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Genomic and Genetic Profiling of Oral Squamous Cell Carcinoma Progression and 

Metastasis 

Abstract 

Oral squamous cell carcinoma (SCC) is the 6th most common malignancy in the US and 

is often associated with a history of tobacco and alcohol use. Five year survival and 

prognosis remain poor at 60-80% with the outcome becoming bleaker upon metastasis to 

the cervical (neck) lymph nodes (25-40%). Oral SCCs are preceded by oral dysplasias 

(precancers), but not all oral dysplasias turn malignant.  Thus, challenges facing oral 

cancer surgeons and oncologists include prediction of which dysplasias will undergo 

malignant transformation and which tumors will metastasize to the neck. Therefore there 

is an urgent need to identify accurate biomarkers to aid in the treatment and management 

of patients with oral cancers or pre-cancers. This thesis research addressed these 

problems by assessing whether genomic DNA copy number measurements could provide 

such markers.  As described below, the work has culminated in the identification of two 

oral SCC subtypes that differ in clinical behavior, specifically the risk of metastasis.  The 

genomic copy number biomarker is suitable for stratifying patients for risk of metastasis 

prior to surgery and so can guide surgical planning for one of the most challenging 

treatment decisions – how to treat patients with clinically node-negative (N0) necks.  

Current clinical practice recommends removal of the cervical lymph nodes at the time of 

surgery to resect the tumor, because salvage of patients who subsequently develop lymph 

node metastasis has a poor success rate.  Identification of patients with low risk for 

metastasis would spare them additional major surgery with its risks and morbidity, as 

well as reduce medical costs.  A molecular marker for metastasis risk will also inform 

follow up management of oral cancer patients.  
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Introduction  

The prognosis of patients with oral squamous cell carcinoma (SCC) has remained 

relatively unchanged for several decades. While the 5 year survival of metastasis free 

patients remains at 60-80%, survival reduces to 25-40% when metastatic tumor is present 

in cervical lymph nodes. The biologic behavior of oral SCC is unpredictable.  Currently 

treatment is guided by the UICC TNM system, but this has not been very successful or 

accurate at predicting survival or prognosis. The mainstay of treatment is surgical 

removal of the tumor and cervical lymph node dissection.  If there is evidence of residual 

tumor or neck involvement, postoperative radiation and chemotherapy are used to reduce 

the chance for local recurrence and/or regional failure in the lymph nodes.  Surgery and 

radiation therapy are both associated with severe, progressive complications. Therefore 

there is an acute need to identify biomarkers that can accurately detect metastasis. The 

goal of this project was to identify predictive markers of oral SCC metastasis.  We 

undertook two approaches.  In the first, we took advantage of the fact that oral SCCs are 

commonly characterized by recurrent DNA copy number aberrations (CNAs), which 

often result from unbalanced translocations, amplifications and deletions. (Akervall, 

2006). Since tumor progression is associated with multi-step genetic, genomic and/or 

epigenetic changes, we hypothesize that the spectra of genomic alterations present in 

metastatic compared to non metastatic oral SCCs differs.  These differences were used to 

identify genomic biomarkers that could detect metastatic potential in an oral SCC.  In the 

second approach, we investigated whether the stroma of metastatic and non-metastatic 

tumors differs and therefore whether these differences can be exploited to develop 

biomarkers of metastasis. 
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Oral squamous cell carcinoma 

In 2008, an estimated 47,500 people were diagnosed with head and neck cancer in the 

United States, representing approximately 3% of new cancer diagnoses, and an estimated 

11,260 people died from this disease (Jemal et al., 2008). Oral squamous cell carcinoma 

(SCC) is mainly a disease of older men, 90% being in the over 45-year-age group who 

are exposed to the known risk factors of tobacco and/or alcohol (IARC, 2004). Although 

there has been a reduction in the overall incidence of head and neck SCC (HNSCC), a 

recent analysis of SEER data from 1973-2001 showed an annual increase in the incidence 

of oral tongue, base of tongue and tonsil cancer of 2.1% in 20- to 44-year-old white 

patients, while the overall incidence of SCC at other oral cavity and pharyngeal sites 

declined (Shiboski et al., 2005).  

Head and neck SCC includes cancers of the oral cavity, larynx and pharynx. 

