some effects are 
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E6AP-independent 185
"
187

• E7 binds to the retinoblastoma protein (Rb) and disrupts the 

Rb/E2F/HOAC complex. This abolishes the transcriptional trans-repressor functions of 

the complex and leads, via E2F release, to the induction of the transcriptional trans

activation function of E2F (reviewed in 188
). Additionally, E7 binds directly to cyclin A- and 

E-dependent kinase complexes, and E7 -dependent inhibition of the cyclin-dependent 

kinase inhibitors p21 and p27 has been demonstrated 18a-190
. Both E6 and E7 have been 

shown to play a role in the suppression of the immune response to infection 191
•
192

• 

Expression of eittier high-risk HPV E6 or E7 in human keratinocytes extends the 

period of growth prior to senescence well beyond normal. Combined expression of E6 

and E7, however, is more efficacious than individual expression in promoting cellular 

immortalization 6
•
186

•
193

"
196

• The two viral oncogenes target different cellular regulatory 

pathways, and their combined expression induces cell proliferation and simultaneously 

suppresses the apoptotic responses associated with oncogene-induced unscheduled 

cell proliferation. 

Proteomic methods have been used previously to characterize E6- and E7-

associated proteins. Two·studies identified proteins modulated by transfection of E7 66
•
67 

and one study identified proteins modulated by transfection of E6 197
• We report here the 

results of a large-scale analysis to quantify the extent to which proteomic profiles differ 

from each other in cells that have been immortalized by the expression of E6 or E7 

individually and in combination. We used an in vitro model consisting of primary human 

foreskin keratinocytes (HFKs) immortalized by transduction with HPV oncogenes. The 

methodology used for our study was 20-differential gel electrophoresis (20-0IGE), 

which involves co-electrophoresis of experimental samples with a differentially labeled 

internal standard 198 This technique has been widely applied previously for clinical 



proteomics, providing a basis for comparison between results in the in vitro model and 

clinical studies. 
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Results identified 170 out of 741 (170/741) spots (23%) that were significantly 

different in immortalized cells versus HFKs. The overwhelming majority of these showed 

qualitatively similar changes regardless of which oncogene drove the immortalization. 

We assume that the vast majority of these alterations are not directly associated with 

viral oncogene expression, but that they are rather a consequence of cell 

immortalization. The most interesting features of the data set may be the small number 

of outliers that did not follow this general trend, including ten protein features oppositely 

regulated in E6- vs. E7-transduced cell populations, compared to HFKs, and five that 

showed significantly higher expression in the E6/7-transduced population than was 

expected, based on results in cells transduced with E6 or E7 alone. 

4.2.0 Results 

4.2.1 20-D/GE Results 

HFKs were established from a single neonatal foreskin biopsy and were infected 

with recombinant retroviruses expressing HPV 16 E6, E7, or both E6 and E7 (E6/7) 

on co proteins. Continuous cultivation of the cells led to the establishment of immortalized 

keratinocyte cultures expressing the HPV oncogenes and derived from a genetically 

identical host background. Cultures were propagated for >18 months (72-152 passages) 

prior to use. Viral oncogene expression was verified by RT -PCR using viral oncogene

specific primer pairs (data not shown). Celllysates of the immortalized HPV oncogene

expressing cultures and a primary, non-HPV oncogene-expressing HFK culture were 

harvested for proteome characterization. 
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Figure 4-1 illustrates the experimental workflow and quality control metrics for the 

study. There were 24 analytical gels in the experiment, representing six replicates of 

each of the four experimental groups: non-immortalized HFKs, E6-transduced 

keratinocytes, E7 -transduced keratinocytes, and E6/7 -transduced keratinocytes. Each 

gel contained 1 J.lg of cell lysate from an experimental sample labeled with Cy5 and 1 J.lg 

of internal standard labeled with Cy3 dye. The internal standard consisted of an equal 

mixture of celllysates from all 4 experimental groups (for further details on experimental 

design see Methods and Fig. 4-1A). Saturation cysteine labeling (as opposed to minimal 

labeling at lysine residues) was chosen so that spot mobility would be as similar as 

possible to a prior clinical study 174
• Following two-dimensional electrophoresis, DeCyder 

software was used to create a spot map for each gel. Each gel had an average of 1812 

spots matched to the master spot map, and 741 spots were common to all gels. For 

each of these 7'11 spots, we calculated relative abundance as described in Materials and 

Methods. For each spot, we then determined the mean increments in expression in E6-

transduced cultures, E7-transduced cultures, and E6/7-transduced cultures, relative to 

HFKs. We expressed these parameters on a log,-transformed scale and designated 

them as x;, y;, and w;, respectively, where i is the spot number. We defined a fourth 

parameter, Z;, as the difference between the actual increment in expression in E6/7-

transduced cells and the predicted increment based on the sum of X;, and y;. Based on 

this definition, we shall refer to z;, as an "E6/7 interaction" parameter. The derivation of 

these parameters from the experimental data is explained in more detail in Supplemental 

Material (4.7.0). 

To evaluate reproducibility of the abundance measurements, we determined 

within-group coefficients of variation (CVs) (Fig.4-1 B). The median CV for each group 
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ranged from 18.8% to 20.8%, indicating that within-group variation was small, relative to 

the anticipated between-group differences. 

4.2.2 Identification of proteins of interest. 

To identify the most interesting features in the data set, we characterized 

proteins acqording to statistical and biological significance as detailed in Supplemental 

Material. Briefly, SAM (Methods) was first used to classify the spots according to 

whether the E6/7 interaction parameter z; was significant (z,==O versus ZiFO). For spots 

where z;=O, we were able to use statistically powerful group comparisons and SAM 

analysis to evaluate X; and y;. We used FDR<5% as a threshold for statistical 

significance, and Jx;l or Jy;J>1 (corresponding to a minimum 2-fold change associated 

with E6 or E7 expression) as a threshold of biological significance. For spots where 

statistical significance of Z; was established by the initial SAM analysis (E6/7 -associated 

increment in expression significantly more or less than predicted by the sum of the E6 

and E7-associated increments, x;and y;), a value of Jx;J or Jy;J>1 was used as a further 

test of biological significance. Based on these criteria, 170/741 (23%) of spots were 

evaluated as significant. These could be classified in eight combinatorial groups based 

on the algebraic sign of X;, y;, and z;(Table 4-1). 

We selected 65 significant spots for mass spectrometry analysis. We ran a 

separate preparative gel, matched it to the master analytical gel, and picked and 

identified spots as described in Methods. We identified 42 spots (65%) with a Mascot 

score >113 (confidence level of identification -100%), 13 (20%) with a Mascot score of 

65-112 (confidence level of identification >95%), and failed to identify 10 spots (15%). 

Figure 4-2 shows a subset of the identified proteins projected on a representative 20 gel 

image. There were several instances where nearby spots were identified as the same 
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protein, probably reflecting charge modification via post-translational alterations. All 

identified proteins migrated within a range consistent with expected mass and pi values. 

Identified proteins are listed in Table 4-2, with further details of the identification listed in 

Supplemental Table 1 (Table 4-3). 

4.2.3 Correlation of 2D-DIGE analysis and immunoblotting results. 

We selected four identified proteins for confirmatory immunoblot analysis. Figure 

4-3 shows the results (panel A) and quantification (panel B). We carried out individual 

and grouped comparisons as described in the legend to Figure 4-3, using values 

obtained by 20-0IGE or immunoblotting. The scatter plot (panel C) indicates the 

relationship obtained by l!Sing each data set. For each protein, a strong correlation 

(r>O.B) was seen. We noted that although values were highly correlated, the slopes of 

the best-fit lines were uniformly <1 (i.e., the magnitude of differences measured by 

immunoblotting are less tran those measured by 20-0IGE). We suspect that the 

quantitative discrepancy with the 20-0IGE and immunoblotting results arises because of 

the limited dynamic range of the film-based method for detecting ECL signal (see 

Methods). 

4.2.4 Analysis of expression patterns. 

To help visualize large-scale patterns in the data, we plotted X;, y;, and z; 

parameters associated with all 741 spots in the study as a three-dimensional graph (Fig. 

4-4). Although there are a few potentially interesting outliers, the great majority of the 

spots (>97%) fall into a "f!iain sequence"- a cluster with near-continuous distribution of 

X;, y;, and Z; values. At the center of the cluster (grey squares) are spots with expression 

changes that were not significant by any criterion. Surrounding this core are spots where 
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z;FO but where effects of E6 and E7 transduction were too weak to meet the threshold of 

biological significance (grey circles). Neither of these groups was characterized further. 

In front and below the central grey spots are 57 spots (yellow) that were 

evaluated as significant and share the common property that x;>O, y;>O. That is, 

expression was up-regulated in both E6-transduced and E7-transduced cells (although 

not necessarily \o the same extent). For all of the spot:? in this group, Z; was also less 

than zero (z,<O and significant for circles, z,<O but not significant for squares). This 

indicates that although the spots were up-regulated in the E6/7-transduced cells, the 

effect was not as great as predicted based on the observed X;, y; values, assuming 

independent E;6 and E7 effects. Identified proteins in this group are listed in Table 4-2, 

and include an oncogene, heat shock proteins, a cytoskeletal protein, a regulator of 

apoptosis, a translation elongation factor, and other structural proteins and enzymes 

(see Discussion). 

Above and in back of the central grey spots are 88 spots (blue) that were 

evaluated as significant and share the common property that x,<O, yt<O, that is, 

expression was down-regulated in E6- and E7-transduced cells. All spots in this group 

also shared the property z;>O (z; significant for circles, not significant for squares). That 

is, the effect in E6/7-transduced cells was less than predicted, assuming independent E6 

I 

and E7 effects. Identified proteins in this group include a serine protease inhibitor, an 

apoptotic regulator, a number of intermediate filament proteins associated with 

differentiated epithelial cells, and several metabolic enzymes (see Discussion). 

It was notable that there were only 5/741 proteins for which the increment in 

expression in E6/7 -transduced cells was significantly greater than predicted based on 

individual effects in E6-transduced and E7 -transduced cells (i.e., the "E6n interaction 
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term" (z;,) was significant, and X;, y;, and z; all have the same algebraic sign). We 

identified 2/5 of these at the molecular level, and both proved to be charge isoforms of 

HSPB1 (Table 4-2). 

There were also only 1 0/7 41 proteins that were significantly associated with one 

oncogene, and oppositely regulated in cell cultures expressing the other viral oncogene. 

These appear as turquoise and green outliers in the plot. We identified 5/10 of these at 

the molecular level. Four were down-regulated in E6-transduced cells and up-regulated 

in E7 -transduce"d cells, whereas one was up-regulated in E6-transduced cells and down

regulated in E7 -transduced cells. Potential reasons for these distinctive patterns of 

regulation are considered in the Discussion. 

4.2.5 Shifts between protein charge isoforms. 

20-gel analysis provides an ability to detect instances where a treatment leads to 

a shift in the distribution of charge isoforms for a given protein. Charge isoforms typically 

manifest as a set of spots that migrate differently in the first dimension but nearly 

identically in the second. There were two notable instances where nearby, differentially 

regulated spots were verified as protein isoforms by mass spectrometry. Both instances 

involved stress proteins: HSPA1 and HSPB1 (Table 4-2). Representative images of the 

region of the 20 gels containing HSPB1 are shown in Figure 4-5. Based on its mobility 

relative to proteins in surrounding areas of the gel, Spot 1685 probably corresponds to 

unmodified HSPB1, whereas the other four spots have acidic modifications. As noted in 

the preceding section, two of the HSPB1 spots (1686 and 1663) showed significantly 

greater expression in E6/7 -transduced cells than predicted based on results in 

individually-transduced populations, and this is readily evident from inspection of the gel 

images. The expression pattern is consistent with (but does not prove) the existence of 



102 

one charge modification associated with E6 expression, which shifts the unmodified 

HSPB1 into spots 1678 and 1694, and a second modification associated only with E6/7 

co-expression, which shifts this material into spots 1686 and 1663. 

4.3.0 Discussion 

In this study, we compared protein expression patterns in primary HFKs and 

human keratinocytes immortalized by the expression of HPV 16 E6 and E7 

oncoproteins. Large-scale proteomic analysis, using 20-DIGE, provided insight into 

patterns and trends that would not have been apparent from studies of individual 

proteins. Results showed that although 170 out of 741 (23%) of the tracked proteomic 

features differed significantly between oncogene-transduced and primary cells, most of 

the changes were in the same direction and of comparable magnitude in all three 

transduced populations (E6, E7, or both). This phenotypic convergence was observed 

despite the very different mechanisms of action of E6 and E7. We suggest that these 

changes may' not be directly associated with E6 or E7 expression, but rather are 

characteristic of immortalized epithelial cells, independent of the event originally driving 

the immortalization process. This interpretation is supported by a literature analysis, 

which indicates that many of the identified up- and down-regulated spots show similar 

patterns of alteration in tumors and tumor-derived cell lines that do not express viral 

oncogenes. 

