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Treatment of tumors of the cervix is based on clinical staging of disease.  The 
International Federation of Gynaecology and Obstetrics system (FIGO staging) has 
established a system whereby cervical cancers are staged on the basis of anatomical 
extent of the tumor.   Microinvasive tumors most often require non-radical surgical 
resection and pose little risk of recurrence and metastasis. On the other extreme, cancers 
that are inoperable, due to spread beyond the cervix (Stage IIB to IVB) require 
concomitant chemotherapy and radiation therapy.  Currently, of all women undergoing 
radical hysterectomies and pelvic lymphadenectomy for FIGO stage IB1 carcinomas,  
forty to fifty percent are deemed at risk for recurrence and require radiation therapy and 
chemotherapy 1.  Much research has focused on linking histologic phenotype to outcome.  
However, tumor heterogeneity has made predictions of recurrence risk difficult.  Ten 
percent of patients deemed having a low risk of recurrence by histological criteria will 
present with recurrent tumors within 5 years.  The problem is that women may not 
receive optimal radiation therapy.   If under treated, the cancer comes back.  If over-
treated there is a risk of toxicity associated with the adjuvant therapy.   

The overall purpose of this research was to clarify the molecular mechanisms of 
progressive IB1 cervical disease in order to stratify risk to better match multi-modality 
therapy to minimize morbidity, mortality, and costs.  The goal is to improve 
characterization of the tumor to individualize therapy.   

Molecular profiling was used to identify a group of 98 genes that differentiate 
early cancers with a low risk of recurrence from those with a high risk of recurrence.  
Tumor heterogeneity is an important consideration when using molecular profiling to 
characterize outcome. There are location-specific genes that can be used for elucidating 
the mechanism of disease and individualizing patient care.    

GeneChip technology is a powerful tool for teasing out the orchestration of 
molecular processes leading to progressive disease.  As the molecular signature 
technology develops, we can move beyond improved diagnosis to improved therapy. This 
preliminary analysis may help to identify improved markers for predicting outcome so we 
can offer patients more precisely tailored treatment regimens. 
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CHAPTER 1:  NATURAL HISTORY OF CERVICAL 
CANCER 

  

CERVICAL CANCER 
 Cancer of the uterine cervix is the second most prevalent cancer of women in the 

world.  Firm epidemiological data demonstrate that Human Papillomavirus (HPV) is the 

cause of cervical cancer 2-5.   The virus is commonly transmitted sexually.  While certain 

types of HPV are associated with benign genital warts, males are usually asymptomatic 

carriers of the HPV types associated with cervical cancer.  Infection with HPV typically 

occurs in the teenage years, but the manifestation of disease is often not until many years 

later and most women who are infected never develop disease.  The mean age of cervical 

dysplasia (the precancerous form of disease) development is in the reproductive years 

around the age of thirty four 6.  The gradual development of disease beginning with pre-

cancerous changes, allow physicians the opportunity to catch and treat the disease before 

it ever becomes cancer.  Annual routine screening, using the papanicolaou (pap) smear, 

tests for abnormal cells exfoliated from the cervix.   While precancerous lesions are 

asymptomatic, symptoms of cervical cancer include abnormal vaginal bleeding, 

abnormally long or heavy menstrual periods, and bleeding during sexual intercourse.  

Treatment of cervical neoplasia (pre-invasive and invasive disease) is dependent on 

extent of disease and potential for spread, and ranges from regular follow-up exams to 

physical ablation of the cervical epithelium to hysterectomy, chemotherapy, and radiation 

therapy.   

EPIDEMIOLOGY 

 Cancer of the uterine cervix is second only to breast cancer with an annual 

incidence of 493,000 cases and 274,000 deaths worldwide 7.  In developing countries of 

south central Africa, southwest Asia, and Latin America, cervical cancer remains the 

leading cause of death in women and accounts for 83% of all cervical cancer deaths 



 

globally.   In developed countries such as the United States, the incidence and mortality 

rates are significantly less because of early detection programs.  In 2007, the National 

Cancer Institute (NCI) estimated 11,150 new cases and 3, 670 deaths from cervical 

cancer in the United States 8.  

 

 

Fig 1.1  Global incidence of cervical cancer.  Rates are age-standardized per 100,000 
people. The rates range from <9.3 women per 100,000 (in dark green) to the 
highest incidence of <93.9 women per 100,000 (in red) A.  

EARLY DETECTION   
 Cervical cancer is one of a very few cancers that is nearly 100% preventable.  

Early detection methods, such as pap smear screening and visual cervical inspection have 

decreased the incidence of cervical cancer significantly 9-12.  Pap smear screening allows 

the detection of dysplastic cells before the cells invade and progress to cancer.   Most 
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A Source: GLOBOCAN, International Agency for Research on Cancer. http://www-dep.iarc.fr/ 



 

cases of cervical cancer occur in women who have never had or have not had a pap smear 

within the past five years 13,14.  Women who have access to health care and get annual 

pap smear screenings are more likely to receive adequate preventative care 15.   The 

implementation of annual pap Smear screening programs in developed countries has had 

the greatest impact on diminishing cancer incidence 16-18.  Before preventative screening 

in the United States, approximately 75-80% of cervical neoplasia was invasive 19.  

Currently, with appropriate screening and care, this trend has reversed.  In the United 

States, there has been a steady decrease in the incidence of cervical cancer.    

 

Fig 1.2   2004 National Cancer Institute data on Incidence and Mortality in the 
United States shows a steady decrease in incidence of cervical cancer and deaths 
associate with cervical cancerB.     

 While the incidence and mortality has declined steadily in the United States due 

to early detection, in developing countries of Latin America screening programs have 

failed.  Access to healthcare and poverty are a problem.  In Mexico, rates of cervical 
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B Graphic representation www.merckmedicus.com/.../clinicalmanifest.jsp. Source: Ries LAG, Eisner MP, Kosary CL, 
Hankey BF, Miller BA, Clegg L, Mariotto A, Fay MP, Feuer EJ, Edwards BK (eds). SEER Cancer Statistics Review, 
1975-2000, National Cancer Institute. Bethesda, MD, http://seer.cancer.gov/csr/1975_2000/, 2003. Accessed Feb 2007. 

http://www.merckmedicus.com/pp/us/hcp/diseasemodules/hpvd/clinicalmanifest.jsp


 

cancer correlate with poverty levels 20.  The Pan Health Organization (PAHO) published 

a report implicating that the failure was often not due to lack of screening, but as a result 

of treatment failure and lack of an adequate health care infrastructure21. Thus, not only is 

early detection imperative, but also adequate follow-up and treatment is required to 

reduce cervical cancer related deaths.   

HUMAN PAPILLOMAVIRUS (HPV)  
  HPV is a non-enveloped, double stranded DNA virus belonging to the 

Papillomaviridae family.  It has a circular genome and replicates in the host nucleus.  

HPV is associated with many benign and malignant diseases including genital warts 

(condyloma acuminate), head and neck cancers, oral cancers, and anogenital carcinomas 

including cervical cancer.  There are over 100 different types of HPV’s, but around 40 

are found in the genital tract and are associated with cervical disease.  

 

Fig 1.3 HPV virus particlesC.   

 Because the antigenic portion of the capsid antigens are similar to all HPV types, and 

may be present in low levels, immunochemical methods lack the sensitivity and type-

specificity for HPV identification.  HPV detection and typing requires DNA-based 

methods dependant on DNA sequence analysis.  It is one of a few carcinogenic sexually 

transmitted viruses.  Many animals have papillomaviruses, but papillomaviruses are 

species-specific.  HPV infects basal cell keratinocytes at the squamo-columnar junction 

(SCJ).    The virus initially replicates as a plasmid, but virus genotypes with a high 
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C Image provided by Linda M. Stannard, University of Cape Town 
http://web.uct.ac.za/depts/mmi/stannard/emimages.html.  Copyright is retained by Linda M. Stannard. 

http://web.uct.ac.za/depts/mmi/stannard/emimages.html


 

potential for malignant transformation (high-risk HPV) may integrate into the genome22.  

The completion of the virus life cycle coincides with the terminal differentiation of the 

keratinocytes.  Certain low-risk, HPV genotypes (e.g., HPV 6 and 11) do not integrate 

into the genome, replicate as a plasmid, and are associated with benign disease (i.e., 

genital warts).  

 

Fig 1.4 HPV virus life cycleD  

 Differentiation of the infected epithelial cells plays an integral role in the HPV 

life cycle.  The cervical epithelium is made up of several distinct layers of cells.  Basal 

epithelial cells line the basement membrane.  As these cells mature and differentiate, they 

slough off from the cervix.  While the virus infects the basal layer of cells, the virus 

cannot complete its life cycle within these cells.  Not until the epithelial cells mature, do 

all of the viral gene products get transcribed.   

Viral Gene Products 

 Viral early genes products (E1- E7) are transcribed in the lower basal cell layer.  

E2 is a viral transcriptional regulator/repressor.  The virus initially replicates as a 
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D Graphic representation www.merckmedicus.com/.../natural-history.jsp Source: Fehrmann F, Laimins 
LA. Human papillomaviruses: targeting differentiating epithelial cells for malignant transformation. 
Oncogene 2003;22:5201-5207.  Copyright reserved by Merck medicus.  Accessed Feb 2007.  

http://www.merckmedicus.com/pp/us/hcp/diseasemodules/hpvd/natural-history.jsp


 

plasmid.  In HPV’s episomal state, the E2 protein binds to the E6 and E7 promoter 

blocking the transcription of the viral oncogenes.   

 

Fig 1.5   Episomal HPV genome.  E2 binds to DNA and blocks transcription of E6 
and E7. 

 

As keratinocytes mature, high risk HPV genotypes (e.g., HPV 16 and 18) may integrate 

into the host DNA.  Although there are hot-spots of integration into the host genome, 

integration is a random event.  With respect to the virus integration occurs within the 

E1/E2 region.  Once the viral genome integrates into the host DNA, E2 is commonly 

disrupted so the transcription and translation of functional E2 protein is diminished 

allowing the de-regulation and overexpression of E6 and E7.    
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Fig 1.6  Integrated HPV.  High-risk HPV types integrate into genome.  E2 is 
disrupted and E6 and E7 oncogenes are over-expressed.   

 
E6 binds to and inactivates tumor suppressor, p53.  Normally, p53 activates cip1 (p21) 

leading to the cell cycle arrest via inactivation of cyclin dependent kinase 2 (cdk2).   E6 

binds the cellular protein, E6 associated protein (E6AP), and activates the Ubiquitination 

of p53.  Ubiquitination of p53 leads to its degradation and progression of the cell cycle.   
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Fig 1.7 E6 blocks cell cycle arrest by targeting p53 for ubiquitin degradation. 

 

 The E7 viral oncoprotein binds and inactivates phosphorylated retinoblastoma 

(pRb).  E2F forms an inactive complex when bound to pRB.  E2F/pRb dissociates cyclin 

D from cyclin-dependent kinase 4 (cdk4) thereby causing the cell cycle to arrest in G1.  

E7 displaces E2F from pRb and allowing progression through the cell cycle.   
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 Fig 1.9  E7 blocks cell cycle arrest by binding to pRb and displacing E2F. 

 

Integration of HPV DNA into the hosts genome, with viral persistence and over-

expression of the viral E6 and E7 oncoproteins contributes to cervical carcinogenesis 
23,24.   

  The virus produces its capsid proteins (L1 and L2) to encapsulate the viral 

genome and become an infectious particle.   It is important to note that because HPV 

requires the differentiation of epithelial cells to complete its life cycle and is species-

specific, there is no perfect model for the in vivo or in vitro study of HPV.  A lot has been 

learned from the canine oral papillomavirus system (used in vaccine development), 

bovine papillomavirus system and cottontail rabbit species.  In addition, raft cultures that 

allow epithelial differentiation have been used to study the viral life cycle and neoplastic 

induction.  Our translational project will use human cervical tissue.   
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DYSPLASIA 
 Cervical cancer is one of the few cancers that have an accessible, defined and 

distinct precancerous form of disease (dysplasia).  HPV induces changes in cell cycle and 

atypical, hyper-proliferative cells can acquire subsequent mutations.  The development of 

progressive disease is a multi-hit process with the progression from dysplasia to cancer 

often taking many years to develop.  The manifestation of disease has been categorized 

into distinct levels of disease based on histologic findings.  Mild dysplasia, also known as 

cervical intraepithelial neoplasia 1 (CIN 1) is characterized by abnormal cells limited to 

the lower level of the epithelial layer.  A common feature of CIN 1 is the presence of 

atypical, large nucleated cells termed koilocytes.  Moderate dysplasia (CIN 2) to severe 

dysplasia (CIN 3) is characterized by atypical cells extending up to the upper-most 

superficial layers of the epithelium.  These changes reflect an increasing failure of the 

normal maturation process such that cell division is retained in cells that have entered the 

compartment where terminal differentiation should have occurred.  Invasive SCCA 

occurs once the basement membrane is compromised and cells spread into the underlying 

stroma.  



 

 

Fig 1.9  The evolution of cervical dysplasiaE.     

 Interestingly, cervical cytology smears are excellent screening tools for the 

detection of CIN1, but have 50% false negative rates in detecting CIN2-3 and  invasive 

disease 25.  Perhaps one explanation is because pap smears rely on the exfoliation of 

epithelial cells.  CIN2-3 alter the topography of the surface of the cervix and alter the 

ability of cells to exfoliate.  Keratinization and an increase in cadherins and integrins in 

dysplastic cells serve as barriers to exfoliation and have the potential to decrease the 

effectiveness of the pap smear 26,27.   Additionally, small focal lesions and lesions present 

in the endocervical canal are less likely to be sufficiently sampled by a pap smear.  