(IARC-WHO 2002) (Mignogna et al., 2004). Oral SCCs are distinct from other HNSCCs 

such as tonsillar, laryngeal or base of tongue in their embryologic origin, etiology, 

clinical presentation and behavior, response to treatment, bio-environment, survival and 

prognosis (Dobrossy, 2005, Timar et al., 2005). In particular, the prevalence of human 

papillomavirus (HPV) in oral SCC is relatively low about 2-5% (Smith et al., 2004, 

Ritchie et al., 2003) in comparison to tonsillar SCC where the prevalence of HPV 16 and 

18 is up to 60% of cases. (Mork et al., 2001, Sugerman and Shillitoe, 1997, Fakhry et al., 

2008). Thus, various studies of HNSCC as a group are likely to have been confounded by 

inclusion of at least two distinct disease entities. Indeed, it has been proposed that oral 

cavity and oropharyngeal tumors are initiated by separate molecular pathways, exposure 

to environmental carcinogens (modifiable life-style risk factors such as tobacco and 

alcohol use) and HPV infection, respectively (Smeets et al., 2009).On the other hand, 
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there are  25 % of patients who present with oral cavity cancer who are non-smokers and 

non-drinkers (Blot et al., 1988), and it is possible that oral SCC in these patients develop 

along yet a third molecular pathway. 

 

Current management of oral SCC 

Once a diagnosis of SCC is established based on the histopathologic evaluation of the 

biopsy specimen, plans are made for clinical management.  The mainstay of treatment is 

surgical removal of the tumor coupled with cervical lymph node dissection. Oral SCC 

patients are evaluated for possible cervical metastasis by clinical and radiographic 

examination.  Because of the high and unpredictable rate of cervical metastasis and the 

possibility of occult metastasis, even when the radiographic studies are negative, a neck 

dissection is often performed to evaluate histologically the lymph nodes for metastasis 

and to remove the nodes in the case of occult metastasis (Baatenburg de Jong et al., 

1993).  In addition to adding time and cost to the operation, some neck dissections that 

compromise the accessory nerve are associated with a number of complications including 

shoulder dysfunction (Genden et al., 2003). Tumor margins are evaluated for residual disease 

and dissected lymph nodes are evaluated for histopathologic evidence of metastasis.  If there is 

residual tumor involvement or positive lymph nodes the patients are then treated with radiation 

and/or chemotherapy.  

While radiation therapy can improve tumor control and survival, radiation therapy to the 

oral cavity and neck produces profound side effects that are both acute and chronic.  

Additionally radiation therapy also adds significant cost to the treatment of oral cancer 

(Konski and Watkins-Bruner, 2004).  Following surgery and radiation therapy patients 

with oral SCC are seen and examined on a regular basis to identify recurrence or 
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metastasis.  Patients are typically followed once every month for the first year, every two 

months for the second year, and once every three months for the third and subsequent 

years for the life of the patient.   

The incidence of metastasis tends to increase with the size of the tumor (Shah, 1990, 

Remmler et al., 1986), and tumor thickness (O'Brien et al., 1986, Kowalski and Sanabria, 

2007, Spiro et al., 1986); however, small oral SCCs can metastasize early and some large 

oral SCCs never metastasize (Remmler et al., 1986, Mignogna et al., 2001).  While it is 

clear that not all oral SCCs metastasize there is no clinical, pathologic or molecular 

marker that can be used to discriminate between oral SCCs that will metastasize and 

those that will not.  

 

Metastasis 

When oral SCCs metastasize, they typically spread to the cervical lymph nodes.  Death 

for oral cancer patients is often due to either local or regional failure.  Distant metastasis 

occurs in late stage disease, and is a rare event compared to cancers of the breast, lung, 

colon and prostate (Ferlito et al., 2001, Puri et al., 2003). More than 50% of patients 

diagnosed with oral SCC present with lymph node metastasis, with about 60% of the 

metastasis free cases reporting lymph node involvement within two years of diagnosis 

(Kowalski and Sanabria, 2007).  

Metastasis requires that primary tumor cells lose adherence to adjacent normal 

and tumor epithelial cells and stroma and migrate toward the lymphatic, or more rarely, 

the blood system.  Entry into the blood or lymphatic system (intravasation) is followed by 

arrest in and subsequently exit from the capillary or lymphatic vessels (extravasation).  At 
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the metastatic site, angiogenesis and interaction with the host stroma is necessary for cell 

proliferation and the formation of macro metastases.  Otherwise, cells may remain in a 

non-proliferative, dormant state.  Thus, it is likely that tissue- and tumor-specific 

characteristics determine whether malignant cells will successfully colonize a distant site.  