As ari example, one of the up-regulated spots was the oncoprotein DJ-1, which 

transforms mouse 3T3 cells in vitro 75 and is also elevated in many non-virally induced 

human cancers, including lung, breast, ovarian, thyroid, and pancreatic cancers 76
•
79

•
60

•
95

• 

Selection for DJ-1 expression in cancer probably reflects its anti-apoptotic function and 

interaction with the PTEN signaling pathway 79
·
80

. There are at least five other examples 
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of up-regulated spots tha! have previously been described as human epithelial cancer 

markers: ezrin, a cytoskeletal protein linked to metastasis 199
•
200

; EF-hand domain 

containing protein-02 (swiprosin-1), which regulates BCR apoptotic signaling 201
; a-

enolase, a glycolytic enzyme that is elevated in cancer cells 51
•
202

-
204

; Elongation factor-

1o, a translation factor and proto-oncogene 205
"
207

; and Peroxiredoxin-3, which responds 
' 

to elevated mitochondrial peroxide in cancer cells 208
·
212

. 

Among_ the down-regulated spots were 14-3-3 protein a, which is a tumor 

suppressor that is commonly silenced in spontaneous human cancers e13
, reviewed in 

214
); Cytokeratins 6 and 1~, which have previously been shown to decrease in E6/7-

expressing cell cultures and in many epithelial cancers, including cervical cancer 

132
•
136

·
215

·
216

; and maspin (serpin 85), which is a serine protease inhibitor that has been 

observed to decrease in an E6/7 -expressing in vitro model, in progression of normal 

cervical epithelium to high-grade intraepitheliallesions and cervical cancer, and in non-

virally induced breast cancer 53
•
217

•
218

• Maspin may be selected against because of its 

ability to influence cell adhesion, motility, angiogenesis and apoptosis 219
• It is notable 

that maspin was down-regulated in E7-, as well as E6- and E6/7-transduced cultures. 

Maspin expression is positively regulated by p53; thus, suppression of maspin in E6-

and E6/E7 -expressing cu-ltures is consistent with an E6-mediated decrease in p53 

expression. The decrease in maspin in E7 -expressing cultures is not, however, readily 

explained by this mechanism, as p53 levels typically increase, rather than decrease, in 

E7-expressing cells 189
•
220

• 

A few proteins in our analysis stand out because they did not follow the common 

regulatory pattern. Expression of these proteins is evidently directly associated with E6 

or E7 expression, rather than indirectly associated with immortalization. The presence of 
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the cyclin-dependent kinase inhibitor p161
NK

4a in the group of E7 -associated genes 

supports this assumption and can be regarded as an internal control, since p16 is known 

to be up-regulated as a direct consequence of E7 -mediated dissociation of the 

Rb/E2F/HDAC complex (reviewed in 221
). The observed down-regulation of p161

NK
4a in 

association with E6 is unexplained, but is consistent with a prior report 186
• Galectin-7 is 

another example of a protein that is induced by E7 but suppressed by E6. Galectin-7, 

which has pro-apoptotic and growth suppressive functions, is dependent on p53 for 

expression, which may explain its down-regulation in the E6-expressing cells 222
•
223 and 

up-regulation in the E7 -expressing cells. Galectin-7 is down-regulated in E6/7-

transfected cells, consistent with its striking down-regulation in cervical high-grade 

intraepithelial neoplasia 224 and the known low level of p53 in these tumors. Cytokeratin-

7, a protein that is present in cervical cancer but not normal stratified squamous epithelia 

225
•
226

, increased in E7-transduced cells, but decreased in E6-transduced cells. A 

possible explanation is its reported ability, unique among the cytokeratins, to bind and 

stabilize E7 mRNA227
, which might provide selective pressure for overexpression in E7-

transduced cells. Interestingly, Cytokeratin-7 is present in up to 87% of cervical cancers, 

whereas it is absent from other epithelial cancers 228
•
229

. 

There were five significant instances in which cellular protein expression in E6 

and E7 co-expressing cells was increased over the sum of effects observed in cells 

expressing either E6- or E7 alone. Two spots in this category (spots 1663 and 1686) 

were identified as isoforms of HSPB1. Both migrated as more acidic than expected 

based on the pi calculated from their primary sequence. The acidic shift could be 

attributable either to phosphorylation or lysine acetylation, which have both been 

reported in HSPB1 230
•
231

. Ser 15, 78, and 82 are known targets of protein kinases such 

as AKT, p38, and protein kinase D (PKD)232
• We failed to detect two peptides, one 
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spanning the Ser 78 and Ser82 phosphorylation sites, and the other spanning the Ser 15 

phosphorylation site, in tryptic digests of Spots 1663 and 1686, whereas we readily 

detected these in digests of the other HSPB1 spots. This suggests, but does not prove, 

that phosphor}rlation occ~rred at ser 15, ser 78, and/or ser 82. In parallel clinical 

proteomic studies, we have noted a complex pattern of HSPB1 regulation. This protein is 

present at high levels in cornified epithelium, consistent with its function as a 

cornification ~haperone 62
• It declines in high-grade intraepithelial neoplasia and shows a 

bimodal distribution in invasive cancer, with high levels in some patients and absence in 

others 174
• It will be interesting to investigate this phenomenon further to identify the sites 

of post-translational modification in the E6/7-transduced cells and to determine whether 

these sites are also modified in cancer tissue. 

4.4.0 Conclusions 

One of the goals of HPV research is to identify features that set HPV-driven 

cancers apart from human epithelial cancers in general, and that may provide specific 

therapeutic targets. We identified Galectin-7, Cytokeratin-7, and HSPA1A as novel 

members of a set of proteins distinct from the "main sequence" of proteins that comprise 

the common phenotype of immortalized cells. The presence of the known E7 target, 

p161
NK

4a in this set of outliers reinforces its relevance to HPV-dependent gene 

expression. 

Another goal of HPV research is to identify features that distinguish HPV-infected 

cells from HPV-transformed cells. This is important because only a small fraction of HPV 

infections in humans progress to cancer. Regulators of cell growth and apoptosis 

identified in the "main sequence" of proteins are candidates to be such features. Based 

on this criterion, DJ-1, ezrin, Serpin 85, and annexin A2, among others, are of interest 



for further characterization for their role in the progression of HPV-infected to HPV

transformed cells. 
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It is important to note that the 741 proteins studied here represent only a small 

fraction of the proteome. In addition, we sampled the transduced populations only at late 

time points (>.70 passages). Nevertheless, the depth of analysis is arguably sufficient to 

sample many different signaling pathways. Having learned that these populations 

converge on a similar phenotype at late time points, it is of interest to extend this work to 

earlier time points to better understand the temporal sequence of events during cellular 

immortalization. 

4.5.0 Methods 

4.5.1 Cell cultures. 

Primary human keratinocytes were derived from individual neonatal foreskins 

and grown in KSF medium (lnvitrogen/GIBCO, Carlsbad, CA) supplemented with 

gentamycin 233
• Cells were infected with amphotrophic LXSN retroviral vectors 

expressing HPV 16 E6, E7, or both E6 and E7 234
• Retrovirus-infected cells were 

selected in 1 DO IJg/ml G418 for 10 days, then passaged up to twice weekly at 1:5 

dilutions. Each passage thus corresponds to approximately 2.3 population doublings. 

Gene transfer and viral mRNA expression were verified by polymerase chain reaction 

(PCR) and reverse transcriptase (RT)-PCR. 

4.5.2 20-DIGE 

To provide biological replicates, viral oncogene-expressing cultures were 

analyzed separately from two independent pools derived from different passage 

numbers of the cultures. Lysates were generated from E6-transduced cells at passage 

numbers 152 and 177, E7-transduced cells at passage numbers 77 and 98, and E6/7-
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transduced cells at passage numbers 131 and 157. Each lysate was divided into three 

technical replicates. Each oncogene-expressing culture was therefore represented with 

six-fold redundancy after data were pooled for analysis. 

Cells were trypsinized, and trypsin was inactivated by medium containing 10% 

fetal bovine serum. Cells were collected by centrifugation, the pellet was washed with 

PBS, and cells were lysed in 7 M urea, 2 M thiourea, 4% CHAPS, and 40 mM Tris-HCI 

pH 8. Aliquots were sonicated on ice and centrifuged for 12000g for 5 min to remove 

debris. Protein concentrations were determined using a Bradford Assay (Bio-Rad, 

Hercules, CA). Five ~g of protein from each sample was labeled with Cy5 sulfhydryl

reactive dye (0.8 nmol/~g protein, GE Healthcare, Bucking hamshire, UK). For the 

internal standard, equal amounts of each sample were combined and labeled with Cy3 

sulfhydryl-reactive dye. A 24 em strip holder containing a pH 3-10 nonlinear lPG strip 

(GE Healthcare) was used for first-dimension electrophoresis. Rehydration of the strip 

was carried out for 15 h at 20° C with an applied electric field of 30 V, followed by 

electrophoresis at 500 V for 2 h, 1000 V for 3 h, and 8000 V for 7 h. Strips were 

equilibrated in 100 mM Tris-HCI (pH 8), 6 M urea, 30% (v/v) glycerol, 2% (w/v) SOS, and 

32.5 mM OTT, washed in SOS running buffer, and applied to the top of a 12.5% SOS gel 

(25 em X 20 em X 0.1 em). Electrohoresis was performed overnight using 2W per gel. 

Cy3 and Cy5 images were collected using a GE Healthcare Typhoon 9400 Series 

Variable lm"ager. 

Quantification and data analysis were performed as described 174
• Comparisons 

were performed as described in Supplemental Material, using SAM to obtain values for 

parameters representing effects attributable to E6, E7, and biological interactions of E6 

and E7. For each comparison, a difference (d) score and a FOR were determined by 



SAM (version '3.0 add-in for Microsoft Excel; available at http://www

stat.stanford.edu/-tibs/SAM/) 61
. The d score represents fold change adjusted for a 

measure of spot-specific variance and a measure of variance within the data set as a 
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whole, while the FOR is based on permuted data sets. Proteins for mass spectrometry 

analysis were chosen from among the top-ranked proteins in each comparison. Mass 

spectrometry was performed as described 174 

' 

4.5.3 lmmunoblotting. 

Cells were suspended in SDS sample buffer and heated for 3 min at 100 °C. The 

protein concentration was determined using a DC Protein Assay kit (Bio-Rad 

Laboratories, Hercules, CA). Proteins were separated by 14% SDS-PAGE, blotted onto 

PVDF membranes (lmmobilon-P Transfer Membranes, Millipore Corporation, Bedford, 

MA) and probed with monoclonal antibodies against p161
NK•• (G175-405, BD 

Biosciences, San Jose, CA), Peroxiredoxin-3 (ab16752, Abeam, Cambridge, MA), a-

enolase (sc-7455, Santa Cruz Biotechnology, Santa Cruz, CA), or HSPA1(C92F3A-5, 
' 

Assay Designs Inc., Ann Arbor, Ml). Chemiluminescence detection was performed using 

an ECL kit (Amersham, GE Healthcare). Blots were imaged using the Kodak Image 

Station CF 440 and analyzed using Kodak 1 D 3.5 imaging software (Eastman Kodak, 

Rochester, NY). 
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Trend X; Y1 Z; n (spots) n 
Examples (significant) 

Oncoprotein DJ-1, ezrin, 
Up-regulated >0 >0 <0 325 57 multiple HSPs, metabolic, 
in oncogene- and regulatory proteins 
expressing 
cells HSPB1 (2 forms), >0 >0 >0 31 5 peroxiredoxin-3 

Mixed >0 <0 <0 21 4 HSPA1 
regulation in >0 <0 >0 38 0 (none) 
oncogene-

<0 >0 >0 49 3 p16'""4
", keratin 7 (2 

expressing forms) · 
cells <0 >0 <0 69 3 Galectin-7 
Down- <0 <0 <0 10 1 (none) 
regulated in 

Serpin 85, annexin A2, oncogene-
<0 <0 >0 198 97 14-3-3a, lamin A/C expressing 

multiple cytokeratins 
cells 
Total 741 170 . . . . . 
Table 4-1: S1gmf1cant spots categonzed by expressiOn pattern. 