Worldwide, annually there are an estimated ten million cases of CIN2-3 28.  The World 

Health Organization estimates approximately 630 million people are infected by HPV at 

any given time although seventy percent of genital HPV infections are subclinical 29.  
                                                 

 11

ESource:  Modified from 
http://www.sh.lsuhsc.edu/fammed/OutpatientManual/PapSmear.htm.  Accessed Feb 
2007. 

http://www.sh.lsuhsc.edu/fammed/OutpatientManual/PapSmear.htm
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Most cervical dysplasias are contained by the hosts’ immune system and regress 

spontaneously (especially the lower grade lesions).  In an evaluation of all natural history 

studies since 1950, 60% of CIN I, 40% of CIN II, and 33% of CIN III regress completely.  

Only 1% of CIN I, and 5% CIN II, and greater than 12% CIN III progress to cancer 30.     

While the exact mechanism of progression remains unclear, infection with oncogenic 

HPV is only the first step in a series of events that leads to invasive carcinoma.  Cofactors 

play a significant role in cancer development. 

COFACTORS 
 Although oncogenic potential is related to the ability of the virus to persist, it is 

important to note that HPV infection alone is insufficient for the development of cancer.   

In fact, one study found over sixty five percent of healthy volunteers have evidence of 

past or present infection with HPV 31.  Thus, infection with HPV alone does not cause 

disease.  Various cofactors and molecular events influence the transformation of cervical 

epithelial cells.  Important factors such as race, age of first coitus, number of sexual 

partners, smoking, and socio-economic status have been implicated in the development 

and progression of disease 32.   Other factors including multi-parity, and diet.   

Vitamin A and C, and folate deficiencies have been linked with an increased risk of 

cervical cancer 33,34.    

Sexual Behavior 

 Oncogenic HPV’s are mostly asymptomatic in male carriers.  Certain sexual 

behaviors and practices put women at risk for HPV and cervical cancer.  The age at 

which a female has their first sexual experience is one important cofactor.  During 

puberty, the cells of the cervix are undergoing metaplasia and are hyper-proliferative.  

During metaplasia, the squamous cells are more exposed and at risk for infection with 

HPV.   If the cells are infected with an oncogenic HPV during this time of hyper-

proliferation, the virus infection is more extensive.  Additionally, the more sex partners a 

women has, the higher likelihood that she will encounter HPV. Another important risk 
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factor is the sexual behavior of the partner.  A study in Spain linked an increased risk of 

developing cervical cancer to the sexual behavior of the spouse35.  A history of other 

sexually transmitted infections (STI’s) in both the female and her partner is another risk 

factor that may be explained by behaviors that increase the risk for exposure to HPV or to 

a direct interaction between HPV and other STI’s such as Chlamydia trachomatis, Herpes 

Simplex Virus (HSV), or Neisseria gonorrhoeae 36-38.  Because uncircumcised men are 

more likely to carry HPV, having sex with an uncircumcised male increases a woman’s 

risk of getting HPV 39.  

Carcinogens 
 Although the exact mechanism is unknown, women who smoke are twice as 

likely to get cervical cancer 40,41.  Much research has focused on the tobacco smoke 

toxins in the carcinogenic transformation of viral oncoproteins.  Chemical by-products of 

tobacco smoke that induce nucleic acid damage are found in the cervix 42-44.  

Additionally, environmental exposure from diethylstilbestrol (DES) have been associated 

with cervical cancer risk 45. 

Immunodeficiency 
 The immune system plays a significant role in the clearance of the virus and 

disease regression 46.  Women who are on immunosuppressive drugs to prevent transplant 

organ rejection (e.g., renal transplant patients), have an increased likelihood of 

developing cervical cancer 47,48.  Also, infection with the Human Immunodeficiency virus 

(HIV) compromises the immune system by attacking cells of the immune system (T cells 

and macrophages) required for recognizing and eliminating viruses.  Women co-infected 

with HIV and HPV have a higher rate of cervical neoplasia compared to women infected 

with HPV alone 49.    

Socio-economic status 

 Social-economic status plays a significant role in cervical cancer.  Socio-

economic status influences the prevention, early detection, diagnosis, disease treatment, 



 

and quality of life of cancer patients 50,51.  Indicators of social-economic status correlate 

with education level, race, and cultural factors 50. These factors are intimately associated 

and difficult to discern.  Cervical cancer incidence and mortality increase proportionately 

with poverty 52.  Impoverished populations of women do not readily have access to health 

care and are less likely to go to their doctor for a pap smear.  Additionally, once cervical 

dysplasia is detected (as an abnormal pap smear), these women are less likely to come 

back for follow-up care until symptomatic 53.  Even within developed countries, like the 

United States, where access to healthcare is adequate, certain ethnic populations have 

higher incidence of cervical cancer.   

 

 

Fig 1.10  U.S. Cervical Cancer Incidence and Mortality Among Racial/ Ethnic 
Populations (per 100,000 population) 1997-2001F
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F Source: Graphic representation www.merckmedicus.com/.../clinicalmanifest.jsp. Source: Cancer Facts & 
Figures 2005.  http://www.cancer.org/downloads/STT/CAFF2005f4PWSecured. pdf Accessed Feb 2007. 

http://www.merckmedicus.com/pp/us/hcp/diseasemodules/hpvd/clinicalmanifest.jsp
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There is increasing literature that there are genetic racial differences in the disparities of 

cancer 54.  Hispanics and African Americans account for a disproportionately high 

number of cervical cancer patients and are nearly twice as likely to die of cervical cancer 

compared to Caucasians 55.   Hispanics make up the highest minority population in the 

United States and are among the least likely to have access to medical care 56.  

Additionally, impoverished women diagnosed with late-stage cervical cancer are 30% 

less likely to survive five years after diagnosis 57.   

Genetic Predisposition 
 Although race and socio-economic status are closely associated, certain races 

have higher incidences of cancer.  While much of the incidence correlates with lack of 

access to health care, certain human leukocyte antigens (HLA’s) have been found to play 

a role in cervical cancer risk.  HLA’s present viral antigens to the immune system 

allowing the immune system the ability to attack and clear HPV.  Certain HLA’s, such as 

HLA DRB1*0401 and DQB1*0301, are more predominant in specific races and are 

linked to an increase in cervical cancer incidence 58.     
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CHAPTER 2:  PREDICTING OUTCOME IN EARLY 
SQUAMOUS CELL CARCINOMAS OF THE UTERINE 

CERVIX 

 

INTRODUCTION 
 Cervical cancer is an uncommon, but often tragic consequence of infection by the 

HPV 59.  It is the second most prevalent cancer in women globally, with over 493,000 

new cases occurring annually 60.  Radical hysterectomy and pelvic lymphadenectomy 

may be curative in patients with disease limited to the cervix and upper vagina (Stage I-

IIA).  Based on the extent of histological spread, patients are grouped into low, 

intermediate, or high risk for recurrence.  Patients stratified into intermediate or high risk 

categories are advised to undergo post operative whole pelvis radiation therapy and 

concomitant chemotherapy .  At the University of Texas Medical Branch61  (UTMB), 

approximately 50% of patients with early stage (IB1) cervical carcinomas are offered 

post operative chemotherapy and radiation therapy.  Post surgical radiation therapy is 

associated with an increased risk of morbidity compared with primary radiation therapy 
62. Unfortunately, a detailed histological assessment of risk factors for recurrence occurs 

only with surgical resection of the uterus. Radical surgery followed by concomitant 

chemotherapy and radiation therapy lacks selectivity, increases morbidity, and is 

expensive.  Patients who have received all three treatment modalities are at increased risk 

for recto-vaginal and vesico-vaginal fistulas requiring permanent colostomy or urinary 

diversion.  On the other hand, patients with a low risk of recurrence are not offered 

adjuvant treatments, although 10-15% of these patients ultimately die of recurrent 

cervical cancer and could have benefited from a more aggressive treatment plan. These 

data clearly show that standard treatment selection criteria lacks specificity; therefore, 

there is a need for more sensitive prognostic criteria to guide our management decisions.  
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Gynecologic oncologists need reliable criteria for the selection of radical surgery, 

chemotherapy or radiation therapy, based on preoperative tumor characteristics.  

 Molecular markers have proven beneficial in the diagnosis of haematologic 

cancers and if applied to cervical cancer, have the potential to allow for more accurate 

staging and more selective management. Currently, there are no molecular markers for 

cervical cancer in clinical use.   

BACKGROUND AND RATIONALE 

Characterizing Risk 
 Routine pap smear screenings are designed to detect abnormal cells of the cervix.  

A biopsy of a colposcopic or gross cervical lesion is taken to confirm the diagnosis.  

Once invasive disease is detected, the extent of tumor invasion must be assessed.  The 

International Federation of Gynecology and Obstetrics (FIGO) created a standard for 

staging tumors.  Staging occurs during a clinical evaluation and is based on the physical 

characteristics of the tumor.   Early stage disease (Stage I) includes tumors that are 

confined to the uterus.  Stage II characterizes tumors that have physically spread beyond 

the uterus, but not to pelvic wall or lower vagina.  Stage III cancers extend to pelvic wall, 

vagina, and are associated with hydronephrosis that can lead to obstructive uropathy.  

Stage IV is the most severe and includes tumors that have invaded into the bladder or 

rectum and beyond the pelvis.  Lymph node metastasis is the only significant independent 

factor that determines survival across  all stages of disease 63.  One limitation of FIGO 

staging is that physical characteristic of tumor size and invasion cannot detect lymph 

node metastasis.  Pre-treatment imaging studies, including computed tomography (CT) 

scan, magnetic resonance imaging (MRI), and positron emission tomography (PET) 

scans, are not strong predictors of lymph node involvement 64,65.   Surgical staging is 

required in order to determine spread of cancerous cells beyond the cervix.   

  Surgical staging is performed on tissue samples taken during surgical 

intervention (i.e., hysterectomy).   Histopathologic analysis of the tissue samples evaluate 

factors that are indicative of an aggressive tumor that are high risk for recurrence, thus 
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treated more aggressively, often with post operative chemotherapy and radiation therapy.  

These risk factors include the tumor depth of stromal invasion, lymphovascular space 

invasion (LVSI), marginal involvement and lymph node metastasis 66.   

Current Management of Stage 1 Cervical Cancers 
 Standard therapy for Stage 1 cervical carcinoma includes surgical intervention 

with a radical hysterectomy and pelvic lymphadenectomy. The Southwest Oncology 

Group recently conducted a study that randomized patients with pathologic poor 

prognostic factors including positive margins of resection, or lymph node metastases to 

post operative cisplatinum and 5-fluorouracil with concomitant pelvic radiation therapy 

versus radiation therapy alone. Patients in the chemotherapy with radiation arm had an 

improved recurrence-free survival, compared to the group receiving radiation alone 67.  

However, in cases of failures, metastasis occurred both regionally and distantly, 

indicating that we can still do better by identifying a group of patients who are at risk of 

distant failure and could benefit from systemic therapy. The Gynecology Oncology 

Group (GOG) investigated the role of adjuvant radiation therapy for Stage 1 patients with 

intermediate risk factors 68. After radical hysterectomy and pelvic lymphadenectomy, 

patients with bulky cervical lesions, deep stromal invasion, and LVSI with negative 

lymph nodes and negative margins were randomized to postoperative radiation therapy 

versus no further therapy.  



 

 

Fig 2.1 H & E slide showing lymphovascular space invasion (LVSI) (arrow)G. 

 

An improved recurrence-free interval was found in the patients randomized to receive 

post-operative radiation therapy 69.  Since chemo-radiation has been found to be superior 

to radiation alone in every tested clinical scenario of cervical carcinoma, many 

institutions, including ours, treat patients who have intermediate and high risk factors 

with chemotherapy and radiation therapy, which carries a three fold higher risk of severe 

toxicity (grade 3-4).  Despite this aggressive therapy, 15 % of these women have been 

found to develop a recurrence and ultimately die of their disease. These results show that 

the clinicopathological risk factors currently in use are of limited value in predicting 

prognosis and guiding therapy. 
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G Source: Photo courtesy of Dr. Concepcion Diaz-Arrastia, M.D.   
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The Effects of Radiation 
 While a majority of patients with 1B1 SCCA are at risk for metastatic disease, 

and radiation does play a positive role in preventing recurrence, it is not the standard 

treatment for all patients.    Radiation therapy consists of four to five weeks of an external 

beam radiation treatment with an internal beam (brachytherapy).  In brachytherapy, 

radioactive material is inserted directly into the vagina and uterus in order for the 

radiation source to be adjacent to the tumor.    External beam radiation consists of a broad 

band beam aimed at the pelvis (50-55 Gray, Gy) 70.   Radiation therapy is a regional 

treatment, not specific to the cervix.  All organs in the radiation field, including the 

bladder and the rectum are consequently affected. 

 Complications range from vaginal dryness, urinary incontinence, vaginal stenosis, 

premature menopause, to more serious complications of decreased bone density resulting 

in pelvic fractures, bowel obstructions, abdominal adhesions, fistulas, and even death.  

Often women undergo multiple follow-up surgeries to repair damage caused by radiation.  

Serious complications occur in about 30% of patients treated with radiation 71.    The 

physical bulk of the uterus shields or protects adjacent structures from the non-specific 

effects of radiation.  Unfortunately, histologic characterization occurs only after the 

uterus is removed, thus increasing radiation sequelae.  With an improved technique such 

as molecular profiling for determining outcome, specifically targeting patients with a 

high risk of recurrence prior to surgery could lead to decreased morbidity associated with 

radiation and ultimately decreased cost of treatment.     
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OBJECTIVE 
 The objective of this study was to increase our understanding of the processes that 

lead to an aggressive tumor phenotype with the ultimate goal of stratifying risk so that 

patients requiring radiation would not have surgery, thereby reducing complications of 

radiation.  The long-term goal is to use this molecular profile to develop and test tailored 

therapy of patients with cervical carcinoma. 