As discussed above, oral SCCs typically metastasize locally to the cervical lymph nodes; 

distant, systemic metastasis is less common. 

It is clear that neoplastic cells acquire both genetic and epigenetic changes that underlie 

the altered behavior of the cells.  It has also been appreciated for some time that 

reciprocal communication between the stroma and tumor (or normal epithelial) cells can 

modify behavior of cells in both compartments resulting in normalization or promotion of 

the tumor cells.  Thus, stromal cells, including activated carcinoma associated fibroblasts 

(CAFs), endothelial cells, infiltrating leukocytes and other mesenchymal cells unique to 

each organ site are likely contributors to, or regulators of, development of pre-neoplastic 

lesions, promotion to malignancy and neoplastic progression to metastases (Mueller and 

Fusenig, 2004).   

In breast cancer, expression profiling has distinguished favorable and unfavorable 

prognosis based on expression from the entire tumor cell population, suggesting that 

genetic changes in the tumor dictate capability to metastasize.  Breast cell populations 

have been selected that metastasize to particular organs and organ-specific functional 

involvement of some genes identified.  If tumor and stroma have co-evolved then these 

studies suggest (1) that genomic alterations might be discovered that distinguish oral SCC 

likely to metastasize, and (2) that the primary and metastatic microenvironments should 

be similar so that examination of the tumor associated stroma of metastatic and non-

6



metastatic tumors could both reveal biomarkers of metastasis as well as predict likely 

sites of colonization. (Chambers et al., 2000, Mueller and Fusenig, 2004). 

 

Molecular events well established to contribute to oral carcinogenesis and metastasis 

 
Genomic alterations in oral SCC 

Genomic alterations in oral SCC and oral dysplasia have been studied extensively using 

cytogenetics, chromosomal CGH and loss of heterozygosity (LOH) approaches.  

Sidransky and colleagues have proposed a genetic progression model for head and neck 

SCC (Califano et al., 1996, Sidransky, 1995). They reported that LOH of chromosomal 

region 9p21 was the most common genomic aberration in 70-80% dysplastic lesions of 

the oral mucosa- suggesting this was an early even in oral carcinogenesis (Califano et al., 

1996, Mao et al., 1996, van der Riet et al., 1994). LOH of 3p is another common early 

event in epithelial carcinogenesis (Garnis et al., 2003, Masayesva et al., 2004). On the 

other hand LOH at 13q and 8p are observed more frequently in carcinomas than 

dysplasias and are considered later events in carcinogenesis (Califano et al., 1996). LOH 

of 9p21 is believed to be an early event in squamous neoplasia of the head and neck and 

has been found in preneoplastic lesions, including 30% of cases of squamous hyperplasia 

(Mao et al., 1996, Rosin et al., 2000, van der Riet et al., 1994). LOH of chromosome 

region 17p and mutation of the TP53 gene are genetic alterations that are found in the 

later stage of progression from dysplasia to invasive SCC. TP53 alterations including 

deletion and mutation are associated with increased genomic instability in oral cancer and 

may accelerate the rate of genetic alterations in oral SCC carcinogenesis. Amplification 
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at 11q13 and overexpression of cyclin D1 occur in about 40% cases of squamous 

dysplasia (Rousseau et al, 2001). Recently, Snijders et al. (2005) applied array 

comparative genomic hybridization to the analysis of 89 oral SCC cases using DNA 

extracted from routinely processed clinical formalin fixed paraffin embedded (FFPE) 

specimens. Common recurrent copy number alterations (CNAs) included deletion of 

chromosome arm 3p and 8p and gains of 3q, 8q and 20q.  The regions less commonly 

affected were losses of 4q, 9p, 4p and gains of 5p, 7p, 9q and 14q (Snijders et al., 2005a).  

This spectrum of copy number alterations was consistent with earlier lower resolution 

studies carried out using chromosome CGH or low density genomic arrays; however they 

offered new evidence of the presence of recurrent focal amplicons in these tumors 

(Snijders et al., 2005a). Some earlier studies (using chromosome CGH, low density 

arrays) attempted to identify genomic profiles that defined metastatic oral SCCs, but 

these were conducted on primary oral SCCs and their matched lymph node metastases. 