Group 

Down-

2~<1 
zYi<1, 

spot 
number 

572 
560 

775 

2967 
672 
1111 
439 
534 
460 
739 
15Rn 
903 

915 

Protein name 

16C 
I i6C 

subunit b, 

I i6A 
14 

~ 118 

UniProt DC-1 DC-2 
Acc::sion 2,; 

P006576 

0.32 
0.35 
0.37 
0.38 

0.38 0.13 

0.39 0.27 
0.4 0.27 
0.41 0.68 
0.41 0.54 
0.43 0.22 
0.46 0.58 
0.5 0.3 
0.53 0.49 
0.7 0.45 
0.76 0.48 

110 

GC-C DC-3 
2zi zwi 

4.47 
4.13 
7.14 
1.36 

7.79 

3.12 
3.09 
1.39 
2.77 
4.5 
2.58 
3.49 
1.82 
1.6 
1.75 

0.27 
0.3 
0.36 
0.34 

0.39 

0.33 
0.33 
0.39 
0.62 
0.42 
0.69 
0.53 
0.47 
0.51 
0.65 

r,! 1 :'::'."''uc I kinase 
0.34 4.83 Mixed 2402 '! "~·~-"uo ""• isoforms 1/213 P42771 

reg4latio li~J~
1010

~,:~~~~~~~~~H~I~§~~BI3 
3.46 5.77 

n,r<1, fl45 .tvoell 7" .17 2.32 1.53 1.31 
~.(~' OR fl4n V: . tvoe 11 7 1.6 2.06 0.97 

2,;<1' 2597 I 17 !.51 0.25 0.23 
366 HSP.A.1A P081 07 3.01 1.86 0. 71 1.86 

1451 ~;~t~~~~~UUOdU Q96C19 1.17 2.06 0.59 1.42 

266 Ezriil P15311 1.5 2.55 0.45 . 7 
1685 HSPB1 P04792 2 1.14 0.44 1.01 
2983 1 1 factor 1=6 2.08 1.84 0.68 !.58 
1186 I 015181 2.26 1.4 0.58 1.82 

1721 Keratin lvne I 110 P13645 2.34 2.58 0.26 1.56 
1694 HSPB1 P04792 2.48 1.08 0.47 1.25 

~7it77~~~~~~~~~~~~~2~! .. 5~2~1~.25~~0J~ .. 41~!1.~3 Up- 781 2.57 1.27 0.34 1.12 
regulated 778 2.6 1.28 0.34 1.15 
2~>1 1849 Prntein OJ-1 2.79 1.43 0.31 1.22 
2';>1, ~R? HSPA9 P38647 2.92 1.29 0.31 1.17 

766 3.27 1.49 0.26 1.25 
1859 Protein DJ-1 3.93 1.58 0.23 1.45 
377 lPA1A P08107 4.08 1.65 0.21 1.4 
1678 ;PB1 P04792 6.95 I 1.13 I 0.24 1.86 
1nRn ;PB1 on..:7a' 1.04 1.45 1.91 I 2.88 

ouo.,uuxu 
1839 peroxide reductase, 

mitochondrial0 

1663 HSPB1° 

P30048 1.66 1.54 1.01 2.58 

P04792 4.04 ! 1.59 I 2.8 17.97 
Table 4-2: Identified proteins, classified by regulation. 



A . Experimental workflow 

20-DIGE 
Prepare and label 24 lysates, create internal standard 
2D gel electrophoresis 
Create and match spot maps, define spots in common to all gels 
Calculate abundance (internal ratio) for each spot in each gel 

l 
Statistical and Biological Ranking 

1} Determination of value and statistical signficance of z; 

2} Determination of value and biological signficance of 
x;, y;, and z; (fold change >2) 

l 
Protein identification by mass spectrometry 

B. Coefficients of variation 
. 

HFK • E6 • E7 0 E6/7 0 
f-:-::2Sr'pe"-'--"rce-=-n.;.,.tile.;.__-:-::14-=.o--t--:-:12"'7. 9 __ -:-::13-7.0-t--:1~4. 6 

5CI"percenllle 20 8 18 8 18 8 20 5-
7S" percentile 32 1 25 7 26 9 30.3 

. .~M~~~.n=-- ---
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 

Coefficient of Variation (%) 

Figure 4-1: Workflow and quality control metrics. 

A. Experimental workflow. B. Histogram showing coefficients of variation. Colors 

distinguish HFK, E6, E7, and E617 groups as indicated in the key. 
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A: lmmunoblot 
16 

! - - """""' - ·l . -;if!- . 
1-- -·- ·-· __ J 

E6 E7 E617 HFK 

B: Quantification 

~::w__p1.6 
~ 

.!! ' E6 E7 E617 HFK 

HSPA1 

~ -, J ,'!" ..,_. -- I 
E6 E7 E617 HFK 

B 1 HSPA1 

IJI_
~,Hh 

E6 E7 E617 HFK 

C: Correlation with 20-DIGE. 
l1 .--;-,-------, 
-g •' HSPA1 
3 I 

! ·j -----
~·~~ 
j< 
aJ 
B L ...... l -.~;o~"--,~-.-~ 

1og2 oomparison score: 20-DIGE 

a-enolase 

; . :;a ,, 1 
L--~-;. .... 

E6 E7 E6/7 HFK 

a-enolase 8 

'ltL~ :,' i ~ 
E6 E7 E6f7 HFK 

~ ,--;-------, 1 .!
1 

peroxiredoxin 

i:l~ 
g . 
~ ' !!.I 
!i I ,..,~ 
i <--......-.r----'"---.• --,-.-

i•7nalase 
~· 
11 . 
~ ' 
ii I 
tL ...... .B' • .. - .. • -

1og2 comparison SCOJe: 2Q..OIGE ~ comparison score: 20-DIGE 

Figure 4-3: Correlation of immunoblot analysis and 20-DIGE. 
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A. lmmunoblotting was performed as described in Methods using lysates from the 

same cells as for 20-0IGE. For HSPA 1, 5 fig of protein extract was analyzed by 8% 

SOS-PAGE. For all others, 30 fig extract was analyzed by 14% SOS-PAGE. 

lmmunoblots were developed using a f/uorogenic dye (GE Healthcare, ECF). B. 

Quantification of the immunoblots in Panel A by Kodak 10 3.5 imaging software. C. 

Correlat~on between 20-0IGE and immunoblot results. Six intergroup comparisons 

were ma,de. Three were individual comparisons: E6 v. HFK, E7 v. HFK, and E6n v. 

HFK. Three were grouped comparisons: sum of HFK and E6 v. sum of E7 and 

E6n, sum of HFK and sum of E7 v. E6 and E6n, and sum of HFK and E6n v. sum 

ofE6 and E7. 



A 

'*' ....... ,, 
·~·"1' 
~r/'91~.,.., 

.n(ll~ 
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Figure 4-4: Three-dimensional scatter plot of entire proteomic data set. 
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Axes represent fold change in expression due to E6 alone (~;), E7 alone (2Y'), and 

the E617 interaction (~;) . Grey spots did not reach criteria for significance. Other 

spots denote proteins that were significantly up-regulated (yellow), down-regulated 

(blue), or showed a mixed pattern of regulation (turquoise) in E6- and E7-transduced 

populations (i.e. x,>O and y,<O or x;<O and y;>O). To aid visualization of different forms 

of HSPB1, these are assigned a common color (green). Charge isoforms of HSPA 1 

and HSPA 1 are labeled according to spot number in the master spot map. Shape of 

symbols denotes significance of z; (squares, not significant; circles, significant). For 

clarity, labels have been omitted for identified proteins in the large clusters of spots 

that were similarly regulated. 



HFK 

Spot 
1686 

D 

Spot 
1663 

D 

E6 D D 

E7 D D 

E6/7 ~ 

Spot Spot 
1678 1694 

Do 

Do 

Spot 
1685 

Figure 4-5: Enlarged view of the region of the 20 gels containing HSPB1 
charged forms. 

Representative gels from the HFK, E6, E7, and E617 sample groups are shown. 

Each panel represents one of the sample groups. Images are of the Cy5 (sample) 

channel only. Boxes are labeled according to master spot number. The gel is 

oriented as in Fig. 4-2. The region shown is approximately pH 5. 5 to 6. 0 
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4.7.0 Supplemental Material for Large-scale analysis of protein expression 
changes in human keratinocytes immortalized by human papilloma virus 
type 16 (HPV 16) E6 and E7 oncogenes 

4. 7.1 Derivation of X;, y1, and z1 parameters 

Let the abbreviations HFKs represent primary human foreskin keratinocytes, E6 

represent E6-transduced HFKs, E7 represent E7 -transduced HFKs, and E6/7 represent 

E6/7-transduced HFKs. 

Let log2(Er11J represent a mean log2-transformed expression value for spot i in 

experimental group k, relative to corresponding spot i in the internal standard. 

Let Direct Comparison 1 be the difference between E6 and HFK = log2(/R,,E6) • 

Let Direct Comparison 2 be the difference between E7 and HFK = log2(/R1,ETI -

Let Direct Comparison 3 be the difference between E6/7 and HFK = log2(/R,,EBn) -

Let Grouped Comparison A be the difference between summed expression in groups 

with E7 and summed expression in groups without E7 

Let Grouped Comparison B be the difference between summed expression in groups 

with E6 and summed expression in groups without E6 

= ((log2(/R;,EB) + log2(/R;,Eon)]- ((log2(/R;,HFK) + log2(/R;,E7)] 
' 
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Let Grouped Comparison C be the difference of summed expression in groups bearing 0 

or 2 oncogenes (i.e. HFK and E6/7) and summed expression in groups bearing 1 

oncogene only 

Let Xi represent the log,-transformed increments in expression of spot i associated with 

the presence of E6. Let y1 represent the log2-transformed increment in expression of 

spot i associated with the presence of E7. 

Let zip represent a log2-transformed increment of expression associated with E6/7 co

expression cells (i.e., difference between observed expression in E6/7-transduced cells 

and predicted expression based on sum of increments associated with transduction of 

each oncogene individually). 

4. 7.2 Determination of values for each parameter based on direct and grouped 

comparisons. 

We can write: 

Eqn 1: log2(1R;.e6) = log2(1R;,HFK) +X; 

Eqn 3: log2(1R;.esd = log2(1R;,HFK) +X;+ Y; + Z; 

Substituting equations 1-3 we obtain the following: 

Direct comparison 1 =Xi 

Direct comparison 2 = Yi 

Direct comparison 3 = Xi + Yi + Zi 
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Grouped Co~parison A= 2 y1 + z1 

Grouped Comparison B= 2 x1 + z1 

Grouped Comparison C= z1 

Direct Comparison 1, Direct Comparison 2, and Grouped Comparison C lead directly to 

values for parameters of biological interest - x1, y1, and z1, corresponding to the effects of 

E6, E7, and E6n interaction, respectively. Grouped comparisons A and B provide 

alternative ways to derive values for X; and y1 when z,=O. Grouped comparisons have 

greater statistical power (the entire data set is used) and are therefore preferred over 

direct comparison when z,=O. 

4. 7.3 Evaluation of statistical and biological significance. 

Significance was assessed using the decision tree in Figure 4-6. Statistical significance 

was determined using SAM, with an FDR threshold of 20% for z; (Grouped Comparison 

C) and 5% f?r X; and y, (Grouped Comparisons A and B). The rationale for using 

different FDR thresholds is that significance of z1 is used primarily to decide which further 

tests are appropriate, whereas significance of x1 and y1 is used directly as a criterion for 

identification of spots of interest. 

4. 7.4 Examples from supplemental figure (Figure 4-7) 

Expression is twice as high in all 3 oncogene-transduced populations, as compared to 

HFK. In this case, XFy1,=1 (21= 2-fold increase). The predicted effect in E6/7-transduced 

cells, assul]1ing independent mechanisms of action, is 21+1=4-fold. However, the actual 

effect is only 2-fold. Thus, the sign of z, is opposite to x1 and y1, (combined effect less 

than predicted assuming independent mechanisms of action). 
' 
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Similar to A, except that the expression is down-regulated in all 3 oncogene-transduced 

populations. XFY;,=-1 (2"1·= 2-fold decrease). The predicted effect in E6/7-transduced 

cells, assuming independent mechanisms of action, is 2(·1•
1

) = 4-fold decrease. However, 

the actual decrease is only 2 fold. Thus, the sign of z1 is opposite to x1 and y1, (combined 

effect less than predicted, assuming independent mechanisms of action). 

Expression is half as great in HFKs when E6-transduced, twice as great when E7-

transduced, and twice as great when EB/7-transduced. X;= -1, y; =1. The predicted 

effect in E6/7 cells is 2(·1•
1
) = 2° = 1 (no effect). The actual change in E6/7 cells is a 2-fold 

increase, so z1 =1. 

Panel D is similar to C, except that E6/7 cells have half as much expression as HFK. 

Again, x1 =-1, y1 =1, predicted effect in E6/7 is no change. Actual effect is 2-fold 

decrease, so z1 =-1. 

Expression is slightly elevated in E6-transduced and E7 -transduced (2°·5 = 1.4-fold 

increase) and strongly elevated in E6/7-transduced (23 = 8-fold increase) exceeding the 

sum of the spot intensities in E6- and E7 -expressing cultures (z1 = 2). Examples (A) and 

(B) correspond to a pattern of regulation that was very common in the experimental data 

set. Examples (C) and (D) are similar to outliers, such as p16ink4a and Galectin 7. 

Example (E) was very rare in the experimental dataset: only 5/741 spots demonstrated 

signal intensities in E6/7-expressing cultures that significantly exceeded the sum of the 

spot intensities in E6- and E7 -expressing cultures. 