HYPOTHESIS 
 My general hypothesis is that a molecular diagnosis of early cervical carcinoma is 

more accurate than the histologic staging in predicting the biological behavior of the 

tumor. I will establish a genomic signature of early squamous cell carcinoma of the 

cervix at advancing degrees of invasiveness.  

SPECIFIC AIM 
 To determine a molecular signature that predicts clinical outcome of early stage 

IB1 squamous cell carcinomas.       
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METHODS 

Affymetrix Microarray GeneChip Arrays 

Specimen collection 
Women who underwent a radical hysterectomy and pelvic lymphadenectomy for 

stage IB1 squamous cell carcinoma (SCCA) of the cervix were biopsied and grouped 

according to histopathologic criteria into superficially or deeply invading 

tumors(IRB#02-272).    Biopsies had to have good quality 18s and 28s ribosomal RNA, 

and sufficient (24 ug) RNA had to be present in the biopsies for the Affymetrix 

GeneChips.    Tumor biopsies were transported from the operating room to the laboratory 

in 10 volumes of RNA Later (Cat# 7020, Ambion, Austin, Texas).  Following the 

manufacturers instructions, biopsies were stored at 4oC overnight, decanted and stored at 

-80oC.  We extracted RNA from 12 tumor biopsies.  Additionally, women undergoing a 

hysterectomy for benign reasons were also asked to participate.  Normal biopsies were 

taken from 11 cervices.  Four tumor biopsies were degraded and 7 of the normal biopsies 

had insufficient RNA.  We selected two tumors with a low risk of recurrence and two 

with a high risk of recurrence based on certain histopathic criteria (see Table 2.1).  The 

high and low risk patients were selected because they were very similar.  For the 

superficial group, we wanted to identify tumors that had less than a 20% depth of 

invasion.  Our two superficial tumors in actuality had less than 10% depth of invasion.  

Likewise, the deeply invading tumors were similar in their histopathic criteria.  We 

wanted to identify patients with greater than 90% depth of invasion.  Our actual patients 

had 85% and 90% depth of invasion with no lymph node metastasis.    Two normal 

tissues were also included in the analysis.  Superficial and deep tumors are surrogates for 

patients having a good or poor prognosis, respectively.   

 

 

 



 

Histopathic Criteria  

Recurrence 

Risk 

Depth of 

Invasion 

Lymphovascular 

Space Invasion 

Lymph 

Node 

Metastasis 

Classification Prognosis 

Low Risk <20% No No 
Superficially 

Invasive 
Good 

High Risk >80% Yes No 
Deeply 

Invasive 
Poor 

Table.2.1   Histopathic criteria for risk stratification. 
  

 The superficial group had less than 20% depth of invasion, no lymphovascular 

space invasion (LVSI) and no lymph node metastasis. The deeply invasive group had at 

least 80% depth of stromal invasion, extensive lymphovascular space invasion (LVSI), 

and no pelvic lymph node metastasis.  Biopsies were taken from the external cervix prior 

to hysterectomy.  Additionally, biopsies were taken from the normal cervix (no cancer) 

and served as a control to eliminate non-tumor specific genes. 

 

Fig 2.2  Tumor biopsy.  
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Human tissue is inherently heterogeneous, but we chose tumors such as this 

representative section, with pushing margins instead of fingerlike projections, to 

maximize the homogeneity of the tissue sampling.  Less than 3% of the cells in this 

section were stromal cells. 

 

Fig 2.3 Normal biopsy.  

We obtained normal cervical epithelium from patients without cancer who underwent 

hysterectomies. This is a representative section of our normal epithelium; there is 

primarily epithelium, with minimal underlying stroma.  These four specimens were 

carefully selected to represent the ideal representation of tumors with a high and low risk 

of recurrence.   

RNA Extraction 
 RNA was extracted using the RNAqueous-4PCR (cat#1914, Ambion, Austin TX) 

kit following manufacturer’s instructions.  Frozen biopsies (approximately 15 milligram 

(mg) biopsies) were crushed in 3 milliliters (ml) of liquid nitrogen in a pre-cooled mortar 

and pestle (Coors).  Biopsies were pulverized into a fine frozen powder and 500 

microliters (ul) of lysis/binding solution was added to the bottom of the mortar. The lysed 

 24
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tissue (lysate) was then transferred to a 1.5ml microfuge tube.  An equal volume (500ul) 

of 64% ethanol was added to the lysate.  The ethanol/lysate was then gently mixed by 

inversion.  Five hundred ul of the ethanol/lysate was added to a filter cartridge.  The filter 

cartridge is placed into a collection tube and the sample then centrifuged at 12,000 x g for 

1 minute (min).  This process was repeated per sample until all lysate was filtered (max 

2ml per filter cartridge).    The RNA, bound to the filter cartridge, was washed with 700ul 

wash solution #1 and centrifuged at 12,000 x g for 1 minute.  Five hundred ul wash 

solution #2/3 was added to the filter cartridge and centrifuged at 12,000 x g for 1 minute 

and then repeated one time.  The RNA was eluted using 50ul preheated (800C) elution 

solution.  The RNA was DNase treated by adding 5ul 10X DNase 1 buffer and 1ul DNase 

1 and incubated 15-30 minutes at 370C.   Five ul DNase Inactivation Reagent was added.  

The solution was gently mixed by flicking and incubated 2min at room temperature.  The 

DNase Inactivation Reagent was pelleted by centrifuging the RNA at 10,000 x g for 1 

min.  The DNase-free, RNA was removed from the pellet by pipetting into a fresh, 

labeled microfuge tube.  A 5ul aliquot was removed for RNA quantification and the 

sample stored at -800C.   

Assessing RNA Quality/Quantity 
 The quality and quantity of RNA was assessed using an Agilent 2100 Bioanalyzer 

(Agilent Technologies, Walbronn, Germany) following manufacturer’s instructions.  

Using the Agilent RNA 6000 Nano kit (cat#G2938-90030), 1ul of RNA was labeled with 

a fluorescent gel-dye mix.  The RNA was resolved on a gel matrix and RNA quality and 

quantity was calculated.  Only RNA with the highest fidelity (A260/A280 ratio between 1.9 

and 2.1) was used for microarray analysis.   

 



 

 

Fig. 2.4  RNA from tumor biopsy. Agilent Bioanalyzer data showing ribosomal 18S 
and 28S integrity. 

Microarray GeneChip 
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 RNA was extracted from cervical biopsy tissue and applied to the Affymetrix 

microarray GeneChips (Affymetrix, Inc., Santa Clara, CA) to identify differentially 

expressed genes.   Twenty to forty ug of DNA-free, messenger RNA (mRNA) was 

converted to its double-stranded compliment (cDNA) using the One-Cycle cDNA 

Synthesis Kit (cat# 900493, Affymetrix, Inc.).  B. subtilis Poly-A RNA was spiked in 

with the target RNA to monitor the labeling process.   The double-stranded cDNA was 

then cleaned using the Sample Cleanup Module (contained in the Once-cycle cDNA 

Synthesis lit)).    An in vitro transcription (IVT) reaction resulted in a biotin-labeled 

complementary RNA (cRNA).   To remove unincorporated nucleotides, another clean-up 

step was performed on the biotin-labeled cRNA.  The fluorescently labeled targets were 

allowed to hybridize 16 hours with the Affymetrix GeneChip Human Genome U133 

array set (HG-U133A and HG-U133B) (cat# 900444, Affymetrix).  In our hands, 

microarray to microarray variance is very low, with only 0.2% of the probe sets showing 

a 1 fold change or greater (between chips).  Therefore, we used one GeneChip per 
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sample.  Fluorescently-labeled cRNA hybridized to its complementary DNA on the 

GeneChips.  Non-hybridized fragments were then washed from the chips.   Fluorescence 

intensities, representing gene expression levels were captured using the Affymetrix 

system.  The probes were tiled in probe pairs consisting of a perfect match for measuring 

specific binding to the gene of interest and a mismatch, for non-specific binding.  

Detection p-value cut-offs were used to calculate the values for the detection of 

transcripts as present, absent or marginal. 

Statistical Analysis 
 The S+ARRAYANALYZER 2.1.1(S+AA) module of S-Plus7.0.4 (Insightful 

Corporation, Seattle, WA) was used to analyze microarray data. This software has the 

enhanced data import, QC diagnostics, normalization and differential testing methods for 

array analysis. The CEL files from the superficially and deeply invading tumors samples 

were summarized and normalized using GCRMA (GC- Robust Multichi Analysis) 

method72. The GCRMA method estimates the background in the probe level data based 

on the GC content in the sequences.  It further normalizes and summarizes data using 

quantiles and medianpolish methods. The genes absent across all samples were 

eliminated from the analysis 

 Low and high risk tumors were differentiated using the local pooled-error (LPE, 

test) from S+AA73. The LPE test method is designed specifically for the analysis of 

microarray experiments with low replicates. For experiments performed on chips with a 

large number of genes (e.g., Affymetrix GeneChips) and few replicates, the estimates of 

within-genes standard errors are imprecise due to unrealistically high signal-to-noise ratio 

and a low number of degrees of freedom (one or two), which resulted in increased Type I 

and Type II errors. In differential expression testing (DET), LPE estimates, which are 

used like P values, are obtained by pooling the variance estimates of genes with similar 

expression intensities.  Further, the Bonferoni adjustments (a family-wise error rate 

method), was used to reduce the likelihood of false positives.  Clustering was performed 

in Spotfire DecisionSite 8.2 (Spotfire, Somerville, Massachusetts). 
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 Signal intensities were normalized using a z score.  Genes with an absent call 

across all samples were eliminated from the analysis.  “A” chips were used only because 

the “B” chips are mostly expressed sequence tags (EST’s).    

Ingenuity Pathways Analysis (IPA) 
Ingenuity Pathways Analysis (IPA) 3.1 software (Ingenuity® Systems, 

www.ingenuity.com) was used to identify important functional groups and networks to 

model and analyze those gene relationships that appear to be important in differentiating 

between the high- and low-risk groups.   

Network Generation  
 The LPE test filtered 98 genes that were differentially expressed between the low 

and high risk tumors at a p-value ≤0.01 with Bonferoni adjustment. These 98 genes were 

analyzed using the Ingenuity Pathways Analysis software to identify the networks, 

functional groups and pathways that are affected due to the tumors. Each gene identifier 

was mapped to its corresponding gene object in the Ingenuity Pathways Knowledge Base. 

These genes, called focus genes, were overlaid onto a global molecular network 

developed from information contained in the Ingenuity Pathways Knowledge Base. 

Networks of these focus genes were then algorithmically generated based on their 

connectivity.  

Functional Analysis   
 The Functional Analysis of a network identified the biological functions and/or 

diseases that were most significant to the genes in the network. The network genes 

associated with biological functions and/or diseases in the Ingenuity Pathways 

Knowledge Base were considered for the analysis. Fischer’s exact test was used to 

calculate a p-value determining the probability that each biological function and/or 

disease assigned to that network is due to chance alone.  
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Total Nucleic Acid Extraction (TNA) 
 Total nucleic acid (TNA) was extracted from formalin-fixed, paraffin-embedded 

(FFPE) archival tissues for HPV genotyping (DNA) and for the quantitative real-time 

PCR (qRT PCR) applications (RNA after DNAse treatment) using the RecoverAll Total 

Nucleic Acid Isolation Kit optimized for FFPE tissues (cat#1975 Ambion, Austin, TX).  . 

A full chart review of all IB1 SCCA’s from year 2001 to present were compiled from the 

University of Texas Medical Branch (UTMB) archives.  Haemotoxylin and Eosin (H&E) 

slides were prepared for each block.  All microscopic slides were reviewed and tumor 

samples fit the following criteria; they had a greater than 70% cancer cell: stroma ratio, 

less than 2% necrosis, and less than 5% lymphocytic infiltrate.   Fifty-five patients fit the 

above microscopic criteria.  Four patients were excluded because they had undergone 

previous chemotherapy.  Sixteen patients whose paraffin blocks were not available were 

excluded.  The remaining 35 samples were evaluated in our study.  Multiple blocks were 

tested separately from several patients.  Fifty eight samples from thirty five patients were 

used to look at relative quantification of selected genes.  The tumors were characterized 

microscopically (ratios taken of tumor to stroma, percent necrosis, and lymphocytic 

infiltrate were noted) and carefully cut using a microtome.  Special care was taken to 

reduce the amount of “normal” tissue from the slivers of FFPE tissue.  Using a clean 

scalpel, the tissues were laid out on a glass slide and cut to remove the “normal” tissue 

leaving only tumor tissue.  We felt this was important for the accurate quantification of 

gene expression with real time PCR.   

 Two tubes of tissue per sample was prepared; one for RNA and one for DNA. 

One ml of 100% xylene was added to the paraffin-embedded tissue curls/sections (≤80um 

total) for deparaffinization.  The samples were incubated at 50oC for 3 minutes and 

pelleted by centrifugation .  The xylene was discarded; the pellet washed twice in 100% 

ethanol, and briefly air dried.  Four hundred ul digestion buffer and 4ul protease were 

added to each tube.  The samples were incubated at 50oC for 3 hours for RNA and 48 

hours for DNA.    Nucleic acid was isolated by adding 480ul isolation additive and 1.1 ml 
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100% ethanol.  The mixture was passed through a filter cartridge and washed several 

times.  DNase was added to the RNA samples and incubated for 30 min to remove DNA.  