These studies did not detect many significant differences in CNAs  between the primary 

tumor and its metastasis, results which are not unexpected as both are likely to arise from 

the same clonal progenitor and therefore might not be expected to be very different 

genomically (Liu et al., 2006b, Patmore et al., 2004). 

It is also important to note that most studies of oral cancer have been carried out on head 

and neck SCC (HNSCC).  As discussed above, oral SCCs are distinct from other 

HNSCCs such as tonsillar, laryngeal or base of tongue  tumors. Therefore, it is likely that 

the array CGH profiles obtained were not specific to oral SCCs.  Thus, at the present 

time, the power of array CGH does not appear to have been appropriately applied to 

investigate whether genomic copy number profiles can distinguish metastatic and non-
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metastatic oral SCC.  This thesis research addressed this question by identifying and 

profiling non-metastatic (N0) oral SCCs and metastatic (N+) oral SCCs. N0 and N+ oral 

SCCs are distinct in their clinical behavior, response to treatment and prognosis; 

therefore it is reasonable to assume that their genomic profiles will also be dissimilar 

(Rosin et al., 2000, Liu et al., 2006b). 

 

Gene expression profiles of oral SCC 

Another approach to identifying the differences between metastatic and non metastatic 

oral SCCs has utilized microarray technology focusing on the gene expression profiles of 

N0 and N+ tumors (Nagata et al., 2003, Nguyen et al., 2007, O'Donnell et al., 2004, 

Schmalbach et al., 2004). These studies are challenging because ideally RNA isolated 

from fresh tissue is required, whereas most banked oral SCC specimens are formalin 

fixed, paraffin embedded (FFPE)  and not known to yield RNA suitable for expression 

profiling. Perhaps, for this reason gene expression profiling studies have been conducted 

using the heteregenous group of head and neck SCCs with oral SCCs being a subset of 

the tumors analyzed. Since oral SCCs differ from other HNSCCs as discussed above it is 

likely that the sets of metastasis associated genes would differ between tumors in the oral 

cavity and other sites in the head and neck.  Indeed, Chung et al. (2004) reported that the 

predictive accuracy of their gene signature improved from 63% to 83% if oral cavity 

tumors were removed from the analysis (Chung et al., 2004). 

In a recent series of papers focusing on a large cohort comprised only of oral SCCs, 

Roepman and colleagues identified a 102 gene signature of oral SCC metastasis 
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(Roepman et al., 2005).  Subsequently, these authors determined that these genes were 

part of a larger set of 825 genes that predicted lymph node metastasis (Roepman et al., 

2006a, Roepman et al., 2006b).  Moreover, analyses involving 685 of these genes found 

that 12% of the genes were expressed exclusively in the stroma, while 25% were 

expressed only in the tumor.  The metastasis associated stromal genes were up-regulated, 

whereas the tumor genes were down regulated.  The skewed distribution in expression 

impacted ability to predict nodal status in samples with lower percentages of tumor cells.  

Additional studies have found that the expression profiles of primary tumors and their 

lymph node metastases are very similar (Mendez et al., 2007, Roepman et al., 2006a, 

Weigelt et al., 2005).  Taken together these observations suggest that the 

microenvironments of the primary and metastatic sites are similar and draw attention to 

the stroma as a source of biomarkers for detecting lymph node metastasis in oral SCC. 

 

Role of stroma in metastasis 

Tumor progression has been recognized as the product of an evolving crosstalk between 

different cell types within the tumor and its surrounding supporting tissue or tumor 

stroma (Mueller and Fusenig, 2004). The tumor stroma consists of the extracellular 

matrix (ECM), as well as cellular components such as fibroblasts, immune cells, 

inflammatory cells and blood vessel cells. Cancer cells can alter their adjacent stroma to 

form a permissive and supportive environment for tumor progression known as the 

‘reactive tumor stroma’. Among the stromal cells the carcinoma associated fibroblasts 

(CAFs) are of special interest since carcinoma cells induce normal fibroblasts to the CAF 

phenotype. These CAFs in the reactive stroma synthesize smooth muscle actin, ECM 
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components collagen I, III, fibronectin, tenascin and versican. They also express 

proteases including uPA, MMPs and FAP causing ECM remodeling leading to 

stimulation of cancer cell growth and migration (Brown et al., 1999, Lagace et al., 1985). 