Signlfroant 

FDR<S% 
for either 
or both 

~ 
No for 
both 

Yes for 
either or 

both 

positive Xf.Yf: • 
negative l<j, Yl: • 

oppositely regulated:• 

\\ log2IRi,j 

FOR<S% 
for both 

~ 
group 

comparison 
c 

Not Significant: • 

\ 

z;#O 

No for 
both 

Figure 4-6: Determination of significance. 
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Significance was determined by 3 separate statistical comparisons (group 
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comparisons A, B, C); and a biological assessment of significance (fold change 

>2) .. 
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Figure 4-7: Expression parameters obtained in hypothetical illustrations. 



spot Protein Name 

266 Ezrin 

366 Heat shock 70 kOa protein 1 

377 Heat shock 70 kOa protein 1 

382 Stress·70 protein, mitochondrial 

439 Progerin (Lam in A/C) 

534 Keratin, type II cytoskeletal60 

545 Pyruvate kinase isozymeM2 

560 Keratin, type II cytoskeletal 60 

572 Keratin, type II cytoskeletal60 

645 Keratin, type II cytoskeletal7 

646 Keratin, type II cytoskeletal 7 

672 Keratin, type I cytoskeletal,14 

739 Keratin, type II cytoskeletal8 

766 a--enolase 

775 ATP synthase subunit b, mitochondrial 

777 a-enolase 

778 a-enolase 

781 a-enolase 

903 Serpin 85 (maspin) 

915 Keratin, type I cytoskeletal 18 

1110 Annexin A2 

1111 Annexin A2 

1121 Annexin A2. 

1186 Inorganic pyrophosphatase 

1451 EF-hand domain-containing protein 02 

1586 14-3-3 protein o 

1663 Heat shock protein 81 

1678 Heat shock protein 81 

1685 Heat shock ·protein 81 

1686 Heat shock protein 81 

1694 Heat shock protein 81 

1721 Keratin, type I cytoskeletal1 0 

1839 
Thioredoxin-dependent peroxide 
reductase, mitochondrial 

1849 Protein DJ-1 

1859 Protein DJ-1 

2402 
Cyclin-dependent kinase inhibitor 2A, 
isofonns 1/213 (p16) 

2597 Galectin-7 

2967 Keratin, type II cytoskeletal 60 

2983 Elongation factor 1-8 
- - -Table 4-3: Protem 1dent1ficat1on 

Accession 
Number 

P15311 

P08107 

P08107 

P38647 

06UYC3 

P02538 

P14618 

P02538 

P02539 

P08729 

P08729 

P02533 

P05787 

P06733 

P006576 

P06733 

P06733 

P06733 

P36952 

P05783 

08TBV2 

08TBV2 

08TBV2 

015181 

096C19 

P31947 

P04792 

P04792 

P04792 

P04792 

P04792 

P13645 

P30048 

099497 

099497 

P42771 

P47929 

P02538 

P29692 

Molecular 
Weight 

69199 

70009 

70009 

73682 

69207 

42442 

57769 

42442 

42442 

51255 

51255 

51458 

41083 

47008 

56525 

47008 

47008 

47008 

42111 

47305 

38449 

38449 

38449 

32639 

26680 

27757 

22768 

22768 

22768 

22768 

22768 

58792 

27607 

19834 

19834 

16533 

14635 

42442 

30972 

Calculated 
pi 

5.94 

5.48 

5.48 

6.03 

6.22 

5.29 

7.95 

5.29 

5.29 

5.5 

5.5 

5.09 

4.94 

6.99 

5.26 

6.99 

6.99 

6.99 

5.72 

5.27 

7.56 

7.56 

7.56 

5.54 

5.15 

4.68 

5.98 

5.98 

5.98 

5.98 

5.98 

5.09 

7.67 

6.33 

6.33 

5.52 

7.52 

5.29 

4.9 
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Peptides . Percent 
Identified coverage 

25 45 

14 27 

19 36 

11 22 

18 31 

10 27 

12 30 

15 40 

14 39 

17 42 

15 34 

16 42 

17 54 

7 18 

19 48 

7 24 

10 34 

8 27 

11 39 

16 44 

12 44 

13 45 

11 30 

12 57 

9 35 

9 39 

8 41 

9 44 

9 44 

7 36 

9 44 

8 15 

5 25 

5 37 

7 38 

4 31 

6 59 

9 25 

9 45 
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ABSTRACT 

Despite advances in surgical techniques, multi-modality therapies, and examination 

techniques, survival rates for head and neck squamous cell carcinoma (HNSCC) have 

not risen substantially. One factor limiting survival may be a lack of methods for early 

detection of HNSCC, early detection of recurrent disease, and prediction of response to 

therapy. Many proteomic studies have been performed to identify biomarkers of disease 

state, that might form the basis of such tests. Proteomic studies using HNSCC tissue, 

cell lines, serum or saliva were identified by a Medline search. Proteins reported to be 

significantly altered in disease were matched to their unique identifiers in the UNIPROT 

database. For proteins identified independently in multiple studies, additional literature 

searches were conducted to determine if follow-up validation had been performed. Forty

three proteomic studies have identified 359 unique proteins that change significantly in 

abundance in HNSCC. Of these, only 81/359 (22.6%) were identified in two or more 

123 
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studies, and 15/359 (4.2%) in 4 or more studies. Among proteins identified in four or 

more studies, the directio"n of change was inconsistent for three, mostly consistent for 

eight, and entirely consistent for only four. The most commonly identified proteins were 

small heat shock and other stress proteins, metabolic enzymes, and signaling proteins. 

Lack of conc~rdance between the included studies may reflect the heterogeneity of the 

disease, differences in sample collection, or differences in analytical methods. 

Consistency between studies represents an important goal that has not yet been 

achieved in the HNSCC proteomics field. 

5.1.0 Introduction 
I 

Head and neck squamous cell cancer (HNSCC) is a serious health problem 

worldwide, with more than 500,000 new cases diagnosed annually19
•
20

• Cancers of the 

oral cavity and oropharynx rank 9th and 14th among all cancers in US men and women, 

respectively. The incidence in the US is roughly stable, with a slight decline between 

2001 and 2005 attributable to lower rates of tobacco use 27
. 

Five-year survival rates for HNSCC in the US have improved only modestly in 

recent decades. In 2000, 5-year survival rates for oral and pharyngeal tumors were 

57.4% and 61.5% in males and females, respectively, which represent about a 5% 

improvement from 25 years earlier. Survival trends for tumors at the laryngeal subsite 

are even Jess encouraging. A survival rate for US males of 66.7% represents an 

improvement of only 0.5% from 25 years earlier, and the survival rate for females of 

59.6% actually represents a decrease of 6.1% over the same period 16
. Overall survival 

statistics represent a composite sketch of a heterogeneous disease where survival rates 

are affected by HPV association, patient ethnicity, or anatomic subsite of origin 27
•
29

•
30

• 
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One reason that survival rates have not improved substantially may be the 

inability to detect early-stage HNSCC in the general population. The widespread 

implementation of the Pap smear, the serum prostate-specific antigen (PSA) test, 

colonoscopy, and mammography has dramatically improved the five year survival rates 

of other common cancers 27
• By contrast, current screening modalities for HNSCC, 

particularly at less accessible anatomic sites such as the larynx and oropharynx, are 

invasive and not cost effective in low-risk populations. 

Ideally, a screening test for HNSCC would be based on the presence of 

molecules, or biomarkers, in accessible body fluids such as serum or saliva. There has 

been widespread interest in the development of such a test, as evidenced by over 300 

published studies that reference the terms "biomarker" and "HNSCC." Two distinct 

strategies have been applied for HNSCC biomarker discovery. One is hypothesis-driven 

investigation of individual proteins, based either on their known role in other cancers or 

malignant transformation in general. The other is hypothesis-independent analysis of the 

entire pattern of protein or gene expression in biological samples from HNSCC patients. 

In this second approach, the goal is to identify a set of markers, or a "molecular 

signature" that can be used for early detection or to meet other clinical needs. 

' We hypothesized that proteins that have been identified multiple times in 

independent studies of HNSCC are good candidates for further investigation and 

validation. We therefore performed a literature search to identify all previous proteomic 

studies of HNSCC, generated a list of candidate protein biomarkers that were identified 

in each study, and matched each to its unique code in the UN I PROT database. We 

analyzed these data to determine which proteins had been identified in multiple studies, 



whether the direction of change observed in different studies was consistent, and 

whether there had been follow-up attempts at validation. 

5.2.0 Results 

5.2.1 Study characteristics. 
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Details of sample source, strategy and separation method, number of patients or 

cell lines, and bibliographic information for each study are provided in Table 5-1. 

The characteristics of the included studies are detailed in the Introduction 

Chapter (section 1.6.0). 46 studies were identified by a PubMed query. To compare 

proteins identified by different studies, we used a decision tree to reduce study variation 

(Figure 5-1). First, we asked whether proteins were identified molecularly. The majority 

of SELDI-based studies did not pursue identification, and were thus excluded. Thirty-five 

studies pursued molecular identification of proteins. Altogether, 447 unique proteins 

were identified. The number of proteins identified per study varied widely, with the 

majority of studies (17/35) identifying between 1 and 10 proteins (Fig 5-2A). To compare 

the finding across studies we then excluded the small number of studies that compared 

metastatic potential, HPV status, or drug treatment response in order to focus on the 25 

studies that reported quantification of proteins in cancer vs. normal. In this subset 404 

unique proteins were identified. Seventy-six (18%) of these proteins were identified in 

two or more studies, 33 were identified in three or more studies, and 1 0 in four or more 

(Figure 5-28). One proteih, HSPB1, was identified in nine studies. Proteins appearing in 

four or more studies are listed in Figure 5-3. For each protein the number of studies for 

which a protein increased or decreased in expression is provided. 
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5.2.2 Cell lines. 

HNSCC-derived cell lines have been used extensively to characterize 

differentially expressed proteins. In four studies, cells with different metastatic potential 

were compar~d 235
'
238

• In two studies, cells were treated with an anti-tumor agent: 

gefitinib 239 or CTFB 240
. In one study, the proteins from an HNSCC-derived cell line were 

compared to proteins from normal oral keratinocytes 101
• 

Mlyn~rek eta/. cultured tumor explants until outgrowth of cancer cells was noted, 

removed the cancer cells, and implanted them into mice 235
• After tumor growth was 

observed in the mice, they harvested the tumors, cultured them again for outgrowth, and 

implanted the second generation of cancer cells into a new batch of mice to confirm 

invasiveness. The reported experiment was a comparison of secreted proteins in the 

serum-free culture media of the first generation and second generation of the cell lines. 

This same procedure was used to compare serum from animals implanted with the 1 ' 1 

and 2"d generation of the cells 241
• 

5.2.3 Saliva. 

Saliva represents one of the most promising sources of potential biomarkers, as 

it is easily accessible. Analysis, however, is hindered by abundant digestive proteins that 

interfere with detection of potential biomarker proteins present at a much lower 

abundance.' It is possibly because of this difficulty that the fewest number of studies 

were conducted with salivary samples. These studies used various forms of 

prefractionation chromatography to remove the abundant salivary proteins. In two 

studies, new methodologies applicable to proteomic studies of saliva were tested 242
•
243

• 
' 

In the other three studies, samples from cancer vs. normal subjects were analyzed 

32,244,245 



128 

5.2.4 Serum. 

Twelve studies analyzed serum, another accessible body fluid that could 

potentially be used for early detection of cancer. Two studies analyzed serum from mice 

that had been injected with HNSCC cells 241
•
246

• These two studies were the only two of 

the serum-based studies that focused on identifying differentially expressed protein. 

Nine other stu9ies used SELDI-TOF to analyze human serum protein expression 

profiles, and one study used magnetic beads for protein separation and MALDI-TOF for 

protein identification 247
. The others compared only cancer patients with normal healthy 

control subjects 241
·
246

•
248

"
253

• Two studies compared the serum protein profile before and 

after patient treatment 247
•
254

• One study also compared the profiles of node-positive and 

node-negative cancer patients with normal subjects255
. The SELDI studies focused on 

pattern identification, but did also identify some proteins that produced discriminatory 

peaks. 

5.2.5 Tissue. 

Twenty-one studies compared normal and cancer tissue. Five of these used 

laser capture microdissection (LCM) to specifically select cells of interest 39
•
256

"
259

• Patel 

et at., and Baker et at. used LC-MS/MS to analyze their LCM-derived tissue. They 

reported proteins that were detected at any level in their samples and did not attempt 

quantification 3
"- Chi et at. used a two dimensional LC method for separation of proteins 

260
• Melle eta/. used protein chips and SELDI technology to find discriminatory peaks, 

and then identified the peaks of interest using 2-DE and MALDI-TOF 257
•
258

·
261

. Roesch

Eiy et at. also used SELDI to compare cancer and normal adjacent tissue 262
·
263

• Nine 

studies used 2-DE to separate proteins 32
•
107

•
111

•
264

"
269

• Ralhan eta/. used iTRAQ to 

quantify the relative abundance of biomarker peptides 270
• Weinberger eta/. used 20-

DIGE to identify differences in tumors arising from different subsites 271
• 
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5.3.0 Proteins in Common Between Studies 

HSPB1, formerly termed heat-shock protein 27, was the most commonly 

identified protein (9 studies). In 7 out of 9 studies, HSPB1 was up-regulated in cancer 

111
•
259

•
264

•
265

•
269

•
270

•
272

. The two exceptions were a cell-line study 101 and a laryngeal cancer 

study 268
• In cor:~trast to the up-regulation seen in the proteomic studies, 

immunohistochemical studies of HSPB1 generally describe a decreased expression that 

is correlated with an increase in stage, as well as dedifferentiation 273
-
275

. Higher 

expression levels correlated with favorable prognosis 274
•
275

. The conflicting data on 

HSPB1 are difficult to explain. One possibility is that immunohistochemistry measures 

total HSPB1 whereas proteomics measures individual isoforms. HSPB1 is extensively 

post-translationally modified, and a shift between isoforms might be a confounding 

factor. 

In other cancers, HSPB1 expression is associated with resistance to apoptosis 

and chemotherapy 276
"
280

• In breast cancer, HSPB1 stabilizes Her2 in the presence of 

Herceptin, thus increasing resistance 281
. The potentially complex role of HSPB1 and the 

frequency with which changes in expression are reported suggests this protein plays a 

pivotal but incompletely understood role. 