The RNA samples were washed several more times.  Elution solution was added to all 

columns and the nucleic acid eluted from the columns.  The concentration of the nucleic 

acid was quantified using an Eppendorf Biofotometer spectrophotometer to obtain the 

A260/280 ratio.  A 25 fold dilution was made using 4 ul of nucleic acid and 96 ul Tris 

EDTA(TE) Buffer (10mM Tris, 1mM EDTA, pH 7.6).   

HPV Genotyping 
 HPV genotyping was performed using the Linear Array HPV Genotyping Test 

(cat# 04472209 Roche, Indianapolis, IN).  The Linear Array method utilizes PCR 

amplification of target DNA, subsequent hybridization, and a colorimetric reaction to 

detect 37 different types of anogenital HPV genotypes (HPV 6, 11, 16, 18, 26, 31, 33, 35, 

39, 40, 42, 45, 51, 52 (linear array uses a cross-reactive probe to detect HPV 52), 53, 54, 

55, 56, 58, 59, 61, 62, 64, 66, 67, 68, 69, 70, 71, 72, 73, 81, 82, 83, 84, IS39, and 

CP6108)74.  B-globin was used to determine the integrity and presence of the sample 

DNA.    

 Sample DNA was amplified using a pool of biotinylated primers to the 

polymorphic L1 (Late 1) region of the HPV genome per manufacturer’s instructions.  A 

no template negative control and an HPV 16 positive control were also included.  The 

PCR reaction conditions were as follows; HOLD 2min 50oC, HOLD 9min 95oC, CYCLE 

(40 cycles) 30sec 95oC, 1min 55oC, 1min 72oC, HOLD 5min 72oC, HOLD 72oC 

indefinitely.  After PCR was complete, samples were denatured using DN solution 

(provided in kit).  8ul of amplified DNA was then hybridized to the test strips.   The DNA 

was added to pre-warmed hybridization buffer and incubated at 53oC for 15 minutes.  

The strips were then washed with a stringent wash buffer.  Working horseradish 

peroxidase (HRP)-conjugate was added to the strips and incubated for 30 minutes at 

room temperature, washed with an ambient wash buffer.  Substrate was added to the 

strips and allowed to develop until bands were clearly seen on the strips.  The reaction 
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was stopped by washing with distilled water.  Strips were read against a key card.  

Visible bands corresponded to various HPV genotypes.   

Reverse Transcription (RT) 
 Reverse transcription of RNA isolated from cervical biopsies and FFPE tissues 

was performed using the High-Capacity cDNA Archive Kit (cat# 4322171 Applied 

Biosystems, Foster City, CA).  A 2X Master Mix made up of 10X reverse Transcriptase 

(RT) buffer, 25X dNTP mix, 10X random hexamer primers, MultiScribe RT (50U/ul), 

and RNase-free water was added at a 1:1 ratio with up to 10ug of purified RNA in a 25ul 

total volume.  A no-template negative control and HPV 16 positive control was also 

included.  The PCR reaction was as follows; HOLD 10 min at 25oC, HOLD 37oC for 2 

hours.  cDNA was stored short term at -80oC until processed further.   

Endogenous Control Optimization 
 The TaqMan Human Endogenous Control Plate (cat# 4309199 Applied 

Biosciences, Foster City, CA) was used to screen RNA from the cervix of patients with 

stage IB1 SCCA.  The TaqMan kit included a pre-coated plate of eleven different human 

housekeeping genes [18s rRNA (18s), acidic ribosomal protein (huPO), beta-actin 

(huBA), cyclophilin (huCYC), glyceraldehyde 3-phosphate dehydrogenase (huGAPDH), 

phosphoglycerokinase (huPGK), b2-microgloulin (huB2m), b-Glucronidase (huGUS), 

Hypoxanthine ribosyl transferase (huHPRT), transcription factor IID TATA binding 

protein (huTBP), and transferring receptor (huTfR)] and an internal positive control (IPC) 

to detect the presence of inhibitors in our samples.   

 RNA samples from four patients with stage IB1 SCCA were reverse transcribed 

(RT) using random hexamers as described above [under Methods, Reverse 

Transcription].  Using the 2X TaqMan Universal PCR Master Mix (cat# 4352042, 

Applied Biosystems), cDNA was amplified and a VIC reporter dye was incorporated at 

the 5’ end and a quencher at the 3’ end of the transcripts.   Using the ABI PRISM 7700 

Sequence Detection System (Applied Biosystems),  the PCR reaction was as follows; 

HOLD 2 minutes at 50oC, HOLD 95oC for 10 minutes, CYCLE (X40) 95oC for 15 
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seconds, 60oC for 1 minute.  The fluorescence was collected and the standard deviations 

between all the samples were tabulated from the CT (cycle number where fluorescence 

crosses threshold) values [as described below under Methods, Relative Quantification 

Calculations].  The housekeeping gene with the lowest standard deviation between 

samples was used as our experimental baseline.   

Fast Quantitative Real-Time PCR (qRT PCR) 
  Using the 7500 FAST Real-Time System Instrument (Applied Biosystems), 

cDNA from the FFPE samples, endogenous controls, and no-template controls, were 

amplified in a singleplex reaction.  Pre-made, unlabeled forward and reverse primers and 

a FAM-MGB probe were supplied in the 20X Taqman Gene Expression Assay mix (cat# 

4331348, Applied Biosystems) for each gene of interest (GOI).  Primers were designed to 

be inclusive of splice variants. 

 

TaqMan Gene Expression Assays-on-Demand (cat# 4331348) 

TaqMan Gene 

Expression Assays 
RefSeq 

Applied Biosystems 

Assay ID 

CEACAM 7 NM_006890 Hs00185152_m1 

Serpin B4 NM_002974.2 Hs00741313_g1 

Neurofilament NM_006158.2 Hs00196245_m1 

PTPRF NM_003622.2 Hs00794171_mH 

 

 The 2X TaqMan Fast MM, AmpErase UNG (cat#4352042, Applied Biosystems) 

was used at a 1:1 concentration in a 20ul final reaction volume per well.  The PCR 

reaction was as follows; HOLD 20 seconds at 95oC, CYCLE (X40) 95oC for 3 seconds, 

60oC for 30 seconds.  The fluorescence was collected and the relative quantification was 

calculated relative to an optimized endogenous control (18s). 



 

Relative Quantification (RQ) Calculations 
 With the use of the Sequence Detection System (SDS) Software (Applied 

Biosystems), relative quantification (RQ) values were calculated.  The change in 

fluorescence (deltaRn) detection was plotted against cycle number.  A threshold (CT) 

value was automatically set at the halfway point between the baseline and the maximum 

fluorescence.  The CT represents the cycle number at which the fluorescence is in 

exponential phase.   

 

Fig. 2.5 Relative Quantification.   Threshold falls within exponential growth phaseH.   

 Outliers, falling outside of the dynamic range, were removed from replicate 

samples and CT values were averaged.  RQ values for each sample were quantified based 

on the GOI expression value to an endogenous control (delta CT).      

Principal Component Analysis (PCA) 
 The Principal Component Analysis (PCA), part of Spotfire DecisonSite 8.2, 

transforms non-linear data into linear data.  It minimizes the dimensionality of the data 
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H Actual data using SDS Software (Applied Biosciences) obtained from Serpin B4 experiment.   
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points (patient samples) and scores them according to their variability.  The variance 

along each axis corresponds to the Eigen value.  Ninety-eight percent of our variability is 

contained within the first three principal components; PCA1, PCA2, and PCA3.   

RESULTS 

GeneChip Array 
 Women undergoing a radical hysterectomy and pelvic lymphadenectomy for 

stage IB1 squamous cell carcinoma of the cervix were biopsied.  Postoperatively, they 

were grouped according to histopathologic findings into superficially (good prognosis) or 

deeply invasive (poor prognosis) groups.  Biopsies from normal cervices were also 

evaluated.  RNA was extracted from cervical biopsy tissue of six patients using the 

RNAqueous 4-polymerase chain reaction kit (Cat#1914, Ambion, Austin, Texas). The 

fidelity and quantification of RNA was tested using an Agilent Bioanalyzer 2100 (Agilent 

Technologies, Palo Alto, California).  A cDNA copy was made or the transcripts and 

applied to the Affymetrix microarray human GeneChip HU133 (Affymetrix, Santa Clara, 

California). Genes differentially expressed with a P value of ≤.01 were included in the 

analysis.   

Patient Information 
  Superficial Superficial Deep Deep 

High Risk 

Factors 
Patient 1 Patient 2 Patient 3 Patient 4 

AGE (years) 52 51 34 39 

Depth of 

invasion 

1 mm/2 cm 

(5%) 

1.5 mm/1.5 cm 

(10%) 

29/32 mm 

(91%) 

17/20 mm 

(85%) 

LVSI No No Yes Yes 

Lymph node 

metastasis 
No No No No 

Table.2.2  Patient Information Summary Table (Superficial versus Deep Study) 
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Statistical Analysis 
Analysis of variance (ANOVA) was used to filter genes differentiating between 

the normal cervices and the deeply and superficially invasive IB1 tumors of the cervix.  

Spotfire DecisionSite 8.1 was used to generate heat maps and hierarchical clustering (see 

Fig 2.6).  A total of 309 genes were identified by the ANOVA filter at a P value of ≤.01 

responded to the disease state rather than some random variation.  At the 99% confidence 

level, 309 probe sets (i.e., genes) appear to be clearly differentiated between deep 

cancers, superficial cancers, and normal cervices. 

LPE t test  
We further compared the GeneChip data from our superficially and deeply invading 

tumors using the local pooled-error test (LPE test, LPE t test) in the S+ Array Analyzer 

2.0 module of S-Plus 7.0.4 (Insightful).  Bonferoni adjustments were made to decrease 

Type I errors.  Spotfire DecisionSite 8.1 was used to produce a heat map with 2-way 

hierarchical clustering for visualizing the comparative expression values of the significant 

genes (see Fig 2.7).   A total of 98 genes were differentially expressed at a 99% 

confidence level between superficially and deeply invasive cervical tumors. Genes, 

including serpins, S100 genes, CEACAMs, and mucins with molecular function in cell 

cycle control, signaling, and invasion were significantly altered in the deeply invading 

group.   

 

 



 

 

Fig. 2.6 Heat map with hierarchical cluster (99% confidence level, P ≤.01) showing 
disease-specific clustering. The first two columns represent gene expression 
from the normal cervices with no cancer (NN). The third and fourth 
columns are from deeply invasive tumors (DC), and the last two columns 
are biopsies from superficially invasive tumors (SC).  Patient identifiers are 
listed at the bottom of each column (Ynl1a, 02_08a, etc). 

 36



 

 

 
 

Fig 2.7  Heat map with hierarchical cluster (99% confidence level, P ≤0.01) showing 
depth of invasion-specific clustering. The first two columns represent two 
deeply invading tumors while the last two columns represent two 
superficially invading tumors. 
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Ingenuity Pathways Analysis 
Using IPA, we were able to determine which functions might be most relevant to 

our dataset. The functions with the highest number of associated genes include cell-to-

cell signaling, immune response, and cancer.   

 

 

Fig 2.8  Top functional groups and the number of associated genes.  Each gene in 
our dataset may fall within several functional groups and, therefore, will not 
equal the 98 genes in our dataset.   
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Next, we used IPA to generate networks that help us identify gene relations within 

the most significant functional groups.  A network is a graphical representation of the 

molecular relationships between genes/gene products. Genes or gene products are 

represented as nodes, and the biological relationship between two nodes is represented as 

an edge (line). Solid lines represent direct interactions and dotted lined represent indirect 

interactions between the nodes.  All edges are supported by at least 1 reference from the 

literature, from a textbook, or from canonical information stored in the Ingenuity 

Pathways Knowledge Base. The intensity of the node color indicates the degree of up- 

(red) or down- (green) regulation. Nodes are displayed using various shapes that 

represent the functional class of the gene product (i.e., cytokines, enzymes, nuclear 

receptors, transcriptional regulators, kinases, G-protein coupled receptors, etc). 

The top network (with the greatest number of associated genes) was involved in 

cellular growth and proliferation, cellular movement.  

 

 

 



 

 
 

Fig.2.9  Network showing relationships between various genes involved in 
differentiating superficial and deep cancers.     

Based on our stringent statistical methods and IPA analysis as detailed above, we were 

able to narrow down potential candidates for qRT PCR confirmation.  We chose two 

genes that were down-regulated in deep cancers and two that were up-regulated.  Based 

on our statistical analysis and the IPA analysis, we selected SERPIN B4, CEACAM 7, 

PTPRF, and Neurofilament for qRT-PCR confirmation.   
 40



 

Serpins 
Serpins (serine protease inhibitors) showed up repeatedly in our analysis.  There 

were ten different serpins (A1, A3, A5, B1, B3, B4, B6, B7, B9, and B13) that were all 

down-regulated in deep cancers compared to the superficial cancers. 

 

Fig 2.10 IPA Network showing Serpin interactions.   
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Serpins (serine protease inhibitors) are part of a large super-family of serine and cysteine 

protease inhibitors found to be involved in the regulation of tumor suppressors and 

apoptosis.  In particular, they have been extensively studied in relation to early stage 

cervical cancers.  Some studies have suggested that serum levels of serpin B3 and B4, 

also known as squamous cell carcinoma antigen (SCA)-1 and -2, respectively, correlate 

with tumor bulk 75, and as prognostic indicators of recurrence 76,77.   SCC-2 has been 

found to regulate cell-to-cell adhesion and growth 78.  Its absence or down-regulation has 

been associated with a decrease in E-cadherin and an increase in cell migration and 
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invasion 79.  While serum levels of SCC have shown promise as prognostic indicators of 

recurrence, there are issues with sensitivity and specificity that have limited its clinical 

usefulness as a biomarker 80.  Elevated serum levels have been found in cancers besides 

cervical cancers, renal failure 81, and even in benign diseases such as psoriasis and 

eczema 82.  Serpin B4 was down-regulated in deep cancers by 76 fold compared to the 

superficial group at a 99% confidence level.     