Additionally CAFs secrete growth factors that promote angiogenesis and 

lymphangiogenesis (Koyama et al., 2008, Orimo et al., 2005). CAFs have been 

implicated in the progression of breast, prostate and pancreatic cancers (Iacobuzio-

Donahue et al., 2002a, Iacobuzio-Donahue et al., 2002b, Tuxhorn et al., 2002). CAFs 

have been cultured from the stroma of oral SCCs and shown to express enhanced levels 

of TGFβ1 and MMP14 (Liu et al., 2006a, Rosenthal et al., 2004a, Rosenthal et al., 

2004b). Thus, this component of the primary tumor stroma may be informative for 

discriminating between N0 and N+ tumors. 

 

Summary and significance 

Since tumor progression is associated with multi-step genetic, genomic and/or epigenetic 

changes, it is highly probable that the spectra of genomic alterations present in metastatic 

compared to non metastatic oral SCCs differ.  On the other hand, the importance of the 

tumor microenvironment is becoming increasingly more apparent and the stroma is likely 

to participate in defining the metastatic niches that tumor cells might occupy.  

Identification of either genomic or stromal differences between N0 and N+ tumors could 

be employed to diagnose and detect metastasis in the clinical setting, as well as 

suggesting treatment protocols. 

We have outlined a dual approach to identifying candidate biomarkers capable of 

distinguishing between N0 and N+ oral SCC.  The first approach is motivated by our 
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hypothesis that the spectra of genomic alterations present in metastatic compared to non 

metastatic oral SCCs differs.  Therefore, we undertook a retrospective study and 

evaluated N0 and N+ tumors for genomic copy number differences.  The second 

approach is based on the hypothesis that the tumor stroma, in particular the CAFs 

associated with N0 and N+ tumors differ.  To investigate this hypothesis we 

prospectively collected and characterized N0 and N+ associated CAFs and NFs. 
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Chapter 2: Results and Discussion 
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1. Genomic copy number measurements of oral dysplasia and SCC – assembly of 

cohorts. 

We applied array comparative genomic hybridization (array CGH) to determine the 

genome-wide spectrum of copy number gains and losses in dysplasia and SCC cohorts to 

identify CNAs that might discriminate dysplasia from SCC and SCC with differing risk 

for metastasis.  Prior work in the laboratory had profiled a group of 89 oral SCCs 

(cohort#1) lacking clinical information (Snijders et al., 2005b) and a smaller number of 

oral dysplasia.  To address the objectives of the thesis, a second cohort of oral SCCs 

(cohort#2) was assembled with complete clinical information by identifying cases with 

five year follow up from the oral cancer tissue bank (OCTB) at UCSF.  Inclusion criteria 

were oral cavity sites only with no chemotherapy or radiation prior to surgery, and tumor 

size ≥ 1.0 cm in order to maximize DNA yield for performing array CGH.  From about 

2500 cases in the OCTB, we identified 58 non-metastatic (N0, metastasis free for 5 years 

after diagnosis) and 96 metstatic (N+, metastatic at diagnosis or within 5 year follow up) 

SCCs diagnosed from 1998 – 2005. We also queried clinical records in the departments 

of Oral and Maxillofacial Surgery and Head and Neck Surgery and identified 14 N0 and 

7 N+ tumors and 12 N0 and 21 N+ tumors from these sources, respectively. Our final 

tally of identified cases was 84 N0 and 149 N+ cases. We successfully accessioned these 

tissue blocks from 71 N0 and 82 N+ cases from the Department of Pathology. Upon 

review of H&E sections from the blocks we found 40 N0 and 48 N+ cases to have 

sufficient tissue for performing the array CGH protocol.  
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2. DNA isolation and array CGH 

DNA was extracted from formalin fixed paraffin embedded (FFPE) archival blocks for 

88 oral SCCs using established methods ( Snijders 2003). 64 oral SCCs were found to 

have sufficient DNA concentrations for genomic analysis and we obtained array CGH 

profiles for these cases.  Subsequent verification of date of metastasis from the Cancer 

Registry revealed that 14 profiled tumors had been incorrectly classified as N0 

progressing to N+, as the patients had developed recurrent primary tumors, not 

metastases.  Thus, on reclassifying, CGH profiles were available from 40 N0 and 23 N+ 

cases (Table 1).  One case was eliminated due to poor CGH data.   