Increased expression of Manganese superoxide dismutase (Mn-SOD) was 

reported in seven HNSCC proteomic studies 259
·
260

•
264

•
269

•
270

•
272(Merkley 2009, submitted), 

and decreased in one 101
• Increased expression has been previously reported in oral and 

laryngeal tumors 282
, and in a comparison of paired metastatic/non-metastatic cell lines 

238
• The increased metabolic activity of tumors generates a need for enzymatic 

degradation of toxic metabolites such as reactive oxygen species. Consistent with this, 

MnSOD has been reported to increase in many other cancers 119
•
121

•
174

•
283

• 
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Variabie expression was also seen for two Annexin proteins, A 1 and A2, in the 

proteomic stu~ies. Expression of Annexin A 1 increased in two studies 264
•
270

, and 

decreased in five studies 101
·
111

•
262

·
269(Merkley, 2009 submitted). The decreased 

expression d~scribed by the majority of the studies (5/7) is concordant with results from 

mRNA expre~sion analyses 284
"
28s. These studies also showed a correlation of 

decreased expression with dedifferentiation. Expression for Annexin A2 increased in two 

studies 264
•
266 ~nd decreased in three 262

·
268

•
269

• Prior unrelated immunohistochemical 

studies of Annexin A2 are inconclusive; expression increased in one study, but 
I. 

decreased in .another 287
•
288

• 

Annexins are calcium- and protein-binding proteins that are involved in an array 

of cellular ac\ivities, including cell division, apoptosis, calcium signaling and growth 

regulation 289
; Expression of Annexin A1 has been previously described as elevated in 

adenocarcin9mas of the lung, stomach, colon and rectum, liver, pancreas, breast, 

thyroid and kidney and decreased in others such as hepatocellular carcinoma and 

I 
certain breast cancers 290

• 

Of the six studies identifying 14-3-3 cr, increased expression was noted in four 

264
•
266

•
270

•
272 and decreased expression in two 262

•
268

. Follow-up work from one of the 

proteomic el\periments showed that increased expression of 14-3-3 cr correlates with 

reduced disease-free survival 291
. Up-regulation of 14-3-3 a mRNA has also been 

previously demonstrated by microarray 292
, and increased expression of 14-3-3 cr is 

associated with HPV-16 expression. In tumors that were HPV-DNA positive, there was 

increased expression, whereas in HPV-DNA negative tumors, decreased expression 

was observed 293
. Interestingly, the 14-3-3 a is commonly silenced in spontaneous 
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human cancers (reviewed in 214
). 14-3-3 a is the isoform of the 14-3-3 signaling family 

found in keratinocytes. 

Increased expression of pyruvate kinase isoenzyme M2 was described in five 

studies 111
•
264

•
268

.
270

• The M1 isoform is expressed in most adult tissues, while the splice 

variant M2 is expressed during embryonic development and in tumor tissues 294
•
295

• The 

studies reported here did not make the distinction between the two isoforms. Although 

increased expression has been reported in these proteomic studies, Ervens eta/. 

concluded that expression of pyruvate kinase isoenzyme M2 is not useful as a biomarker 

in comparing OSCC to normal tissue 296
. 

Protein 81 OO-A9 was identified by 5 studies. Expression increased in one study 

based on saliva244 and decreased in four others based on tumor tissue 258
•
263

•
268

•
269

• 

Decreased expression has also been shown by gene microarray analysis 297
• Although 

up-regulation of S 1 OO~A9· has been shown in many cancers, decreased expression has 

been shown multiple times in squamous cell carcinoma of the esophagus (reviewed in 

298
). As this protein plays a role in resistance to inflammation and the stress response, 

the increase in saliva but decrease in tumor is a potentially useful clue. High levels of the 

protein in the saliva could indicate that the squamous epithelium is being stressed or is 

inflamed by tobacco or alcohol insults, forming the basis for an early diagnosis screening 

tool. 

Serpin 83, also known as squamous cell carcinoma antigen 1, is a serine 

protease inhibitor that has been previously identified as a marker for HNSCC 299
• 

Expression of this protein increased in four studies 111
•
246

•
264

·
269

• In HNSCC cells however, 

expression js reduced when compared to normal oral keratinocytes. It has been 

suggested the increased levels seen in serum are likely due to peripheral T lymphocytes 
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and are not from the tumor itself 300
•
301

• Thus, elevation in tumor lysates could be 

attributable to tumor-infiltrating lymphocytes. 

Expression of g lutathione-S transferase 1t increased in four proteomic studies 

259
•
264

•
270

•
272

• This mirrors previously published findings using other methods (reviewed in 
I 

302
•
303

). Glutathione-S transferases play a role in detoxification and oxidative stress 

responses, and it has been proposed that up-regulation in HNSCC occurs in response to 

carcinogens from tobacco smoke. 

Expression of aS-crystallin increased in one study 272
, and decreased in three 

264
·
265

·
269

• Previous immunohistochemical analysis of aS-crystallin has shown that it is 

present in HNSCC, but at low levels, especially in poorly differentiated cancers 304
• 

Boslooper e.t a/. concluded that it did not have potential as a prognostic marker 304
, a 

finding at odds with Chin et a/ 305
• 

5.4.0 Conclusion 

If the results are intended to be hypothesis-generating, it is troubling that there is 

an observed lack of consistency between studies. On the other hand, it could potentially 

I 
indicate that different classes of disease, which may become apparent upon long-term 

clinical follow-up, are being sampled. Lack of concurrence between the included studies 

may also reflect the heterogeneity of the disease, differences in sample collection, or 

differences in analytical methods. Although we have successfully generated a list of 

proteins that by nature of abundance undoubtedly play a major role in the evolution and 

' 
progression of HNSCC, we have also shown that in almost every instance, published 

data can be found demonstrating conflicting results regarding change in expression. In 

any case, the results indicate that clinical proteomics will need to overcome severe 

limitations before results can be applied clinically. 
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Sample 
:Strategy 

Separation 
Number of Patients Citation PMID Source method 

Top-down 2-DE 2 cell lines 101 15942644 

Top-down 2-DE 2 cell lines 235 17875858 

Top-down 2-DE 3 cell lines 240 17575118 

Top-down 2-DE 2 cell lines 236 19213596 
Cell line 

1 matched primary and metastatic 
Top-down 2-DE 237 12090472 

cell line 

Top-down 2-DE 3 paired lines with differing 238 18460737 
metastatic potential 

Bottom-up LC 2 cell lines, tissue 306 17558418 

Top-down RPAM 4 cell lines 239 19318490 

Top-down 2-DE 8 cancer I 8 normal 244 18617144 

Bottom-up 
FFE, SXC, 

4 cancer 243 18045803 
~LC 

Saliva Top-down LC 20 cancer I 20 normal 307 17804867 

Bottom-up LC 16 cancer /16 normal 245 18829504 

both LC 3 cancer I 5 normal 242 17273777 

Top-down 2-DE cancer vs. control injection 245 16143561 

Top-down MALDI- 24 Matched pre-/post-treatment 247 18043497 
TOF 

Top-down SELDI-TOF 74 cancer /146 normal 248 17626756 

Top-down SELDI-TOF 
142 cancer /110 normal/30 255 18202856 

lymph node (+) cancers 

Top-down SELDI-TOF 142 cancer /57 PMLL /65 normal 308 18821292 

Top-down SELDI-TOF 78 cancer /68 normal 249 16618908 

Serum Top-down SELDI-TOF 32 matched pre-/post treatment 254 18025317 

Top-down SELDI-TOF 113 cancer /102 normal 250 15269156 

Top-down SELDI-TOF 
99 cancer /102 normal, 25 normal 252 14732777 

smoker 

Top-down SELDI-TOF 99 cancer I 102 normal 251 15014013 

Top-down SELDI-TOF 48 cancer /52 normal 253 16846929 

2DE and 
Top-down 20-LC 2 cancer I 2 normal 241 19284786 

liTRAQl 

Top-down 2-DE 1 0 cancer I matched NAT 264 15274141 
Tissue 

Bottom-up 2DLC 3 tumors I matched NAT 260 19297561 



134 

Top-down 2-DE 10 cancer I matched NAT 265 14730689 

Top-down RPAM 6 tissue compartments 256 11721638 

Top-down 2-DE 10 cancer I matched NAT 266 18700792 

Top-down 2-DE 1 0 cancer I matched NAT 272 16889763 

Top-down 2-DE 
11 HPV18 (+)cancer, 71 HPV18 32 17451265 (-}cancer 

Top-down 2-DE 2 cancer I 2 normal 268 17127822 

Top-down 2-DE 10 cancer I matched NAT 111 16568407 

Top-down 2-DE 1 0 cancer I matched NAT 269 18458027 

'Bottom-up LC 5 tumor I matched NAT 39 15695121 

Bottom-up LC 1 0 cancer I 5 normal 270 18339795 

Bottom-up LC, FFPE 16 259 18281532 

Top-down SELDI-TOF 
17 HPV (+)cancer 17 HPV (-) 

cancer 
261 19337991 

Top-down SELDI-TOF 57 cancer 144 matched NAT 257 12824440 

Top-down SELDI-TOF 57 cancer 144 matched NAT 258 15205318 

113 cancer I matched NAT; 73 

Top-down SELDI-TOF healthy controls, 99 tumor-distant, 262 16819514 and 18 tumor-adjacent squamous 
mucosa 

Top-down SELDI-TOF 110 HNSCC I 35 normal 263 15819419 

, Top-down 2-DE 12 cancer I 5 normal 267 9076234 

Merkley, 
Top-down 2-DE 14 cancer 114 matched NAT submitte NIA 

d 

Top-down 2-DE 14 cancer I matched NAT 271 NIA 

Table 5-1: Summary of proteomic studies of HNSCC 
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Figure 5·1: Decision tree. 

The flow chart illustrates the process by which proteins were compared. 

The first criterion for inclusion was quantifiable molecular identification 

of proteins. The second criterion for inclusion was a study design in 

which normal and cancer were compared. Proteins that were identified 

in 4 or more studies were analyzed further. 
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A. Number of proteins that were identified per study. B. Numbers of proteins 
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independef;ltty identified in multiple studies. 
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Accession Protein Identification 

?04792 HSPB1 

P04179 Superoxide dismutase 

P31947 14-3-3 0' 

P04083 AnnexinA1 

P07355 AnnexinA2 

P06702 Protein S1 OO·A9 

P09211 Glutathione $-transferase P 

P14618 Pyruvate kinase isozymes M1/M2 

P16949 Stathmin 

P02511 a.-aystallin B cha!n 

P31949 ~tein S100·A11 

P06733 a.-enolase 

Q046'l5 Keratin, type I cytos~ele1al 17 

P02633 Keratin, type I cytosketeta,l14 

P29508 Keratin, type I cytoskeletal14 

3 2 1 1 2 3 4 s 6 1 a e 

Number of Studies 

Figure 5-3: Proteins identified in 4 or more studies. 

Proteins that were identified in four or more studies are listed here. The UniProt 

accession number, protein name, and the number of studies in which the protein 

expression changed in relation to cancer are included. 
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ABSTRACT 

Laser capture microdissection and two-dimensional difference gel electrophoresis were 
' 
' used previously to establish proteomic profiles for tumor and normal adjacent tissue from 

14 patients. Here, significance analysis of microarray was used to rank candidate 

biomarkers. Spots meeti~g statistical and biological criteria of significance were 

analyzed by liquid chromatography and tandem mass spectrometry to obtain protein 

identifications. The expression pattern of the highest-ranked candidate biomarker 

(cornulin) was validated in a larger, independent patient cohort (n=68) by 

immunohistochemical staining of a tissue microarray. 117/732 spots (15.9%) met criteria 

for significance. Identities were obtained for 39 spots, representing 19 different proteins. 

138 
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Of these, four were novel in the context of head and neck cancer. Glutathione 

synthetase was up-regulated in tumor versus normal. Cornu lin, guanylate binding protein 

6, and GRP78 were down-regulated. Cornulin was also found to be strikingly 

downregulated in an independent patient cohort (P<0.001). Other proteins that differed 

in cancer and normal included anti-apoptotic proteins, markers of cell proliferation, and 

structural proteins. Cornulin and other proteins that were identified in this study may 

have clinical utility as histologic markers to unambiguously distinguish head and neck 

squamous cell cancer from normal tissue. 

6.1.0 Introduction 

Squamous cell carcinoma of the head and neck (HNSCC) is the sixth most 

common malignancy worldwide in adults 19
• Nearly 50,000 new cases are diagnosed in 

the United States each year 309
• In contrast to most other cancer types, the overall 

survival rate ,(60%) for HNSCC has changed only slightly, if at all, in the last 30 years 

(epidemiology reviewed in 310
). These statistics are especially sobering in light of 

advances in imaging technology, surgical and non-surgical treatment methodologies, 

and peri-operative medical care for the head and neck cancer patient. 