CEACAM 
There were six carcinoembryonic antigen-related cell adhesion molecules 

(CEACAMS) family members involved in differentiating superficially from deeply 

invading IB1 SCCA’s in our dataset.   

 



 

 

Fig. 2.11 IPA network showing CEACAM interactions.  The top functions involved 
with this network include cellular movement, and growth, proliferation, and 
cell death.   

CEACAMS are epithelial cell, membrane-associated, immuno-globulin-like proteins that 

have been implicated in cell adhesion and signaling 83.  CEACAMs have been studied as 

tumor markers for colorectal cancers although they have many of the same specificity 

and sensitivity issues as found with serpin serum markers 84,85.  CEACAM 7 has been 

found to be down-regulated in colorectal cancer compared to normal tissue 86, but 

upregulated in gastric carcinomas 87.    Although the comparison was between superficial 

and deep cancers, in our study, CEACAM 1, 5, 6, and several variants of CEACAM 7 
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were all down-regulated in the deep cancers.   The down-regulation of CEACAMS may 

have a role in decreasing cellular adhesion thus facilitate deep stromal invasion. 

Neurofilament and Protein Tyrosine Phosphatase, Receptor Type, F (PTPRF) 
We also selected genes that were up-regulated in deep cancers.  In our ANOVA 

analysis, we used Bonferoni adjustments to minimize false positives or Type I errors.  

Neurofilament and PTPRF were both upregulated in deep cancers under this stringent 

statistical analysis.  Neurofilament was found to be upregulated by 22 fold in deep 

cancers of the cervix.  Neurofilament forms the intermediate filaments which provide the 

tensile strength and rigidity to neurons.  While this molecule is associated with certain 

types of neurological disorders, its role in cancer is not understood.  We are the first to 

describe its presence in deeply invasive carcinomas of the cervix.  PTPRF, also known as 

Liprin beta 1, is a transmembrane tyrosine phosphatase-interacting protein.  Like 

neurofilament, not much is understood about the role this molecule plays in cancer.  

However, it has been found to play a role in regulating neurotransmitter release.  In our 

analysis, it was upregulated 10 fold in deep cancers.    Neither of these molecules is well 

understood in the context of cancer.  For this reason we thought that they might be novel 

candidates for predicting outcome.    

Confirmation with qRT PCR  
 To validate and confirm our data analysis, we isolated total nucleic acid (TNA) 

from formalin-fixed, paraffin-embedded (FFPE) archival cervical tissue    Eighty percent 

of patient samples were deeply invasive and twenty percent were superficially invasive 

according to histologic classification. Patients were grouped as deeply invasive with an 

unfavorable prognosis or superficially invasive with a favorable prognosis according to 

their risk of recurrence.  Risk factors included LVSI invasion, LN metastasis, depth of 

stromal invasion, and size of tumor.   
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qRT PCR 

Patient Information 

Favorable 

(superficial) 

Unfavorable 

(deep) 

Risk Factors 12 Patients 23 Patients 

Depth of invasion 
(0.4/2.2-0.9/1.8) 

18%-50% 

(0.9/1.7-3/3) 

53%-100% 

LVSI 

 
No* No/Yes 

Lymph node metastasis No No/Yes 

*One patient in this group had LVSI. 

Table 2.3   Patient Information for qRT PCR Experiment. 

 

HPV Testing 
 To determine whether gene clustering varied by HPV type, HPV testing was 

performed on all samples using the Linear Array Assay (Roche).  This assay allowed us 

to simultaneously test our samples against thirty-seven different types of anogenital HPV 

DNA genotypes.  To test DNA integrity, Beta-globin was used as a positive control.  
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HPV Testing Results:   

35 patients were tested for HPV 

31 samples were B-globin positive (4 samples were degraded) 

24 HPV positive samples (7 samples were HPV negative) 

7 HPV 18 positive samples 

10 HPV 16 positive samples 

7 “other” HPV positive samples 

71% of HPV positive samples were HPV 16/18 

29% “other” HPV type 

Table 2.4 HPV Prevalence 
 
   

 

Fig.2.12 HPV genotypes prevalence in our patient population. 

 Eight different HPV types showed up in our patient group making up 29% of total 

HPV types.  We detected one patient with two different types of HPV (HPV 52 and 59).   

The prevalence of HPV 16 or 18 was 72% in our patient population.   

 



 

Endogenous control experiment 
 In non-cancerous cells “housekeeping” genes are stably expressed and do not vary 

with the cell cycle or state of differentiation.   However, genes from cancer cells, 

including “housekeeping” genes, are often aberrantly expressed.  In order to determine 

the best endogenous control for our sample population, we isolated RNA from the tumor 

of 4 patients with stage IB1 SCCA and screened them against 11 different endogenous 

controls.  Quantification of endogenous control genes are based on qRT PCR fluorescent 

values.   

 

Fig 2.13 Amplification Plot of Endogenous Control Experiment.   

The amplification plot represents the raw fluorescent data for all endogenous controls.  A 

threshold is automatically set for each gene and CT values are calculated for each value.  

Standard deviations are calculated from all four patient samples.   
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Endogenous Control Average CT Standard 

Deviation 

18s 11.4 +/-0.35 

Phosphoglycerokinase (PGK) 24.52 +/-0.40 

Glyceraldehyde-3-phosphate dehydrogenase (GAP) 21.69 +/-0.72 

Acidic ribosomal protein (PO) 23.03 +/-0.79 

Cyclophilin (CYC) 28.81 +/-0.98 

Beta-actin (BA) 21.22 +/-1.07 

Transcription factor IID, TATA binding protein (TBP) 31.08 +/-1.13 

B-Glucronidase (GUS) 27.59 +/-1.20 

B2-microglobulin (B2m) 21.63 +/-1.35 

Hypoxanthine ribosyl transferase (HPRT) 27.22 +/-1.56 

Transferrin Receptor (TfR) 25.85 +/-1.79 

Table.2.5 Endogenous Control Optimization.  The standard deviations (highlighted 
in yellow) for each endogenous control are listed from lowest to highest.  18s has the 
lowest standard deviation, followed by PGK, etc,.  
 

Based on the standard deviation between all of our samples, 18s is the best choice as an 

endogenous control for use with SCCA’s of the uterine cervix.   

QRT PCR results 
 Samples were processed using Applied Biosciences Quantitative Real time Fast 

PCR system [See methods section for details].  Relative quantification values were based 

on each individual samples expression level versus its endogenous control, 18s.   

 Based on our GeneChip analysis, we expected that we would be able to 

differentiate superficially invading IB1 SCCA’s from deeply invading IB1 SCCA’s.  

Additionally, we expected CEACAM and Serpin to be lower in aggressive, deeply 

invading IB1 SCCA’s compared to non-aggressive, superficially invading IB1 SCCA’s.  

Additionally, we expected Neurofilament and PTPRF to be expressed at a higher level in 



 

deeply invading IB1 SCCA’s compared to superficially invading tumors.  Based on our 

expression values relative to 18s, the following results were obtained.  

 

Fig. 2.14  Relative Gene Expression (delta CT) based on gene of interest versus 18s.   

 

There was no significant differences between in the relative gene expression of 

CEACAM, Serpin, PTPRF, and Neurofilament in the superficially invasive and deeply 

invasive IB1 SCCA’s.  Additionally, CEACAM and Serpin were not expressed at a lower 

level and over-expressed in PTPRF and Neurofilament in our deeply invading IB1 

SCCA’s as expected.   

Univariate Analysis 
 CA-125, a serum marker for ovarian cancer in the presence of an adnexal mass, 

has a sensitivity of 56%-81%, a specificity of 75-99% and a positive predictive value 

ranging from 58-93% (age dependant) 88-90.  In detecting CIN 2, the pap smear has a 76% 

sensitivity and 95% specificity 91.  We wanted to determined the specificity, sensitivity, 

and overall positive predictive values (PPV) for each of our genes of interest.   
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  CEACAM SERPIN NEFL PTPRF 

Sensitivity 50% 50% 41% 67% 

Specificity 67% 54% 33% 17% 

PPV 29% 22% 70% 76% 

 

Table 2.6  Univariate Analysis.  PPV is Positive Predictive Value.  
 

PTPRF has the best PPV value (detection of true positives) and sensitivity (percentage of 

tumor patients correctly identified by a positive test) out of all the genes, but has the 

lowest specificity (percentage of tumor patients correctly identified by a positive test).    

Mutivariate Analysis 
 The Principal Component Analysis (PCA) in Spotfire DecisionSite 8.2 was used 

for clustering algorithms.  The PCA method reduces the dimensionality of the data 

creating linear combinations of the original data.  It takes non-linear data and linearizes it 

so that meaning can be obtained from the dataset.  The results are displayed in a scatter 

plot that maps the principal component score of each patient sample.  The position along 

a certain axis (PCA1, PCA2, or PCA3) represents the score of the component (patient 

sample value). 
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III
I

II

Fig. 2.17   PCA analysis showing clustering of patient samples.   

 



 

The multivariate PCA analysis resulted in a 3 dimensional view of our dataset.  Since the 

data values did not cluster at zero along the three PCA variability dimensions, the 

patients were heterogeneous.  However, the PCA analysis showed us that our patients did 

segregate into three distinct clusters. There were a mix of superficially and deeply 

invasive IB1 SCCA’s in groups I and III, but group II contained only deeply invading 

IB1 SCCA’s.       

Risk Factor by Group  
 We wanted to know whether our cluster analysis correlated with any other factors 

such as depth of stromal invasion, LVSI invasion, lymph node (LN) metastasis, and 

tumor size.  We divided our patients on the basis of superficially or deeply invading 

patients within each of the clustering groups (I, II, or III).   

 

% Depth of Invasion
84% 
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Table 2.7 Average percentage depth of invasion.  Calculations are based on the 
measurement of the tumor from the epithelial-stromal junction to the deepest point of 
stromal invasion relative to the depth of total stroma.  Group II had no superficial 
patients.    
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Tumor Size
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Table 2.8  Average tumor size (in centimeters). Measurements were taken at the 
largest tumor dimension.   

 

Table 2.9 Lymphovascular Space Invasion (LVSI) in our deeply invading samples.  
Percentages are based on total deeply invasive patients in group.   
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Table 2.10  Lymph node metastasis in our deeply invading samples.  Percentages are 

based on total deeply invasive patients in group.   

 

PCA Results Summary 
 42 samples total 

(33DC:9SC) 

Group I 

N=9 

(5DC:4SC) 

Group II 

N=10 

(10DC) 

Group III 

N=23 

(18DC:5SC) 

Deep 76% 84% 84% 
DOI 

Superficial 32% N/A 37% 

Deep 4.4+/-2.3 4.0+/-1.0 3.7+/-1.5 
Size 

Superficial 2.0+/-1.9 N/A 2.7+/-2.6 

LVSI Deep 60% 78% 67% 

LN Deep 20% 30% 50% 

Table 2.10 Breakdown of risk factors by group.  DC=Deep cancers; SC=Superficial 
cancers 
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These clusters did not appear to correlate with any of our known risk factors.  This 

correlation could be related to some risk factor not yet described.     

   

DISCUSSION 
 Several studies, have used microarray GeneChip technology to analyze transcript 

expression in cervical cancer 92,93.  However, these studies have focused on 

differentiating genes between normal and cancer or dysplasia and cancer.  Our approach 

was to determine risk of recurrence in stage IB1 SCCA’s.  While the standard of care for 

cervical cancer is clear for treating Stage I and Stage IIB to IVB cervical cancers, Stage 

IB1 cervical cancers are not so clear cut.   Fifty percent of Stage IB1 SCCA’s have a high 

risk of recurrence and 50% have a low risk of recurrence.  Using GeneChip technologies, 

we distinguished stage IB1 SCCA’s with a low-risk of recurrence (superficially invasive) 

from those with a high risk of recurrence (deeply invasive) in cervical biopsies obtained 

preoperatively.   

 While these results have implications in decreasing morbidity and mortality of 

multi-modality radical treatments, our GeneChip study was limited to patients at the polar 

opposite of the stage 1B1 SCCA spectrum; superficial stromal invasion with no 

lymphovascular space invasion compared to deep stromal invasion with lymphovascular 

space invasion.  These patients were highly selected and may not representative of the 

population as a whole.  Additionally, in this preliminary analysis, we used a limited 

number of patients (n=2 in each group) for our GeneChip analysis.  Using microarray 

GeneChip technology, there is a huge disproportion of variables tested (genes) compared 

to number of samples.  One limitation of having such few patients involves the over-

fitting of data in the statistical analysis 94.  This dataset needs to be further expanded and 

validated in a larger, heterogeneous population of stage IB1 cancers of the cervix.    