 

3. Dysplasia cohort 

Dysplasia cohorts for this project included 39 oral dysplasia samples, 29 with no known 

association with cancer and 10 that either subsequently progressed to cancer or appeared 

at the site of a previous cancer (Table 2).  Dysplasia progression data was obtained from 

the OCTB and clinical records in the Department of Orofacial Sciences. DNA isolation, 

array CGH and data analysis were performed using the same techniques described for 

cohort#2 

 

4. Genomic analysis of oral dysplasia and oral SCCs.   

Dysplasias not associated with cancer: In dysplasias not associated with cancer, we 

found four regions of low level aberration (e.g. single copy gain and loss) to be present in 
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≥ 20% of cases (Figure 1A), including gains at 3q24-qter, 8q12-q24.2 and chromosome 

20, and loss at 8pter-p23.1 (Table 3).  The majority of the dysplasia cases (79%) harbored 

one or more of these recurrent aberrations, suggesting that these cases comprise a group, 

the 3q8pq20 subgroup.  We observed a low frequency of additional aberrations in these 

dyplasia cases in addition to +3q, -8p, +8q and +20 (Figure 1C).  The remaining 21% of 

cases lack +3q, -8p, +8q and +20 and only rarely had other regions of aberration.  We 

term these the non-3q8pq20 subgroup.  Dysplasia grade and TP53 mutation status were 

not associated with one subgroup or the other (Figure 1C). 
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Figure 1: Copy number aberrations involving 3q, 8p, 8q and chromosome 20 are 
frequent in oral dysplasia and occur at similar frequency in oral SCC. (Legend on next 
page) 
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Figure 1 legend 

(A and B) Frequency of copy number aberrations shown in genome order for each clone 
in 29 oral dysplasia samples with no known association with cancer (A) and oral SCC 
cohort#1 (B).  We indicate gains by the red bars ranging from 0 to 0.6, and losses, by 
blue bars ranging from 0 to -0.06.  Chromosome boundaries are indicated by vertical 
lines. 
 
(C and D) Hierarchical clustering based on genome-wide DNA copy number profile of 
29 oral dysplasia samples with no known association with cancer (C) and oral SCC 
cohort#1 (D).  We generated heatmaps by unsupervised clustering of samples on 
trichotomous gain/loss/normal data for the autosomes.  We used Euclidean distance d as 
the distance metric and Ward’s linkage as the agglomeration method.  We represented 
individual clones as rows and ordered them by chromosome and genome position 
according to the May 2004 freeze of the human genome (hg17).  Clones on the p-arm are 
indicated either in light blue or yellow, and clones on the q-arm in dark blue or green.  
We show acrocentric chromosomes in green or dark blue.  Columns represent individual 
tumor samples.  We colored gains and losses red and blue, respectively and focal 
amplifications yellow.  We indicated dysplasia grade (mild, light blue; moderate, dark 
blue; severe, purple) and the TP53 mutation status of cases (TP53 mutant, dark blue; no 
detected mutation, light blue; TP53 status unknown, white).  
 

(E) Frequencies of gains of 3q, 8q, 20 and loss of 8p in oral dysplasia and SCC 
normalized to the total number of aberrations at these loci in each cohort.  

(F) Frequency of 3q8pq20 and non-3q8pq20 cases in oral dysplasia and SCC. 
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Oral SCCs: We noted that gains of 3q, 8q, 20 and loss of 8p were also frequent 

aberrations in the SCC cohort#1 (Figure 1B), as well as in the independent set of 63 oral 

SCCs in cohort#2 (Figure 2).  Each of these aberrations occurred at a similar frequency in 

the two SCC cohorts as in the dysplasia cases (Figure 1E, Table 4).  Moreover, the 

frequency of tumors harboring one or more of these aberrations was similar to the 

frequency in dysplasia (Figure 1F, 67% and 79% SCC cohort#1 and cohort#2, 

respectively).  In the SCCs, we also observed additional recurrent gains and losses.  For 

example, in SCC cohort#1, 11 loci that occurred in ≥15% of cases included -3p, -4p, -4q, 