One promising avenue of research is the identification of biomarkers of disease 

state. These are available for other cancers, notably breast and prostate cancer, where 

they are beginning to be applied clinically. Biomarkers can be used in a number of ways, 

including early detection, establishment of prognosis, prediction of the response to 

specific therapies, analysis of surgical margins, and monitoring for disease recurrence. A 

common st~rting point for identification of biomarkers is proteomic profiling to compare 

tissue or accessible body fluids from the HNSCC patient with corresponding uninvolved 

tissue or fluids from healt~y subjects. 
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We have previously reported proteomic profiling of HNSCC tissue and patient-

matched normal adjacent tissue (NAT). We used laser capture microdissection (LCM) to 

obtain pure populations of cancer cells. Microdissection excludes stroma and necrotic 

tissue, potentially increasing specificity 38
•
174

• We then used two-dimensional difference 
' 

gel electrophoresis (20-DIGE) to accurately measure abundances of 732 protein spots 

that were detected in >90% of the samples. We previously reported that there were no 

significant differences in the overall proteomic patterns of HNSCC from different 

anatomic subsites 271
• Here we describe molecular identification of top-ranked 

biomarkers tpat differentiate HNSCC and NAT. The top-ranked biomarker identified in 

this study, cornulin, was validated in a larger cohort and is an absolute discriminator 

' 
between lesional and normal tissue. 

6.2.0 Methods 

6.2.1 Patient selection. 

The cohort has been described 271 and included tissue samples obtained from 

patients with histologically confirmed HNSCC treated at the Medical College of Georgia 

(MCG) from 2004 to 2007 that enrolled in a voluntary tissue/tumor banking registry. 

Collection of tissue and subsequent analyses were approved by the MCG Institutional 

Review Board. All patients with available matching tumor and adjacent histologically 

normal frozen tissue at study inception were included. Biopsy specimens for the study 

were obtained pre-chemotherapy and/or radiotherapy. The cohort consisted primarily of 

patients with advanced TNM stage; three patients were TNM stage 1111, and eleven 

patients stage III/IV. Subsite of origin was oropharynx (3), larynx (4), and oral cavity (7). 
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6.2.2 LCM/20-DIGE analysis. 

The experimental procedure was as described previously6
. Briefly, tumor and 

patient-matched NAT from 14 patients was stained with nuclear fast red and subjected 

to LCM using an Arcturus PixCelllle microscope. Protein from captured cells was 

extracted and quantified, and an aliquot of each sample was labeled to saturation with 

Cy5 sulfhydrYl-reactive dye. A mixed internal standard was prepared by combining an 

aliquot of protein lysate from each sample and labeled to saturation with Cy3 sulfhydryl

reactive dye. Electrophoresis and data analysis have been described previously 38
•
174

•
271

• 

6.2.3 Protein identification. 

Proteins that met the statistical and biological criteria for significance, as 

explained in results, were considered candidates for molecular identification. LCM was 

used to obtain approximately 200 1.1g of protein from the patient samples. The protein 

was labeled with Cy5, mixed with 1 1.1g of the Cy3-labeled internal standard, and 

resolved by 2-dimensional electrophoresis. Spots were matched to the master analytical 

gel and picked by a robotic corer (Etlan Spot Picker, GE Healthcare Sciences). Proteins 

were digested with trypsin, and peptides were subjected to LC-MS/MS using an L TQ ion 

trap mass spectrometer (Thermo Scientific). Protein identities were determined from LC

MS/MS data using the Sequest algorithm as implemented by the BioWorks Browser v 

3.2 (Thermo Scientific) and searching against the NCB I database. Identification was 

considered successful based on the Sf score (>.5), the P value (<.05), and consistency 

between experimental and predicted molecular weight and pl. 

6.2.4 Immunohistochemistry. 

A commercial tissue microarray (TMA) (Biomaxx, Rockville, MD) was stained 

with anti-cornu lin antibody, as described previously 174
• Briefly, the slide was incubated 
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with 1:100 anti-cornu lin (Alexis, San Diego, CA) for 30 minutes. The slide was washed 

' twice with PBS, then with HRP-conjugated goat anti-rabbit immunoglobulin (Envision+ 

HRP kit, Dako Corp. Carpinteria, CA.). The slide was rinsed twice with PBS and bound 

antibody was detected using diaminobenzidine. The slide was counterstained with 
• 

hematoxylin. Scoring was determined by a board-certified pathologist (JRL) and reported 

on an ordinai scale as 0 (no expression) to 3 (strong expression). 

6.3.0 Results 

6.3. 1 Proteomic profiling. 

Profiling was performed previously using 14 HNSCC and 14 patient-matched 

NAT samples 271
• Patient demographics were also reported previously. Males and 

females were equally represented. Age at diagnosis ranged from 45 to 74 years. 

Patients were also classified by gender, primary subsite, tumor-node-metastasis (TNM) 

stage, histologic grade, tumor type (recurrent versus primary) and management. 

Samples were obtained from standard histologic sections by LCM. Proteins were 

extracted, fluorescently labeled, and analyzed by 20-DIGE using an internal standard 

design. Spot maps were generated for 28 gels (14 HNSCC, 14 NAT). The maps were 

aligned with a master spot map, and relative abundance values were generated for each 

of 732 protein spots that were common to >90% of gels. 

6.3.2 Statis_tica/ analysis. 

Significance Analysis of Microarray (SAM) was used to evaluate the paired 

relative abundance values for each protein spot, and a false discovery rate (FOR) was 

estimated using permuted data sets. A false discovery rate of 0 was chosen as a 

statistical cutoff. Of 117 spots that met this criterion, 35 increased in HNSCC versus 

NAT and 82 decreased. We applied a second filter of >2-fold change, reasoning that 
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proteins that had less than 2-fold change were unlikely to be robust biomarkers. Of 75 

spots that passed both filters, 23 increased in HNSCC versus NAT, and 52 decreased. 

6.3.3 Protein identification. 

SAM analysis provides a statistically ranked list, which aids in prioritization of 
' 

spots for identification. We attempted the identification of 51 spots by LC-MS/MS using 

an ion-trap L TQ mass spectrometer. Of the 39 (76%) that were identified, seven were 

present in two or more spots, leaving 19 unique identifications. Identified proteins are 

listed in Table 6-1 and are sorted by direction and magnitude of fold change. They 

included structural proteins, markers of cell proliferation, and stress proteins. 

6.3.4 Marker characteristics. 

To evaluate the ability of these 19 proteins to collectively discriminate between 

HNSCC and NAT, we performed an unsupervised clustering analysis and represented 

the results in the form of a heat map (Fig. 6-1A). HNSCC samples clustered separately 

from NAT, and the difference in expression pattern is readily apparent by inspection. We 

also performed a principal component analysis using the same group of identified 

proteins (Fig. 6-1 B). The normal samples and cancer samples again clustered, indicating 

that the set of 19 identified proteins robustly discriminates between groups. 

6.3.5 Cornu/in. 

The statistically top-ranked marker was cornulin, a 53 kDa member of the 

calcium-binding S-100 protein family. Indeed, isoforms of cornulin were identified six 

times within the set of 39 ·identified spots. Relative expression values for cornulin in 

HNSCC and patient-matched NAT samples are graphed in Fig. 6-2A. Cornulin levels 

decreased in all 14 patients, and there was no overlap between cornulin abundance 
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values in HNSCC and NAT. Thus, the area under the receiver operating characteristic 

curve (ROC) was 1.0 (not shown), which is outstanding for a single marker. 

To further evaluate the utility of cornulin as a potential biomarker of HNSCC, we 

analyzed expression using anti-cornulin antibody to stain a tissue microarray containing 

normal oral squamous epithelium (14), with well-differentiated (16), moderately 

differentiated (26), and poorly differentiated (12) tumors (representative images, Fig. 6-

28). The mean graded staining intensity for normal tissue was 2.5 on a 0-3 scale. The 

mean graded intensities for the well-, moderately, and poorly differentiated tumors were 

0.0, 0.08, and 0.2, respectively (l=59.8, P<.001, Fig. 6-2C). In 8 of 68 cores, strong 

focal expression of cornulin could be seen among negatively-stained tumor cells. These 

areas may correspond to maturing squamous morules and were not included in the 

grading scheme. An example of this focal staining is also shown in Figure 6-28). The 

cores with intense focal staining were seen in well-differentiated HNSCC (4/16) and 

moderately differentiated HNSCC (4/26) but not in poorly differentiated cancer (0/12). 

6.4.0 Discussion 

Here we report a set of 19 identified proteins that strongly discriminated between 

HNSCC and patient-matched NAT. The use of patient-matched tissue was important for 

defining this data set. With cornulin, for example, abundance values in normal tissue 

varied, but the fold-decrease in HNSCC was similar in most cases (Fig. 6-2). Similarly 

the use of LCM to enrich for pure populations of tumor cells may have been helpful in 
' 

reducing cqnfounding factors. 

6.4. 1 Proteins that decrease in HNSCC. 

There were 11 unique proteins that were down-regulated in HNSCC versus NAT. 

The most highly ranked protein was cornulin, which is a novel biomarker in the context of 
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HNSCC. The robust down-regulation of cornulin, is however, strikingly similar to recent 

findings in cervical cancer, where it was the only biomarker that quantitatively 

discriminated normal cervix, high grade squamous intraepitheliallesions (HSIL), and 

invasive cancer 174
• The similar behavior of cornulin in HNSCC and cervical cancer may 

reflect the common origin of both cancers in stratified squamous epithelium. Cornu lin, 

also known as 'stress protein 53, is a calcium-binding protein and a cornification 

chaperone. Decreased expression may be attributable to de-differentiation in neoplastic 

squamous keratinocytes. Cornulin is up-regulated in response to acid stress in the 

esophagus but down-regulated in esophageal cancer7
• 

Guanylate binding protein 6 is also a novel biomarker in the context of HNSCC. 

Interestingly, this member of the 65 kDa GTPase family is normally up-regulated in 

response to interferon-y 311
. Decreased expression in cancer could reflect lower 

expression of IFN-y in the tumor-microenvironment or loss of ability to respond to this 

inflammatory cytokine. 

Heat s~ock70 kDa protein 5, also known as glucose-regulated protein 78 

(GRP78) was a third novel biomarker in the context of HNSCC. The two-fold decrease 

was unexpected, as this stress protein has been shown to be up-regulated in a number 

of other cancers, including breast, prostate, liver, colon, and gastric cancers 312
• There 

have been no prior reports of either increased or decreased expression in HNSCC. 

Further investigation of this potential marker is warranted. 

The present survey also identified many proteins that have been reported before 

as HNSCC biomarkers. Expression of cytokeratins 4, 8, and 13 decreased in HNSCC 

relative to NAJ, consistent with several reports 133
•
313

. Keratin 4 was one of only two 

markers where there was no overlap in abundance values between HNSCC and NAT 
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(cornulin was the other). Annexin A1 decreased in HNSCC relative to NAT in all14 

patients. Expression of Tranglutaminase 3, which crosslinks proteins in cornified 

epithelium, was decreased in HNSCC consistent with prior reports 314
•
315

• Cystatin-8, a 

cathepsin-8 inhibitor, was decreased, although in a prior study it was unchanged 316
• 

There was a decrease in the leukocyte elastase inhibitor (Serpin 81 ), which is consistent 

with our previous findings in cervical cancer 174
. We saw adecrease in Annexin A, 

consistent with three previous studies, although other studies have reported an increase; 

this discrepancy is unexplained 1o1,111,174.237,264,269,27o_ 

6.4.2 Proteins that increase in HNSCC. 

There were seven unique proteins that were up-regulated in HNSCC versus 

NAT. One of these, glutathione synthetase, is novel in the context of HNSCC. Elevation 

could reflect oxidative stress in the tumor microenvironment. Oxidative stress could also 

be responsible for the elevation of manganese superoxide dismutase, a finding that is 

consistent with many prior reports 237
•
259

•
269

• Manganese superoxide dismutase 

expression has also been suggested to correlate with metastatic potential in cell lines 238
• 

Elevation of keratin 17 is consistent with previous reports that expression increases in 

HNSCC, is correlated with metastatic potential, and is seen in positive lymph nodes 

315
•
317

•
318

• Elevated proliferating cell nuclear antigen is consistent with the role of this 

protein in DN~ replication and with a previous report that this is an adverse prognostic 

marker for HNSCC 319
• 

6.5.0 Conclusion: 

Comparative proteomics can successfully identify potential biomarkers in 

HNSCC. We identified 19 unique proteins, four of which are novel in the context of 

HNSCC. Cornulin shows strong promise as a histological marker able to distinguish 



HNSCC from NAT. The other markers will require further study to determine their 

possible utility as biomarkers. 
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Spot# IdentificatiOn UniProt Fold P value Score PC MW 
Accession Change (%) (kDa) 