 The platform used in this analysis was Affymetrix GeneChips.  GeneChip 

technologies allow the user to screen thousands of genes simultaneously.  Additionally, it 



 

 56

provides a snapshot of the orchestration of molecular events involved in the 

tumorogenesis process.  Identifying a molecular profile of cancer using GeneChip 

technology has the potential to predict future biological behavior.   There are several 

drawbacks to using this platform.  Affymetrics GeneChips are costly, require a large 

amount of high quality, RNA, and there is no gold standard for the statistical analysis of 

the data.  We used fresh tissues for the GeneChips.  At our institution, there are 

approximately 3 to 4 stage IB1 SCCA’s scheduled for surgery each month.  Not all 

patient samples are sufficient for our study because of RNA quality/quantity.  Therefore, 

it is difficult to obtain enough patients in a relatively short time period.  The alternative is 

to use formalin-fixed paraffin-embedded archival tissues.  However, for Affymetrix 

platforms, the RNA quality and quantity from paraffin-embedded tissue is insufficient.  

Using GeneChips, we were able to identify 98 potential gene candidates that distinguish 

stage IB1 SCCA’s with a low risk of recurrence from those with a high risk of 

recurrence.  For validation purposes, it is advantageous to narrow down the list of gene 

candidates even further.    

 The purpose of narrowing the list of potential gene candidates down to just a few 

putative biomarkers has the advantage of reducing validation time and cost significantly.  

Currently, there is no standardized method for narrowing down candidate biomarkers.  

Because fresh biological specimens are limited, for verification, we used paraffin 

embedded tissues.  To verify the GeneChip data, candidates were narrowed down using 

stringent statistical methods.  Genes that were differentially expressed below a 99% 

confidence level were eliminated.  The remaining gene candidates were further filtered 

using Bonferoni adjustments to minimize false positives.  Their biological function was 

determined using IPA software and candidate markers were picked based on biological 

significance in the literature.  While, we could differentiate patient samples from this 

limited sample set using GeneChip analysis, we were unable to correlate risk of 

recurrence using individual genes (CEACAM 7, Serpin B4, Neurofilament, and PTPRF) 

in a larger set of paraffin-embedded tissues.  Based on the univariate analysis of each of 
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the gene candidates (CEACAM, Serpin, PTPRF, and Neurofilament), our sensitivity, 

specificity, and positive predictive values were insufficient to apply to large scale 

validation studies.   

 One explanation of why our GeneChip results could not be validated may be due 

to the differences in our patient population.  While all tumors were stage IB1 SCCA’s, 

they reflected the entire spectrum of this stage in comparison to the highly selected 

tumors for the GeneChip experiments.  There were patients with mixed risk factors.  For 

example, several patients had deeply invasive tumors with no LVSI and others were 

superficially invasive with positive LVSI. 

Patient 

Population 

 Depth of 

Invasion 

LVSI LN 

Superficial 5% - 10% no no GeneChip 

Deep 85% - 91% yes no 

Superficial 18%-50% no no qRT PCR 

Deep 53%-100% no/yes no/yes 

Table 2.13 Patient differences between GeneChip and qRT PCR experiments. 

   

Using an unsupervised cluster method (PCA analysis), we found that the patients in this 

study clustered into three distinct groups contrary to expectations.  Stage IB1 SCCA’s are 

currently grouped according to presence of certain risk factors of recurrence (high and 

low risk).   Our PCA data indicate that perhaps there is an additional group with an as yet 

described risk of recurrence.   

  Seventy-two percent of the patients in this study were HPV 16 or 18 positive.  

These results are consistent with the current literature 95.  Using DNA from archival 

FFPE tissues, 89% of samples were positive for beta-globin.  Beta-globin was used as an 

indictor of DNA fidelity.  The DNA was isolated from archival tissues from as far back 

as 2001 and may have degraded.  Thirty–three percent of the beta-globin positive samples 

were positive for HPV.  This is slightly lower than expected according to epidemiology 
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studies.  Several explanations could be possible.  The HPV levels might be below the 

detection limit of the assay.  The Roche Linear Assay does use a pre-amplification step, 

but the transcripts are detected by an enzymatic colorimetric reaction.  Secondly, the 

Roche Linear Array Assay was developed for use with exfoliated cells.  We applied the 

assay to DNA extracted from paraffin embedded archival tissues.   Although the assay 

worked, it may not be optimal for this type of tissue.  RNA from the same tissue samples 

amplified using ribosomal 18s in our real-time experiments suggesting that the 450 base 

pair target used in the Linear array assay is at the upper limit of what can be expected 

from this kind of material.    

 Thus far, there is no one biomarker for cancer predictive of disease or outcome.  

However, in combination, unique genetic profiles have been used to selectively diagnose 

early stage disease.  One such study has discovered a set of four serum markers that can 

differentiate patients with ovarian cancer from normal patients.  While no one of these 

proteins were able to distinguish ovarian cancer patients from normal controls, a 

combination of all four resulted in a 95% sensitivity and specificity, and a 94% positive 

predictive value 98.   The clinical efficacy of this study is yet to be determined, but it does 

illustrate the importance of combinations of proteins for biomarker discovery.   

 Molecularly-specific target based therapies have the potential to guide treatment 

decisions.  Several new target-specific drugs have recently received Food and Drug 

Administration approval.  Iressa is a tyrosine kinase inhibitor that blocks the epidermal 

growth factor receptor (EGFR) has been approved for use in non-small cell lung 

carcinomas 96.  Herceptin, an anti-body specifically is currently being used in women 

with breast cancer over-expressing the HER-2 receptor 97.  While these drugs are 

advantageous for certain patients over non-specific treatments such as radiation and 

chemotherapy, they are limited to targeting a single molecule.  Because cancers are 

unstable and mutate quickly, they can become resistant to a single treatment.  Using 

GeneChip technology, it is possible to identify several cancer targets for future multi-
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drug development.   The age of molecular medicine offers the ability to predict prognosis, 

drug response, and tailor treatment options to best fit patients on an individual basis.    



 

   

CHAPTER 3:  MOLECULAR ANATOMY OF STAGE IB1 
SQUAMOUS CELL CARCINOMAS OF THE UTERINE 

CERVIX 

 

INTRODUCTION    
 Little is known about the molecular processes that lead to cervical carcinogenesis.  

However, transformation does begin at the squamo-columnar junction (SCJ) on the 

external opening of the cervix.  This hotspot of transformation is commonly referred to as 

the Transformation Zone or “T-zone”.   Early abnormal, dysplastic cells form at the 

squamous columnar junction on the exocervix and spread up the columnar cells of the 

endocervix.    Cancer occurs once the basement membrane is compromised and cancer 

cells start to spread into the stroma.      

 

Fig.3.1  Diagram of Cervical Anatomy 
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BACKGROUND AND RATIONALE 
 Characterizing the potential for reoccurrence is currently an imprecise science.  

Clinical staging lacks the precision needed to characterize outcome and thus determine 

the best treatment option for patients. While microscopic classification is more precise, 

there are still issues that must be overcome.   Molecular profiling is the best tool we have 

in our repertoire, but we still have a long way to go in order to make sense of the vastness 

of the genetic information provided by these methods.  Molecular markers have proven 

beneficial in the diagnosis of haematologic cancers 99,100 and solid tumors 101,102 and [if 

applied to cervical cancer], have the potential to allow for more accurate staging and 

more selective management of early stage cervical cancers.     

 In chapter two, we were able to identify a set of 98 genes that distinguished low 

and high risk in IB1 SCCA tumors of the cervix.  In order to tease out genes that may 

typify the metastatic process, a few gene candidates were validated in a larger patient 

study.  While gene patterns were similar, there were distinct expression profiles that 

varied by patient.  Genetic and/or functional differences may account for patient to 

patient variability.    However, in a heterogeneous tumor, differences may also be a result 

of site of biopsy within a tumor.     Microscopically patients within stage IB1 SCCA have 

very different tumors.  Genetically, this is also the case.  Several studies have established 

loss of heterogeneity, chromosome aberrations, and multiple HPV oncoprotein variants 

that fluctuate throughout cervical carcinomas 103-106.  Thus, one biopsy may not represent 

the whole tumor.  Patient to patient variability may account for some of the variability; 

however intra-tumor heterogeneity may also be the culprit.   

Microscopic Mechanism of Spread  

 Early stage IB1 cervical cancer presents itself in several different ways 

microscopically.   Typically, abnormal dysplastic cells originating at the SCJ spread in an 

expansive fashion involving the exocervix and endocervical canal.  Invasive carcinoma 

develops once the basement membrane is compromised.  In order to spread to lymph 
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nodes or distal sites, cancer cells must obtain the ability to intravasate into the 

lymphovascular space.   Clinicians are often faced with a tumor no more than 1mm depth 

of invasion that has positive LVSI or even lymph node metastasis.  By FIGO convention, 

this size of a tumor should not require adjuvant therapy because of the low risk of 

recurrence, but any risk of spread beyond the cervix warrants follow-up chemo- and 

radiation therapy.   Thus, early stage IB1 SCCA’s have a variety of phenotypic 

differences and clinical outcomes.  Therefore, in order to elucidate the importance of 

these variables and to delineate clinical mechanism of progression, it is important to 

characterize these differences at a molecular level.   

Multiple Molecular Events 

Becoming a Tumor 
 Multiple molecular events occur in the progression to cancer.    Although cell 

cycle dysregulation is affected by HPV oncoproteins, the metastatic phenotype is 

dependent upon other genetic alterations. These mechanisms need to be better 

understood, in order to elucidate the complex processes of tumor cell invasion and 

metastasis. One of the critical events whose mechanism should be understood in cancer 

cell development is the transition from a benign to an invasive tumor that facilitates its 

“escape”.  An early event in this process is the compromise of the basement membrane.  

This process involves the interaction between the tumor cell and the basement membrane.  

Although the exact mechanism is not well understood, the tumor cell attaches to the 

underlying basement membrane, degrades it with proteases, and migrates through it into 

the underlying stroma 107.  

Escaping the Cervix 
  A separate molecular hallmark occurs after the basement membrane is 

compromised.  In addition to the cells invading the underlying stroma, an aggressive 

tumor has the capacity to intravasate into the endothelial-lined lymph-capillary channels 

known as the lymphovascular space, travel in the circulation to a lymph node or distant 

organ, and extravasate at the distant site.  Tumors that break through the basement 



 

membrane do not necessarily have the ability to invade the lymphovascular space.  These 

tumors will stay localized within the cervix.  Intravasation into the lymphovascular space 

involves molecular events that are distinct from invasion through the basement 

membrane.  Even though tumors may look similar microscopically, it is crucial to 

determine a molecular signature of genes that regulate metastasis before metastasis ever 

occurs.    

Tumor Heterogeneity 
 Much like the limitations of culture of a single cell derived from a tumor, one 

biopsy from a heterogeneous tumor may not be a sufficient representation to infer about 

the molecular processes of the whole tumor.  Although the majority of cervical tumors 

are moderately differentiated squamous cell carcinomas, different patterns can be 

identified at the phenotypic level.   

 

 

A B

Fig.3.2  H & E slide from two different IB1 SCCA’sI.  Slide “A” contains focal 
islands of tumor (purple) among atypical stroma.  Slide “B” is a more 
homogeneous tumor with little stroma.   

Additionally, each individual tumor can be quite heterogeneous microscopically (intra-

tumor heterogeneity).  Yet, these differences seen at the microscopic level are grouped 

under a single stage of disease (IB1) and, based on clinical outcome, are not 
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I Photographs kindly provided by Dr. Concepcion Arrastia, MD. 



 

 64

representative of the biology within various areas of the tumor.  This is reasonable 

considering tumors originate from a common parental cell.   Through a multi-step 

process, cancer cells incur genetic aberrations through each concurrent cell division 

resulting in a genetically related, but heterogeneous mix of cells.  For example, at the 

leading edge of a tumor, the cells, although derived from a common lineage, are quite 

different from the parental cancer cell and presumably posses different abilities to grow, 

evade, and invade.  Oxygen deprivation, cells of the immune system, etc., provide 

selective pressures that change genetically unstable cancer cells. Pro-angiogenic proteins 

are up-regulated and pro-apoptotic genes are down-regulated ultimately leading to 

progeny cancer cells with a growth/survival advantage.  Thus, when using a single tumor 

biopsy for molecular profiling and tumor characterization, the site of biopsy may be an 

important variable. 

OBJECTIVE 
 In order to develop a molecular signature of early cervical cancer, the optimal 

biopsy site and the genetic differences within the tumor must be clarified.  Our objective 

is to identify the genetic variation within a cervical tumor, and to evaluate the effect of 

sampling of gross tumor in a genomic analysis of cervical carcinoma.   

HYPOTHESIS 
 When using molecular profiling to characterize tumor function and behavior, the 

site of biopsy is an important variable.   

SPECIFIC AIM 
 To define the molecular profile of heterogeneity in early stage IB1 SCCA’s. 

 

 

 



 

METHODS 
 Radical hysterectomy specimens from patients with stage IB1 squamous cell 

carcinomas of the cervix were evaluated. The specimens were sectioned and grossly 

examined.   
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Fig.3.3  Uterine cervix with IB1 SCCA.  Left side shows the cancerous cervix with a 
slice removed.  Right side is the tissue slice showing locations of the biopsy 
sitesJ. 

 

Representative biopsies were obtained from 3 sites within the tumor: 1) site of presumed 

carcinogenesis at the squamo-columnar junction (SCJ), at the exocervix; 2) site of tumor 

extension from the endocervical epithelium; and 3) site of deepest area of cervical 

stromal invasion.  Half of each biopsy specimen was snap frozen in liquid nitrogen for 

molecular analysis and half submitted for histopathologic evaluation.  Three biopsies 

were taken from 3 patients for this analysis.   

 

 
J Photographs kindly provided by Dr. Claudia Castro, M.D. 
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Patient # Depth of Invasion LVSI Margins Nodes 

103 
1.1/1.1cm 

(100%) 
+ + + 

327 
1.2/1.8cm 

(67%) 
+ - - 

340 
1.5/1.5cm 

(100%) 
+ + - 

Table 3.1  Patient information (Heterogeneity study).   
  