+5p, -5q, +7p, -9p, +11q13, -18q, -21q and a loss at 8p12 that maps proximal to the 

region of loss at 8p shared by dysplasia and SCC (Figure 1B).  Hierarchical clustering of 

the SCC cohorts revealed that recurrent low level gains and losses were not uniformly 

distributed among the SCC cases (Figures 1D and 2).  For example, the median number 

of these recurrent copy number aberrations in SCC cohort#1 as a whole was 2 (range 0-

13), 26 tumors (29%) harbored ≥5 of these copy number changes or 69% of the total 

number of these recurrent aberrations (203/295).  Separating the oral SCCs into 3q8pq20 

and non-3q8pq20 types (Figure 3) revealed that the recurrent aberrations were more 

frequent in the 3q8pq20 group (median = 4, range 1-13) than the non-3q8pq20 tumors 

(median = 0, range 0-7).  In cohort#1 for which the mutational status of TP53 had been 

assessed, mutations in exons 5-8 of TP53 were more frequent in the 3q8pq20 group 

compared to the non-3q8pq20, but the difference was not significant (Fisher's exact test 

p-value = 0.12). 
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Figure 2. Copy number aberrations in oral SCC cohort#2.  Frequency plot (top) and hierarchical 
clustering of cases showing nodal status (bottom) as in Figure 1. 
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Dysplasias associated with cancer: Analysis of a limited number of dysplasia cases 

(n=10) that progressed to cancer or arose at the site of a previously treated cancer 

revealed that 3q8pq20 and non-3q8pq20 types were present in similar proportions as in 

the dysplasia cohort with no known association with cancer and in the SCC cohorts, 70% 

and 30%, respectively (Figures 1E, F and 4).  Although the median number of recurrent 

copy number changes in this group was only modestly larger than in the dysplasia with 

no known association with cancer (median = 2.5 compared to median = 2), additional 

losses at 3p, 5q, 9p and 13q were present in ≥ 30% of cases.  

 

5. Amplicons in oral dysplasia and SCC.   

Dysplasia genomes harbored amplifications, defined as focal regions of higher level 

increased copy number.  Previously, the laboratory had reported that oral SCCs typically 

amplify narrow regions of the genome (< 3 Mb) and identified 18 such recurrent 

amplicons (Snijders et al., 2005b).  In the 29 dysplasia cases with no known association 

with cancer, we found two of these amplicons at 11q13 (CCND1, PAK1) and 20p12.2 

(JAG1) to be present, as well as amplification at 2q11.2 in two dysplasia cases and two 

non-recurrent amplicons at 20q13.33 and 21q21.3 (Figure 1C and Table 5).  The 

amplification at 21q21.3, however, spans a region that is gained in ≥15% of SCC cases 

and a likely driver gene for this amplicon is MIR155.  Although the 2q11.2 amplicon had 

not been observed previously in SCC cohort#1 as a recurrent amplicon (Snijders et al., 

2005b), it has been reported in an oral SCC cell line (Hermsen et al., 2005) and was 

recently reported by others in dysplasia (Garnis et al., 2009).  The recurrent amplicons 
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are present in both 3q8pq20 and non-3q8pq20 dysplasia and SCC genomes (Figures 1-4), 

and thus their formation appears to be mediated by processes independent of those 

driving low level gains and losses.  

 

6. Two routes to oral cancer.   

Considered together the distribution of copy number aberrations in dysplasia and SCC 

suggest that there are two routes to oral cancer, one associated with greater genome 

instability and acquisition of +3q, -8p, +8q and/or +20 in pre-malignant stages and the 

other lacking chromosomal level instability that can be detected by CGH (Figure 5).  

Gains of 3q, 8q and 20 or losses of 8p appear to contribute to enhanced proliferation 

and/or disruption of differentiation that characterize the histopathologic diagnosis of 

dysplasia, whereas additional recurrent aberrations are necessary for tumor formation.  

Nevertheless, although these additional aberrations are rare in dysplasia, we found only 

the region +7pter-p11.2 (FDR adjusted p-value = 0.036) to be significantly more frequent 

in SCCs compared to the 39 dysplasia cases, suggesting that up-regulation of genes in 

this region including EGFR is a late event in tumor progression.   

 

7. Association of 3q8pq20 status with clinical parameters  

We investigated whether the 3q8pq20 and non-3q8pq20 subtypes differed in their clinical 

behavior.  For this purpose, we assigned cases from cohort#2 to the 3q8pq20 subtype if 

one or more of the aberrant regions at 3q, 8p, 8q and 20 as defined by occurrence at 
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≥20% frequency in the dysplasia cohort with no association with cancer was present.  