464 Cornulin Q9UBG3 5.28 1.00E-30 108.3 35 53502 

455 Cornulin Q9UBG3 4.33 2.66E-12 30.26 13 53502 

2089 Keratin, type II cytoskeletal4 P19013 4.62 1.17E-09 186.2 33 57250 

543 Keratin, cype II cytoskeletal 4 P19013 4.10 4.05E-10 154.2 31 57250 

524 Keratin, cype II cytoskeletal 4 P19013 3.94 8.54E-10 144.2 29 57250 

449 Comulin Q9UBG3 3.58 1.00E-30 70.29 31 53502 

563 Keratin, type II cytoskeletal4 P19013 3.58 4.67E-12 126.2 26 57250 

469 Cornulin Q9UBG3 3.37 1.11E-15 80.3 31 53502 

517 Keratin, cype II cytoskeletal4 P19013 2.91 4.52E-08 90.18 22 57250 

546 Keratin, cype II cytoskeletal4 P19013 3.16 2.66E-11 132.2 28 57250 

1979 Cystatin-B P04080 3.07 1.73E-13 50.17 61 11133 

528 Keratin, cype II cytoskeletal 4 P19013 2.81 1.80E-09 138.2 25 57250 

' 557 Keratin, type II cytoskeletal4 P19013 3.25 3.88E-09 164.2 30 57250 

725 Keratin, type I cytoskeletal13 P13646 2.95 1.92E-05 124.1 25 45837 

939 Leukocytk elastase inhibitor P30740 2.68 5.77E-15 120.2 29 42715 

457 Cornulin Q9UBG3 3.09 5.55E-15 80.29 31 53502 

553 Keratin, cype II cytoskeletal4 P19013 3.14 4.67E-09 146.2 31 57250 

1977 Cystatin-B P04080 2.73 3.83E-13 26.17 7 11133 

269 Serum Albumin P02768 2.64 9.46E-10 130.2 18 65993 

1110 Annexin ~1 P04083 2.53 3.61E-11 126.2 39 38690 
' 

2099 Annexin A1 P04083 2.45 8.81E-12 120.2 40 38690 

663 Keratin, cype II cytoskeletal 8 P05787 2.51 1.31E-09 28.15 15 30759 

361 Guanylat~-binding protein 6 Q6ZN66 2.62 1.99E-13 70.14 12 72399 

719 Comulin Q9UBG3 2.36 1.67E-14 80.29 31 53502 

1148 Annexin A1 P04083 2.34 1.71E-10 96.19 35 38690 
' 357 Guanylat~-binding protein 6 Q6ZN66 2.33 0.0002 30.12 8 72399 

272 
Protein-glutamine gamma-

Q08188 2.26 1.81E-06 64.13 11 76584 glutamyltransferase E 

1109 Annexin A1 P04083 2.223 1.72E-09 108.2 35 38690 

564 Keratin, iype II cytoskeletal4 P19013 2.13 1.15E-07 166.2 21 62423 

1114 Annexin A1 P04083 2.14 1.97E-09 100.2 35 38690 

532 
Heat shock 70kDa protein 5 

BOQZ61 2.01 2.31E-14 320.2 44 72289 
(GRP78) 

285 Keratin, cype.ll cytoskeletal5 P13647 2.12 1.08E'08 112.2 16 62423 

1705 Ferritin light chain P02792 2.49 3.07E-13 36.19 19 20007 

935 MScronuclear actin P10922' 2.31 1.41E-12 42.14 17 41720 

744 Keratin, type I cytoskeletal 17 Q04695 3.26 1.13E-12 136.2 30 48076 

726 Glut"!.thione synthetase P48637 3.19 0.00017 38.12 14 52352 

1674 Superoxide dismutase. [MQ] P04179 2.51 4.88E-08 10.12 7 '24695 

1188 Proliferating cell nuclear antigen P12004 2.63 4.11E-07 40.18 20 28750 

1677 Superoxide dismutase [Mn] P04179 2.74 6.09E-11 14.15 11 24695 

739 Keratin, cype I cytoskeletal17 Q04695 4.57 3.19E-11 174.2 44 48076 

- - - -Table 6-1: Protems d1fferent1ally expressed between HNSCC and normal tissue_ 
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Table is sorted by direction and magnitude of fold change. The proteins at the top of the 

table (no shade) are the proteins that were elevated in normal versus cancer tissue. The 

proteins at the bottom of the table (shaded gray) are proteins that were elevated in 

cancer versus.normal. 31" out of 40 submitted proteins were identified. P (pro) is the p

value for the identified protein. Scores less than 11 were not significant. PC (peptide 

coverage) indicates the amount of the identified proteins that the peptides covered. 

Accession numbers are from UniProt and NCBI. 

' 



150 

A. Heat Map 

Experimental Groups 

B. Principal Component Analysis 

" .. .. • • " • .. • • • 
" PC2 0 • .. , • , • •• • • 
,, 

• .. 

• CA~CEA 
PC1 

• NORMAl 

Figure 6-1: Statistical analysis. 

A. Results of unsupervised cluster analysis of 19 identified candidate 

biomarkers, presented in the form of a heat map. B. Principal component 

analysis derived from the expression levels of the same set of 19 identified 



A. Cornuhn Abundance· 20-DIGE B. Immunohistochemical Staining 

Normal AdJacent 
tO 

B ,I c 

"' " c 

" .c 
<( 
N 

8' 
-' 

Wei Differentiated 

i 
~ .. 0 I 

& z 

0 01 

NOt' mal 

C. Cornulin Abundance: lmmunohtstochemistry 

~ 26 nat• 

" ; 
£ 

~ 
.!! 
VJ 

~ 
! 

OS 

0 0 

Figure 6-2. Validation of cornu/in as a candidate biomarker. 

A. Graph of the normalized log2 abundance values for cornu/in. Lines connect 

abundance values for patient-matched samples. Results are for spot 464, one of 

six spots corresponding to cornu/in isoforms. All showed very similar expression 

trends. B. Immunohistochemistry. A tissue microarray containing 80 cores (70 

cancer, 10 normal) was stained with anti-cornu/in. Representative images from 

normal adjacent tissue, and well-differentiated, moderately differentiated and 

poorly differentiated tumors are shown. An example of focal staining is a/so 

shown. Brown staining indicates the presence of the protein. C. Average graded 

for the intensity of staining for each group. 
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7. DISCUSSION 

7.1.0 Summary of Projects 

The manuscripts included with this dissertation provide four examples of how 

proteomic techniques can be applied to address clinical questions. The manuscripts 

here detail experiments that compare: 1) normal, pre-neoplastic lesions, and cancer, 2) 

cancers arising from different anatomic subsites, 3) differences due to individual 

oncoprotein expression, ~nd 4) cancer and normal tissues. One additional manuscript 

presents a meta-analysis of proteins identified by multiple studies. 

7.1.1 Molecufar differences between normal cervix, pre-neoplastic lesions, and 

cervical cancer. 

Studies in Chapter 2 used LCM/2D-DIGE to compare patient-matched normal 

adjacent tissue with HSIL and to compare these samples to invasive cancer. The marker 

with the greatest discriminatory ability was cornu lin, the only protein that could 

differentiate between all three types of tissue. The potential clinical utility for this protein 

is under further investigation. The DJ-1 protein is an example of another marker that 
' 

holds potential clinical significance. Expression of this oncogene was high in cancer 

compared to normal tissue, but mixed in the pre-neoplastic lesions. Increased 

expression of this oncoprotein could potentially identify pre-neoplastic lesions that are at 

risk of progression to cancer. 

152 
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7.1.2 Molecular differences between HNSCCs arising at different anatomic 

subsites. 

' 
Studies in Chapter 3 used AQUA and LCM/20-DIGE to compare cancers arising 

from three anatomic subsites. In spite of intensive analysis, significant differences were 

not discovered. This could be because of small sample size or because differences are 

subtle enough to escape detection by the methods used. Alternatively, it might be that 

there are no molecular differences, and the different clinical outcomes are explained 

solely by anatomy. 

7.1.3 Molecular differences attributable to HPVoncoprotein expression. 

Studies in Chapter 4 used 2D-DIGE to compare populations of cells immortalized 

by expression of high-risk type HPV E6, E7, or E6 and E7 together. There were two 

interesting findings. 1) The majority of proteins followed similar patterns of regulation in 

the immortalized keratinocytes, regardless of which oncoprotein was driving 

immortalization. These pr.oteins associated with immortalization are potential markers of 

early transformation. 2) There were a very small number of proteins that were outliers 

from the main data set. These proteins may be relatively direct targets of HPV 
' 

oncogenes and are thus potential therapeutic targets. 

7.1.4 Meta-analysis of proteomic studies. 

The )\leta-analysis in Chapter 5 details the previous proteomic studies of 

HNSCC. Proteins identified by all of the studies were tabulated, and proteins in common 

were identified. This is a novel approach to evaluating the efficacy of proteomic studies. 

It is apparent from the da!a presented that methods to date have been insufficient to 

establish a consistent complete, profile of proteomic alterations in HNSCC. 



154 

7.1.51dentification of proteins altered in HNSCC versus normal adjacent tissue 

using LCM and 20-DIGE. 

Studie~ in Chapter 6 used LCM/20-DIGE to compare HNSCC and patient-

' 
matched normal adjacent tissue. Similar to the cervical cancer study, cornu lin was 

identified as one of the most discriminatory markers. This validates the idea that HNSCC 

and CSCC might have biological similarities, as presented in the Introduction. Further 

studies of cornulin as a marker of field cancerization may be indicated. 

7.2.0 Purpose 

The experiments that I performed were driven by the question of "what is the 

difference?" between states rather than the question of "why is there a difference?" The 

former lends itself to clinical tests, while the latter leads to insights into biological 

mechanisms trat may form the basis of future targeted therapies. 

This conceptual approach is outlined in Figure 7-1. Clinical questions, like the 

ones addressed by the included manuscripts, are driven by clinically observable 

differences, or "macro-phenotypes." These may be differences in survival, response to 

treatment, or tumor aggressiveness. Differences at the clinical level are driven in part by 

changes at the molecular level and can be thought of as the "micro-phenotype." 

Proteomics can identify these molecular differences, leading to the identification of 

clinically useful biomarkers. Identification is only the first step, as it is then necessary to 

address questions of translational and clinical utility. The first question is about the 

robustness of the discovery-can the change be observed in a different patient cohort? 

The second q~estion is, "why is there a difference?" If a protein is differentially 

expressed in cancer, the difference may confer a survival advantage to the tumor. 
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Understanding why a protein is differentially expressed may lead to targeted therapies 

that abrogate this survival advantage. 

7.2. 1 Clinical validation 

Validation studies in the included manuscripts focused only on the initial step of 

clinical validati"on, which involved repearing the finding in a different cohort using 

immunohistochemistry on tissue microarrays. In the cervical cancer progression study, 

validation of markers was pursued by tissue. The results of the tissue microarray 

experiments were concordant with the 2D-DIGE results for only one protein, cornu lin. 

The results for the second protein, PA28f3, conflicted with the 2D-DIGE results for 

reasons that have not been explained but could reflect technical issues. The results 

observed for the third protein, HSPB1, were similar to the 2D-DIGE results, except that 

the pattern of expression in more advanced cancer was more complex than anticipated. 

In the study that compared HNSCC and patient-matched normal adjacent tissue, 

cornulin again was the highest-ranked marker of the difference between the two states. 

The discriminatory capability of this protein was also validated using a tissue microarray. 

As this protein decreases in cancer compared to normal tissue (rather than increases), 

its utility as a marker of early detection is not obvious. In spite of this, validation was 

pursued for cornulin for 4 reasons: 1) technical validation of the experiment, 2) cornulin 

was a novel discovery in the context of HNSCC tissue, 3) we demonstrated previously 

that it could discriminate between normal cervix and pre-neoplastic lesions of the cervix, 

and therefore may be useful in surgical margin analysis to detect preneoplastic changes, 

and 4) an earlier study suggested that cornulin was elevated in the saliva of patients with 

HNSCC 245
• This suggests that although cornulin decreases in lesional tissue it may 

increase in body fluids. As cornulin is proposed to be a stress-response protein, it is 
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possible that increased expression is indicative of a tumor-host interaction that results in 

the shedding of cornulin-positive cells from the normal adjacent tissue. A similar pattern 

was observed for three other proteins in the HNSCC meta-analysis. HSPA 1A, carbonic 

anhydrase, and protein S100-A9 (calgranulin-B) were all selectively detected in the 

saliva of HNSCC patients but not normal subjects, whereas other analyses showed 

decreased ex~ression in lesional tissue for all three proteins. These combined results 

warrant further follow-up in assessing cornulin expression in both normal and cancer 

tissue as markers of early disease. 

7.2.2 Patterns of HSPB1 expression in CSCC and HNSCC 

Considering this dissertation as an integrated whole, one protein, HSPB1, 

emerges as a potentially interesting candidate for further mechanistic studies. First, in 

the cervical cancer progression study (Chapter 2), decreased expression of this protein 

was noted in comparison.to the normal cervical tissue. This was true in all of the 

samples in the study. When the expression was assayed in a larger patient cohort using 

a tissue microarray, an interesting pattern became apparent. Intense expression was 

noted in the normal epithelium and in the pre-neoplastic lesions. In grade I and grade II 

cervical cancer, the expression of HSPB1 was variable but lower than in the normalized 

pre-neoplastic tissue. HSPB1 is a cornification chaperone, and this loss of expression 

pattern is consistent with the loss of the differentiated state. In grade Ill cervical cancer, 

however, the expression pattern was bimodal-some samples were non-staining, 

whereas others showed intense staining. In the HNSCC meta-analysis, HSPB1 was 

independently identified in more studies than any other protein. In most cases (7/9) 

expression was shown to increase. Previous immunohistochemical studies, however, 

have described a decreased expression for HSPB1 in HNSCC. 
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One hypothesis to explain the pattern of HSPB 1 expression is that it is 

attributable to HPV oncoprotein expression. In the HPV oncoprotein transformation 

experiment, five separate protein spots were identified as charge isoforms of HSPB1. 