Upon histopathologic review, we selected tissues with greater than a seventy percent 

carcinoma: stroma ratio, less than 5 percent a minimal amount of lymphocytic infiltrate, 

and less than two percent necrosis.   

 

 

 

 

 

 



 

 

lymphocytes 

Cancer cells 

stroma 

Fig.3.4  Haematoxylin and Eosin (H&E) stain of cervical section showing stroma 
(light pink areas), lymphocytes (dark blue spots), and cancer cells(light 
purple areas)K.    

RNA Extraction 
 Snap frozen biopsies were stored in the gas phase of liquid nitrogen until nucleic 

acid was extracted.  DNA-free, RNA was extracted using the RNAqueous-4PCR 

(Ambion, Austin TX) kit.  Briefly, RNA was crushed in liquid nitrogen, lysed, washed, 

and treated with DNase.   The quality and quantity of RNA was assessed using an Agilent 

2100 Bioanalyzer.  ,One ul of RNA was labeled with a fluorescent gel-dye mix (Agilent 

RNA 6000 Nano kit).  The RNA was resolved on a gel matrix and RNA quality and 

quantity was calculated.  Only RNA with the highest fidelity was used for microarray 

analysis.  Twenty ug of DNA-free RNA from each biopsy was applied to the GeneChip 

Human HG_U133 plus 2.0 (Affymetrix) [see chapter 2 “Methods” for a detailed 

overview]. 
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K Photograph courtesy of Dr. Concepcion Arrastia, MD. 



 

Statistical Analysis 
 The CEL files were imported in S+AA for probe level analysis.  The Robust 

Multi-chip Analysis along with quantile and medianpolish method was performed for 

background correction, normalization, and summarization respectively.  The probe sets 

absent across all the chips were also filtered out.  One way analysis of variance 

(ANOVA) was used to filter genes that were differentially expressed between the 3 

locations (exocervix, endocervix, and deep stromal invasion) within the tumor from 3 

study subjects.  Additionally, we performed one way ANOVA to filter genes by patient.  

Spotfire DecisionSite 8.2 was used for clustering algorithms. Ingenuity Pathways 

Analysis Software was used to identify important networks, functional groups and 

pathways that are affected due to these genes.  

No Change Controls 
 Perilesional biopsies were obtained from women who underwent a radical 

hysterectomy and pelvic lymphadenectomy for stage IB1 squamous cell carcinoma 

(SCCA) of the cervix (IRB#02-272).     
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Fig 3.5  Perilesional Biopsy 
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Biopsies had to have good quality 18s and 28s ribosomal RNA, and sufficient (24 ug) 

RNA had to be present in the biopsies for the Affymetrix GeneChips.    Tumor biopsies 

were transported from the operating room to the laboratory in 10 volumes of RNA Later 

(Cat# 7020, Ambion, Austin, Texas).  Following the manufacturers instructions, biopsies 

were stored at 4oC overnight, decanted and stored at -80oC.  RNA was extracted from 4 

perilesional biopsies.  Perilesional tissues were processed the same as the corresponding 

biopsies from the tumor tissues [Chapter 2, methods].  Additionally, data obtained from 

the 4 normal biopsies probe sets from women undergoing a hysterectomy for benign 

reasons (chapter 2) were used to compare probe sets from the exocervical biopsies.      

RESULTS 

Expression Patterns in a Heterogeneous Tumor 
 We used one-way ANOVA to determine whether genes varied by location within 

the tumor.  The one way ANOVA filtered 157 genes at p-value≤0.05 that were 

differentially expressed between the 3 locations in a tumor (exocervix, endocervix, and 

deep).  Hierarchical clustering helped to visualize the changing gene patterns in a 

heterogeneous tumor.      

 



 

 

Fig.3.6 Heat Map with Hierarchical Clustering showing 157 genes differentially 
expressed due to location p-value ≤0.05 with no adjustments.   

The three biopsies from the endocervix, exocervix and deep biopsies from all three 

patients clustered together.  Based on the dendogram, the exocervical and endocervical 
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profiles are more closely clustered together compared to the biopsies at the deepest edge 

of the tumor.   

Inter-tumor Heterogeneity 
 We wanted to validate whether the 157 location-specific genes were varying by 

location or whether it could be due to patient to patient variability.   To test this idea, 

using 1 Way ANOVA, we identified 8893 genes that distinguished patients.  We then 

compared the 157 location-specific genes to the 8893 genes identified by patient.   

 

 

Fig.3.7 Venn diagram showing location specific genes are different from patient 
variability genes.   

 There was no overlap of genes in the two data sets.  This suggests that the 157 

genes truly vary by location and are not due to patient to patient variability.   Although 
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sampling location is important when comparing gene profiles, it is possible to identify 

genes that do not vary by patient, but only by location.    

Clinical Relevance 
 From a biological stand-point, molecular differences are important to study the 

mechanism of invasion, growth, and immune evasion.  However, from a clinical stand-

point, it is useful to take a pre-operative biopsy without removing the uterus for clinical 

staging.  Therefore, we wanted to know whether we can take a pre-operative biopsy from 

the exocervix and gain some insight into the behavior of the tumor at the deepest leading 

edge of the tumor.  Using ANOVA 1 way analysis, we identified 32 genes showing 

similar expression values in both the exocervical and deep biopsies.   

 



 

 

Fig.3.8  Heat Map with Hierarchical Clustering showing 32 genes whose expression 
profiles showed no change between the exocervical and deep biopsies 
(p≤0.05).   
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Listed in the following table., 32 genes showed an absolute fold change of 1 and thus 

show no difference in expression between the exocervix and deep biopsies in all 3 

patients.   

 

Probe set ID Genbank 
ID Gene Description 

241366_at BE618393 --- CDNA FLJ35956 fis, clone 
TESTI2012289 

205283_at NM_006731 FCMD Fukuyama type congenital muscular 
dystrophy (fukutin) 

1558166_at BM824870 MGC16275 hypothetical protein MGC16275 

230194_at AI341076 --- Transcribed locus 

210138_at AF074979 RGS20 regulator of G-protein signalling 20 

229418_at AV709958 --- Transcribed locus 

228660_x_at AA523537 SEMA4F 

sema domain, immunoglobulin domain 
(Ig), transmembrane domain (TM) and 

short cytoplasmic domain, (semaphorin) 
4F 

215378_at AU148255 SRA1 Steroid receptor RNA activator 1 

231008_at AI733001 UNC5CL Unc-5 homolog C (C. elegans)-like 

240776_at AI378893 PGR Progesterone receptor 
1556436_at BC043205 C8orf50 chromosome 8 open reading frame 50 

238020_at BG166796 PSMC2 Proteasome (prosome, macropain) 26S 
subunit, ATPase, 2 

239302_s_at AA931539 --- MRNA; cDNA DKFZp686P18215 (from 
clone DKFZp686P18215) 

216863_s_at AC004542 MORC2 MORC family CW-type zinc finger 2 

218500_at NM_016647 C8orf55 chromosome 8 open reading frame 55 

210458_s_at BC003388 TANK TRAF family member-associated NFKB 
activator 

218904_s_at NM_017998 C9orf40 chromosome 9 open reading frame 40 
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1557113_at AK095276 LOC283588 hypothetical protein LOC283588 

232749_at AU145533 --- CDNA FLJ11701 fis, clone 
HEMBA1005062 

203702_s_at AL043927 TTLL4 tubulin tyrosine ligase-like family, member 
4 

240292_x_at N50412 ANKS1B ankyrin repeat and sterile alpha motif 
domain containing 1B 

210050_at M10036 --- --- 

212350_at AB029031 TBC1D1 TBC1 (tre-2/USP6, BUB2, cdc16) domain 
family, member 1 

200684_s_at AI819709 UBE2L3 ubiquitin-conjugating enzyme E2L 3 

232369_at AF339768 MBNL2 Muscleblind-like 2 (Drosophila) 

44563_at AI858000 WDR79 WD repeat domain 79 
205767_at NM_001432 EREG epiregulin 

218681_s_at NM_022044 SDF2L1 stromal cell-derived factor 2-like 1 

201465_s_at BC002646 JUN v-jun sarcoma virus 17 oncogene 
homolog (avian) 

221995_s_at BF195165 --- --- 
1553575_at NM_173714 --- --- 

1565876_x_at H50649 NUP153 Nucleoporin 153kDa 
  

Table 3.2   Table showing genes that did not change from the exocervix to the deep 
biopsy in all three patients.    
 
 Of the 32 genes, IPA mapped 26 genes in their database.  IPA does not include 

EST’s and genes with no known identity/function.  While these genes may play a 

significant role in cervical cancer, not enough is known about them in the literature.  Out 

of the 26 genes, 15 of these genes fell within one IPA network.   

 

   



 

 

Fig 3.9  IPA functional network identifying the key relationships of genes whose 
expression values are common to both deep and exocervical biopsies (in 
bold).  Solid lines represent direct relationships while dotted indicate 
indirect relationships.   

 

 

 

 

 76



 

 77

The following is a list of the 15 genes in network 1 above.   
Affymetrix Gene Description Location Family 

240292_x_at ANKS1B 
ankyrin repeat and sterile 
alpha motif domain containing 
1B 

Nucleus other 

205767_at EREG epiregulin Extracellular 
Space growth factor 

201465_s_at JUN v-jun sarcoma virus 17 
oncogene homolog (avian) Nucleus transcription 

regulator 

216863_s_at MORC2 MORC family CW-type zinc 
finger 2 Unknown other 

1565876_x_at NUP153 nucleoporin 153kDa Nucleus transporter 

240776_at PGR progesterone receptor Nucleus 
ligand-
dependent 
nuclear receptor 

238020_at PSMC2 
proteasome (prosome, 
macropain) 26S subunit, 
ATPase, 2 

Nucleus peptidase 

241366_at RBAK RB-associated KRAB zinc 
finger Nucleus transcription 

regulator 

210138_at RGS20 regulator of G-protein 
signalling 20 Cytoplasm other 

215378_at 
SRA1 
(includes 
EG:10011) 

steroid receptor RNA activator 
1 Nucleus transcription 

regulator 

210458_s_at TANK TRAF family member-
associated NFKB activator Cytoplasm other 

212350_at TBC1D1 
TBC1 (tre-2/USP6, BUB2, 
cdc16) domain family, 
member 1 

Nucleus other 

210050_at TPI1 triosephosphate isomerase 1 Cytoplasm enzyme 

200684_s_at UBE2L3 ubiquitin-conjugating enzyme 
E2L 3 Cytoplasm enzyme 

231008_at UNC5CL unc-5 homolog C (C. 
elegans)-like Cytoplasm other 

 

Table 3.3 No change genes in network #1.   
 
 The genes within this list are most likely to be involved in viral function, gene 

expression, cancer, the cell cycle, etc.  The IPA table below represents the top functions 

that genes from the above table are involved.   



 

 

Fig 3.10   Bar chart representing the probability that genes are involved in a particular 
function.  For example, genes of this list are most likely to be involved in 
viral function.   

The following network was generated from the cancer functional group from the above 

bar graph.   Many of the genes in our dataset fall into this pathway and are involved in 

cancer development.   
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Fig 3.11  IPA functional network identifying the key relationships of genes whose 
function is involved in cancer.     

   

 Because we were only interested in tumor specific genes and not “normal” or 

HPV-regulated genes, we compared our dataset to genes expressed in biopsies taken from 

cancer-free normal controls and from HPV-infected, perilesional controls.   Out of the 32 

genes identified, 16 were absent in the normal (taken from the cervices of patients 

undergoing a hysterectomy for reasons other than cancer) and perilesional biopsies (taken 

from patients with IB1 SCCA).     
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Fig 3.12   No change genes unique to exocervical (exo) and deep biopsies.   

No change genes
 (exo and deep) 
p-valus≤0.05 Normal &  

perilesional1632 genes 
  

 

 

The following is a list of genes that were specific to the tumor and not perilesional or 

normal biopsies.   
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Probe Set Gene Gene Title 
2104  TRAF family member-ass NFKB activator 

Fu n) 

T  

2  

B  

2  strom ike 1 
v-jun sa ) 

 

Table 3.4  Tumor-specific genes that are in common to exocervical and deep biopsies.   

n at the exocervix, these 16 genes are representative of gene expression at 

 

58_s_at
03702_s_at

TANK 
TTLL4 

ociated 
igase-like fa2  

205283_at 
tubulin tyrosine l mily, member 4 

kuyama type congenital muscular dystrophy (fukutiFCMD 
210050_at M10036 --- 
212350_at T  

SRA1 
BC1D1 BC1 (tre-2/USP6, BUB2, cdc16) domain family, member 1

215378_at Steroid receptor RNA activator 1 
chromosome 8 open reading frame 55 218500_at C8orf55 

18904_s_at C  
MORC2 

9orf40 ch 0 
MORC family CW-type zinc finger 2 
romosome 9 open reading frame 4

2  
221995_s_at 

16863_s_at
F195165 --- 

44563_at WDR79 WD repeat domain 79 
205767_at EREG epir lin 

al cell-derived factor 2-l
egu

18681_s_at
01465_s_at

SDF24 
2  
200684_s_at 

JUN rcoma virus e homolog (avian
biquitin-conjugating enzyme E2L 3

 17 oncogen
UBE2L3 u  

regulator of G-protein signalling 20 210138_at RGS20 

  

In a biopsy take

the deepest part of the tumor and are not found in the normal or perilesional tissues.    
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DISCUSSION 
 In this study we used molecular profiling as a tool to analyze intra- and inter-

tumor heterogeneity in squamous cell carcinomas of the cervix.   We wanted to clarify 

whether site of biopsy matters when characterizing squamous cell carcinomas of the 

uterine cervix.   While the precision of molecular profiling is useful in characterizing 

disease, we have discovered limitations as well as advantages to this technique.   