One migrated·at the position expected for unmodified protein, whereas the others were 

more acidic. All of the isoforms were up-regulated in the HPV-transformed keratinocytes: 

One of these more acidic isofonns provided one of the only examples of a protein for 
' 

which expression in the E6/7-transformed cells was greater than predicted based on the· 

combined expression of E6 and E7. Peptides containing tyrosine phosphorylation sites 

were absent from the MS patterns of modified forms suggesting that these forms were 

phosphorylated. This indicates a synergistic up-regulation of a phosphorylated form of 

HSPB1. It has been reported that the MAP kinase p38 is able to both induce expression 

of and activate HSPB1 320 This dual effect suggests two hypotheses: 1) HPV E6 and E7 

coexpression up-regulates a specific protein kinase and 2) some but not all 

advanced cancers may no longer be dependent on HPV-driven events that are 

characteristic of early stage cancers. The heterogeneity described in the proteomic 

review, and observed in the cervical study, together with the anti-apoptotic activities of 

HSPB1, also suggest the following hypothesis: 3) increased expression of HSPB1 

provides a survival advantage. 

7.2.2.1 HPV E6 and E7 coexpression up-regulates a specific protein kinase. The 

first step in establishing the relationship would be to perform in situ HPV-DNA 

' 
hybridization and HSPB1 on the same tissue microarray. If HSPB1 expression correlates 

with the presence of HPV-DNA, it would establish an association, but not causality. 

To further address this hypothesis, I would make use of MAP kinase tools. 

HSPB1 is phosphorylated in the p38 kinase cascade by p38-regulated and -activated 
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kinase (PRAK, or [MAPK]-activated protein kinase 5) 321
• To determine whether HPV 

caused the shift in isoforms through an increase in phosphorylation, I would transfect 

cells with the HPV oncogenes (individually and tandem) and make the following 

observations: 

1) Using a two-dimensional gel immunoblot for HSPB1, I would assess whether 

transfection of the oncogenes caused a shift in the HSPB1 isoforms. Post-translational 

modifications of the differentially-expressed isoforms would be analyzed by mass 

spectrometry. 

2) I would monitor whether there was an increase in p38 kinase activity following 

transfection with the HPV oncogenes. I would do this by measuring the phosphorylation 

status of other known p38 targets. I would also measure the phosphorylation status of 

the HSPB1 isoform identified in step 1. 

3) I would then perform the converse experiment by transfecting cells with the HPV 

oncogenes in the presence of a p38 MAPK-specific inhibitor, SCI0-469 320
• 

A sham plasmid for a control infection would be very important to this experiment to 

ensure that the increase in p38 activity was due to the HPV oncoprotein, and not to 

stress induced by the transfection. 

7.2.2.2 Some, but not all, advanced cancers may no longer be dependent on 

HPV-driven events that. are characteristic of early stage cancers. This hypothesis would 

be pursued tc;J determine whether the loss of HSPB1 expression in advanced cancers is 

accompanied by a decrease in HPV oncoprotein expression or a loss of an intermediate 
' 

factor such as activated P.38 MAPK. Following the experiments in the preceding section, 

I would then determine whether the HPV oncoprotein expression was also responsible 
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for the differential expression of HSPB1 in advanced cancer. To determine the 

mechanism driving the differential expression, I would: 

1) Perform in situ HPV-DNA hybridization and HSPB1 on the same tissue microarray. If 

HSPB1 expression correlates with the presence of HPV-DNA, it would establish an 

association, but not causality. In a parallel experiment I would stain for p38 and HSPB1 

expression on the same TMA. I would expect there to be a correlation between 

expression levels. 

2) lfthere is an association, the nature of the relationship could be pursued in an in vitro 

system. The first step would be to knockdown HPV oncoprotein expression in HPV

' I 
transformed cells. I would expect to see a decrease in HSPB1 expression. I would then 

perform the converse experiment using primary or minimally transformed cells. I would 

tranfect the cells with the HPV oncogenes and look for rapid induction of HSPB1 protein 

expression. 

3) I would then ascertain whether the increased expression was due to induction of the 

HSPB1 gene, or enhanced protein stability. In the preceding step, I would observe 

whether the increase in protein expression was preceded by an increase in HSPB1 

mRNA. A finding of increased HSPB 1 mRNA could be supported by treatment of the 

cells with the transcription and translation inhibitors actinomycin D and cycloheximide. If 

the expression decreased, it would suggest that HPV oncoproteins trigger transcription 

of HSPB1. If the expression of HSPB1 continued to be high even with the disappearance 

of mRNA, however, it would suggest that protein stability is enhanced. 
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4) In the sam~ cells as step 2, I would determine whether the expression of the HPV 

oncoproteins results in an increased expression or activation of p38, and whether a p38 

inhibitor would cause a decrease in HSPB1 expression. 

7.2.2.3/ncreased expression of HSPB1 provides a survival advantage. This 

hypothesis begins with the assumption that the observed difference at the micro

phenotypic level (bi-modal distribution of HSPB1 staining) is correlated with a change at 

the macro-ph~notypic level. This would be important in the establishment of the 

hypothesis. If the patients that had high HSPB1 expression survived longer than patients 

that had no expression, or responded to treatment better, or were more likely to have a 

distant metastasis, it would indicate that HSPB 1 was a marker of a cellular process that 

resulted in those phenotypes. The first experiment for the generation of this hypothesis 

would be to repeat the TMA experiment on a population for which we have clinical data. 

The data could then be mined for differences that potentially explain the bimodal 

distribution. The rest of this example will be based on hypothetical results where HSPB1 

expression is increased in patients who are unresponsive to chemotherapy. I could then 

hypothesize that HSPB1 expression makes patients unresponsive to chemotherapy. 

To test this hypothesis on the molecular level, I would identify cells that had 

normally high and low levels of HSPB1 expression. I would knock down HSPB1 

expression in.the cells where it is expressed at a high level and also transfect HSPB1 

into cells that express it at a low level. I would also prepare constructs where the 

phosphorylation sites were mutated. I would then expose the cells to various 

chemotherapeutic reagents at varying doses. If HSPB1 confers protection on cells, I 

would expect that the cells that express it at a high level (naturally and exogenously) to 
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have a lower peath rate than the cells where it was expressed at a low level (naturally, or 

knocked dow~, or with the mutated HSPB1). 

i 
If increased HSPB 1 expression conferred chemotherapy resistance on the cell ! . 

lines, the find(ng could be moved to an in vivo model. For this type of model, I would 

transplant the. four types of cells into mice, establish tumors, and then treat with 
' 
I 

chemotherapeutic agents. If my hypothesis is correct, I would expect that the cells with 
' ' 

high levels of HSPB1 (natural and exogenous) would produce tumors that were more 
I 

resistant to chemotherapy. 

7.3.0 Conclusion 
I 

I have. sought to address the clinical questions posed above through both in vivo 

' 
and in vitro methods, using proteomic technology. Proteomic experiments are often 

I 

referred to a~ fishing expeditions. It is an apt analogy in the sense the outcome cannot 

be predicted ahead of time. The analogy can be extended further to include the idea that 
I 

fishing in the right place and with the right bait lead to a quality result. The value of a fish 
' ' ' 

caught off the Alaskan coast compared to a small creek is substantial. In designing a 

proteomic study design, asking the right clinical question, and using the correct sample 

I 
source and analytical method can increase the relative value of identified biomarkers. 

! . 

' 
Asking the right clinical question is essential for providing results that will be of 

' 
clinical utility.' The majority of papers that were identified in the literature review (Chapter 

' 

5) had a can\:er vs. normal study design. These studies are informative, but because 
I 

they compar~ advanced cancers to normal the biomarkers may not be applicable for 
I 

early detection. Future pr~teomic studies of HNSCC need to compare patients that have 

different surVival outcomes, responses to treatment, or HPV +/- cancer. 
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The u~e of tissue, however, limits the utility of the results of the proteomic 
I 

experiments. ~his is because it is not practical to take biopsies from the general 

population as) a screen for early detection. The utility of tissue will be in predicting 

markers of re¢urrence or response to treatment. The best hope for early detection will be 
' 

further studies to identify biomarkers in the most easily accessible biofluid: saliva. To 
I 

date only five~ studies have used proteomics to evaluate saliva for biomarkers. These 
I 

I 
studies have successfully identified thousands of proteins, but are hampered by the high 

' I 
abundance of salivary proteins and ubiquitous bacterial proteins 243

. 

I 

The right methodolqgy is also critical for evaluation of the clinical samples. There 
' ! 

was a flurry qf SELDI-TOF studies between 2004 and 2006, as many scientists applied 
' 

what looked like a very promising technique. The studies all report a very high sensitivity I. 
and specificity in their assignment of samples to different disease classifications. The 

I 
reproducibility of these experiments, however, has been very low, and has not been 

I 

generalizable to larger patient populations 322
• Of the other techniques that have been 

I 
' 

used, two-dimensional electrophoresis has been popular. The reproducibility and 
' 

sensitivity of the method have increased in recent years. The drawback to this 

technique, hbwever, is the relatively small number of samples that can be compared at 

I 
one time. Automated bottom-up procedures, such as iTRAQ,provide depth, but like 20-

1 

DIGE are limited in throughput. The iTRAQ procedure is also attractive because it.is able 
! . 

to simultaneously identify proteins and provide information about their relative 
I 
I 

abundance. I 

I 
7.4.0 Sum~ary 

The proteomic field is littered with papers that describe thousands of differentially 
. 
I 

expressed proteins. The clinical uses for any of these proteins have been slow to 
I 
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materialize. Findings are generally assessed in a larger patient cohort, but examples of 

' biomarkers identified by proteomics and applied to general patient populations are not 

evident. Pro\eomic experiments are generally correlative in nature. This means that the 

experiments are not hypothesis-driven, but are instead hypothesis-generating. 

If the _results are intended to be hypothesis-generating, it is troubling that there is 

an observed .lack of consistency between studies. On the other hand the disparities 

could potentii'!IIY indicate that different classes of disease, which may become apparent 

only upon long-term follow-up, are being sampled. Lack of concurrence between the . . 

included studies may also reflect the heterogeneity of the disease, differences in sample 

collection, or, differences in analytical methods. Although we have successfully 

' 
generated a list of proteins that by nature of abundance undoubtedly play a major role in 

' 
the evolution and progression of HNSCC, we have also shown that in almost every 

' 

instance, pu~lished data can be found demonstrating conflicting results regarding 

change in expression. In any case, the results indicate that clinical proteomics will need 

to overcome 'severe limitations before results can be applied clinically. 

Currently, there is. no uniform way to describe proteomic experiments nor is there 

a quality me\ric to determine the quality of an experiment. These problems make it 

difficult to automatically mine the data from proteomic experiments. The establishment 

of a standard of reporting proteomic experiments, similar to the minimum information 
' 

about a microarray experiment (MIAME) standard, would allow a more facile comparison . 
of proteomic studies. 

In order to be of clinical use, the elucidation of the proteomic profile of HNSCC 

and other cancers must be followed closely by clinical validation of candidate 

biomarkers. !o date, proteomic science in HNSCC has been mainly comprised of . 
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studies that ~ave chronicled differences between normal and cancer tissues (Fig. 1-28). 
I 
I 

Given the histological and phenotypic variation of tumors as compared to normal tissue, 

a distinct difference at the proteomic level would be <;lnticipated. The results from 
I 

comparisons: of normal tissue to cancer tissue also need to be assessed in the context of 

other clinical :questions. 

The array of proteins identified and the lack of consistency between studies 

confirms not .only that tumors are heterogeneous entities, but that HNSCC is a diverse 
I 

and complex' disease, although it is often viewed and treated as a single disease entity. 

' In fact it is a heterogeneous disease whose detection, response to treatment, and 

prognosis depends on a host of factors including subsite, patient age, genetic makeup, 
' 

environment~! exposure, and stage. Better understanding of these differences will 

require asking the right question, using the right sample source, and evaluating 
I 

molecularly ~ith the right analytical method. 
I 



Difference in macro-phenotype 

' 1 

Difference in micro-phenotype 

Q1: Is the difference robust 
in a larger patient cohort? 

Q2: Why .is there a 
difference? 

Figure 7-1: Conceptual approach to clinical proteomics. 
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8. SUMMARY 

1. Cells transformed by different HPV oncoproteins may initially follow different paths to 

immortalization, but in the end have remarkably similar molecular phenotypes when 

compared to normal keratinocytes and to each other. 

2. In the HPY oncoprotein experiment, many of the proteins that fell outside of the main 

sequence of differentially expressed proteins had clear relationships with HPV 

oncoprotein expression. 

3. Differences in cancers .arising from spatially separated anatomic subsites cannot be 

detected by proteomics. 

4. Differences in cancer and patient-matched normal adjacent tissue can be detected by 

proteomics. 

5. Expression of HSPB1 is intriguing in the context of squamous cell carcinomas, and 

warrants further follow up. 

a. E~pression of the phosphorylated form opf HSPB1 exhibited possible synergy 

between E6 and E7. 

b. Expression of HSPB1, while consistently down-regulated in our cervical cancer 

protyomic experiment, showed a bimodal distribution in a larger patient cohort. 

c. Differential expression of HSPB1 was independently identified in 9 proteomic 

experiments, the most of any in the literature review. 
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