Intra-tumor Heterogeneity 
 Much like the limitations found using monoclonal cancer cells in culture and as 

histological evidence suggests, biopsy location does matter in molecular profiling in 

squamous cell carcinomas of the cervix.  Despite the histologic appearance, we identified 

a set of location-specific genes that differentiate the site of biopsy.  Our data suggests that 

not all genes are expressed consistently throughout a tumor, but that there are genes that 

are expressed in specific locations.  Thus, assumptions about the behavior of solid tumors 

may be inadequate using only a singe biopsy.  Multiple samples need to be taken and 

pooled in order to get a more precise snapshot of a tumor as a whole.  This finding may 

also be relevant in other solid tumors such as those found in the prostate, colon, breast, 

etc,.   A big advantage of intra-tumor heterogeneity is that it allows for the identification 

of tumor cell subpopulations with varying metastatic potential and prognostic 

significance.   

Inter-tumor Heterogeneity 
 Although we discovered a set of genes that are location specific, we found 

significant similarities between all study patients in the expression patterns at those 

locations.   Out of 30,000 genes, 157 location-specific genes were in common to all three 

of our patients.  In other words, the expression profile of certain genes taken from a 

biopsy of the exocervix from one patient can be compared to that same set of genes on 

the exocervix of another patient.  This suggests that there are genes from the exocervix 
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that might be reflective of the biology at the deepest, leading edge of the tumor.  The 

clinical implication is that a pre-surgical biopsy from the exocervix could be used to 

determine tumor biology at the deepest edge of a tumor.  Even though genes are variable 

from different locations, we are still able to use genetic profiling to make comparisons 

between patients as long as the biopsy is taken at the same site.  Although other studies, 

as well as ours, have suggested tumor heterogeneity, we are the first to identify location-

specific genes that do not change from patient to patient.  The implication from this 

finding is that although heterogeneity is present, using location-specific genes allow 

comparisons to be made between patients.   

Clinical Relevance 
 We also identified gene expression values that remain unchanged in exocervical 

and deep cervical biopsies suggesting that genetic information from the exocervix is 

reflective of the biological activity in the deeply invading and inaccessible portion of the 

tumor. Certain genes from the exocervix are consistent with genes of the endocervix.  

IPA identified Jun at the center of many of the key pathways of the genes with similar 

expression values in both exocervical and deep biopsies. Jun, while repeatedly appearing 

in our analysis of cervical cancer, may not be specific for cervical cancer, but may play a 

major role in its genesis.  Jun mediates DNA binding, dimerization, and transcriptional 

activation.  Jun forms homodimers or heterodimers with Fos and binds to the activating 

protein 1 (AP-1) sites in the promoter for transactivation.  HPV E7 binds to c-Jun and 

increases transcriptional activation and transformation of HPV-infected cells 108,109.  

Additionally, the HPV genome has an AP-1 site in its promoter region and early 

transcriptional regulation of early viral gene products are under control of jun 110.  V-Jun 

is the viral mutated form of cellular Jun (c-Jun) and has been found to induce tumors in 

animal models 111.  Jun is involved in many cellular processes including apoptosis, 

differentiation, transformation, proliferation, mitosis, survival, transcriptional activation, 

etc.     
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 The molecular signature of a tumor, obtained from an accessible exocervical 

biopsy, may be useful in individualizing therapy to optimize tumor control while 

minimizing treatment morbidity.  Currently, tumor characterization occurs after surgical 

intervention.  Overall, our data support our hypothesis that site of biopsy is an important 

factor for molecular profiling studies.   

 Further studies comparing the GeneChip data from the deeply invasive patient 

samples (chapter 2) to the no change genes in our exocervical biopsies from chapter 3 

will narrow down the potential gene candidates which are expressed on the exocervix that 

have implications in differentiating superficial from deeply invading tumors.   

 These studies will provide a molecular signature of cervical cancer that can be 

used for mechanistic studies of the unique genetic changes of families of genes that 

define the stages of cervical cancer.  As the molecular signature technology develops, we 

can move beyond improved diagnosis to improved therapy. Our preliminary analysis may 

help to identify novel potential targets for new therapies, so we can offer patients with 

different molecular signatures more precisely tailored treatment regimens.  
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CHAPTER 4: FUTURE STUDIES 

 
 

EXPANDING THE DATA   
 The current trend in biomarker discovery is shifting away from the “Holy Grail” 

ideology of biomarker discovery to multi-arrays with many genes to profile patients.  The 

development of cancer is a complex process whereby multiple carcinogenic events ensure 

adaptive cells that can respond to a changing microenvironment.   Moreover, tumor 

heterogeneity and genetic variability make the discovery of one molecule to target or 

characterize all people with a certain tumor less likely.  For this preliminary study, we 

limited our patient selection to tumors of squamous origin.  Eighty percent of all cervical 

carcinomas originate in the squamous epithelium, however, there are other cell types that 

are affected by cervical cancer including adenocarcinomas of the cervix, neuron-

endocrine cancers of the cervix, or mixed cancers of adenatomous and squamous origin.  

Additionally, we selected tumor tissues with greater than 70% stroma to cancer cell 

ratios, less than 2% necrosis, and less than 5% lymphocytic infiltration.  Not all tumors fit 

these criteria and may lead to increased variability when applied to a larger sample 

population.  Thus, targeting many genes is probably a better option compared to targeting 

a single molecule.    

 Commercially available arrays to detect breast cancer are becoming readily 

available for research and diagnostic purposes.  Various platforms are now available that 

overcome the issues of sample quantity, but it is unknown whether these separate 

platforms are comparable.  Even within this study, the first generation Affymetrix 

GeneChips (HG_U133A and HG_U133B set) used in differentiating tumors by risk of 

recurrence (chapter 2), were different from the newer generation Affymetrix GeneChips 

(HG_U133 2.0) used in the heterogeneity study (chapter 3) and are not directly 

comparable.  Other real-time PCR platforms for large scale validation have entered the 

market, but validation needs to be performed before large scale implementation for this 
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study.   MammaPrint (The Molecular Profiling Institute, Inc.) is the first diagnostic 

microarray kit that is 97% accurate in predicting which lymph node negative breast 

cancer patients are at risk for metastasis based on a 70 gene profile 112.   While multi-

arrays offer the added advantage of screening many genes simultaneously, they still 

require high quality and quantity of mRNA from freshly obtained, frozen biopsies.  The 

advantage of a PCR-based approach is that archival FFPE tissues can be used.   

 In this study, we used qRT PCR to validate a few gene candidates.  Currently, 

there are new qRT PCR platforms that allow the screening of many genes 

simultaneously.  Oncotype DX (Genomic Health, Inc.) is one such recently-introduced 

diagnostic technology that scores breast cancer patients on the basis of risk of recurrence 

using real time PCR to screen 21 genes.  With further validation of our 98 gene dataset on 

an expanded, heterogeneous population, we believe this technology can be applied in a 

similar manner to cervical cancer. 

STATISTICAL ANALYSIS  
 Since this study was designed, there have been vast improvements in the 

statistical analysis of GeneChip data.  Support vector machines (SVMs) are based on 

simple ideas that originated in the area of statistical learning theory 113.  The simplicity 

arises from the fact that SVMs apply a transformation to highly dimensional data to 

enable researchers to linearly separate the various features and classes.  Luckily, the data 

transformation allows researchers to avoid calculations in the high dimension space.  The 

popularity of SVMs owes much to the simplicity of the transformation as well as their 

ability to handle complex classification and regression problems.  SVMs are trained with 

a learning algorithm from optimization theory and tested on the remainder of the 

available data that were not part of the training dataset 114.  The main aim of support 

vector machines is to devise a computationally effective way of learning optimal 

separating parameters for two classes of data.  SVMs use an implicit mapping of the input 

data, commonly referred to as Φ, into a highly dimensional feature space defined by some 

kernel function.  The learning then occurs in the feature space, and the data points appear 
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in dot products with other data points 115.  One particularly nice property of SVMs is that 

once a kernel function has been selected and validated, it is possible to work in spaces of 

any dimension.  Thus, it is easy to add new data into the formulation since the complexity 

of the problem will not be increased by doing so.   

 Some of the advantages of SVMs versus other techniques are that SVMs produce 

a unique solution, they can deal with large quantities of seemingly dissimilar information, 

and the computations are quicker than other machine learning techniques because the 

discriminant function is characterized by only a small subset of the training data.  Thus, 

SVMs are highly promising for use as a biomarker discovery tool.  They are gaining 

popularity because of their good performance in real-world applications.  SVMs are also 

robust in high dimension which is essential for creating accurate biomarkers.  SVMs are 

also based on sound theoretical foundations which means they are a reliable choice for 

building biomarkers.  Non-traditional data such as trees which are the output of 

hierarchical clustering can be used as input to SVM which makes them ideal candidates 

for application with large sets of GeneChip data.   

PROTEOMICS 
 Ultimately, the goal is to develop a clinically applicable diagnostic test to 

determine risk of recurrence in stage IB1 carcinomas of the cervix.  Gene expression 

platforms have allowed the monitoring of thousands of mRNA’s simultaneously.   

However, messenger RNA is quite unstable.  Handling of tissue biopsies is an important 

variable in obtaining good quality RNA requiring a timely transition from the operating 

room (or clinic) to the laboratory.  This is often an impractical scenario in many 

laboratories.  An alternative to RNA is to identify highly stable downstream metabolites 

and proteins indicative of risk.  Unfortunately, the correlation coefficients between RNA 

and protein expression are less that 0.5 116.  Complementing the field of genomics, 

proteomic analysis can be used to elucidate both protein pool levels and post-translational 

modifications in cancer development and progression. Changes in protein levels may, 

therefore, be correlated to changes observed in corresponding mRNA levels that are 



 

 88

detected in the GeneChip arrays.  Further, post translational modifications such as 

methylation and glycosylation have been found to be involved in cancer diagnosis and 

prognosis 117.  For example, protein modification by glycosylation is found in several 

cancers including colorectal cancer118. This finding is important because glycosylation is 

a post-translational change that may influence cancer cell behavior, but not necessarily 

affect the mRNA or protein level and cannot be studied genetically. Moreover, cells can 

alter their proteome in response to changes on the tissue microenvironment, a 

phenomenon that makes proteomic analysis an essential component of oncology research.  

In esophageal carcinoma cell lines, proteomic differences have been reported between 

transformed (from normal epithelium) and immortalized cell lines suggesting that these 

differentially expressed proteins might play a role during malignant transformation.119 An 

interesting observation is that in all these normal to cancer transformation studies, certain 

changes are typical of all cancers, while others are unique to each cancer, the latter 

representing a true cancer signature. Thus, we propose to validate the genomic findings at 

the protein level.   

 We propose obtaining protein from superficially and deeply invasive biopsy 

tissues.  These proteins can be positively identified with the peptide mass fingerprinting 

technique called Matrix-Assisted Laser Desorption Ionization Time of Flight (MALDI-

TOF).  Using 2-D gel electrophoresis, we can identify proteins unique to the IB1 SCCA’s 

at high risk of recurrence.  Two-dimension gel electrophoresis allows the screening of 

1200 to 1500 genes simultaneously 120.  Already, our laboratory has been able to identify 

a unique pattern of proteins expressed in the carcinoma tissues in comparison with the 

adjacent normal epithelium.   

 To further expand this validation to multiple readily available samples, we plan 

on utilizing core samples from FFPE tissues to generate tissue micrarrays 121.  Multiple 

sections can be combined made from one block containing multiple cancer specimens.  

Tissue microarrays will allow us to validate our GeneChip data with the use of labeled 

RNA and DNA probes or antibodies to screen multiple samples simultaneously.   
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 While biopsy material is accessible from the cervix in the clinical setting, a less 

invasive procedure for determining risk would be optimal.  Serum proteins from a blood 

draw or metabolites found in urine would be a better option for obtaining risk 

information.  We have identified unique proteomic profiles in serum from women with 

dysplasia compared to normal control serum obtained from women with normal pap 

smear.  Once our genomic dataset is validated in a larger, heterogeneous population of 

IB1 carcinomas, we will be able to identify secreted protein candidates using IPA 

software that might be present in a more accessible body fluid such as serum, saliva, or 

urine. 

CLINICAL APPLICATION 
 Currently, adjuvant therapies such as radiation and chemotherapy do not 

differentiate between normal and cancer cells.  The collateral damage resulting from the 

non-specific effects of such therapies can lead to multiple adverse effects.  

Bioinformatics is a promising field for cancer diagnostics.  The potential to individualize 

treatment and decrease non-specific effects make the applicability of this technique 

monumental.  However, the transition from basic science research and patient 

management must overcome several obstacles.  Cross study meta-analysis is difficult due 

to incompatibilities of study design, incompatibilities in array platforms, and statistical 

analysis.   Study design is an important factor in comparing studies.  For example, two 

studies done at the same hospital looking at the disease progression markers in breast 

cancer found different results.  One study enrolled women under the age of 55 and the 

other study enrolled all available patients 122,123.   Additionally, retrospective studies are 

difficult because detailed clinical information is often incomplete 124.  There are new 

initiatives aimed at standardizing gene expression datasets.  The MIAME (Minimum 

information About Microarray Experiment) allows complete array datasets to be 

uploaded and publicly available for combined analysis 125.  Future advances in sample 

processing, microarray technology, and statistical analysis will aid in the practical 

application of gene array data to individualize patient care in the clinic.   
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