Analysis of 3q8pq20 status and clinical characteristics in cohort#2 revealed a highly 

significant association of 3q8pq20 status with nodal status (2-sided Fisher's exact test 

p<0.006; odds ratio 11.5), i.e. neck metastasis was present in 46% (22/48) of 3q8pq20 

tumors and in only 7% (1 of 15) of non-3q8pq20 tumors.  We observed a more modest 

association with age, non-3q8pq20 tumors were more frequent in older patients, but there 

was no association with other features such as tobacco or alcohol use, or tumor thickness 

(Table 6).  Considering cohort#2 as one group, i.e. not separating cases according to 

3q8pq20 status, we observed that tumors in patients with positive nodes were 

significantly associated with increased numbers of whole chromosome copy number 

changes (p=0.04), fraction of the genome gained (p=0.007) and fraction of the genome 

altered (p=0.02).  This observed enhanced genome instability associated with nodal status 

is consistent with and likely reflects the significantly higher metastatic rate of the 

3q8pq20 tumor subtype with its higher frequency of copy number aberrations.  Fraction 

of the genome gained and fraction of the genome altered were also associated with 

alcohol use (current vs. previous vs. ever, p=0.035, p=0.02, respectively) and tumor 

thickness (p=0.03, p=0.04, respectively). We also analyzed cohort#2 based on lymph 

node status and found  a significant association between positive nodes and tumor size ≥ 

2.7 cm (p=0.018) and tumor thickness ≥ 1.3cm ( p=0.01) (Table 7). Other clinical 

parameters tested such as age, gender, tobacco and alcohol use etc. were not significant.  
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Figure 3.  Non-uniform distribution of low level gains and losses among 3q8pq20 and 
non-3q8pq20 oral SCC cases.   
(A and B)  Frequency of copy number aberrations for each clone in non-3q8pq20 (A) and 
3q8pq20 (B) cases in SCC cohort#1 as in Figures 1A and B (excluding regions on 3q, 8p, 
8q and 20 used to assign cases to each group).  
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Figure 4. Copy number aberrations involving 3q, 8p, 8q and chromosome 20 are frequent in oral 
dysplasia with cancer. 
 
(A) Frequency of aberrations plotted as in Figures 1A and B. 
 
(B) Hierarchical clustering based on genome-wide DNA copy number profiles of oral dysplasia 
samples associated with a previous and/or subsequent cancer as in Figures 1C.  Dysplasia grade 
and TP53 mutation status are indicated as in Figure 1C.  Cases with a previous cancer are 
indicated in light blue, a subsequent cancer in dark blue and both a previous and a subsequent 
cancer in pink. 
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Figure 5: Two routes to cancer progression model 

Possible origin and progression of dysplastic lesions to cancers are differentiated by acquisition 
of +3q, -8p, +8q and/or +20 in dysplasia, which subsequently progress to 3q8pq20 oral SCC.  
Other lesions lacking these aberrations progress to non-3q8pq20 SCC.  The 3q8pq20 and non-
3q8pq20 cancers may arise from different cell types, a stem cell vs. a transit amplifying cell, for 
example. 
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Other lines of investigation provide support for the existence of two different types of 

dysplasia and SCCs, which progress to cancer via different routes.  For example, 

cytogenetic studies have found cultured oral SCCs with simple karyotypes (< 3 numerical 

and/or structural aberrations) in 36% of cases, while the remainder display complex 

karyotypes with mostly unbalanced structural rearrangements and numerical changes (Jin 

et al., 2006) consistent with the distribution of non-3q8pq20 and 3q8pq20, which would 

be expected to correspond to the simple and complex karyotype groups, respectively.  

Primary cultures of oral SCC and dysplasia have also been reported to separate into two 

classes – immortal and mortal (Hunter et al., 2006, Hunter et al., 2005) .  The two groups 

differ in gene expression patterns and genomic instability, and it has been suggested that 

the two types may arise from different cell types. 

 

8. Establishment of CAF and NF cell cultures.  

We established 12 CAF and 25 NF cell lines from prospectively collected primary oral 

SCCs (Table 8).  Characterization of these cultures is on-going (Table 9). The CAFs 

stained strongly positive for smooth muscle actin (SMA) and vimentin (10 CAF cultures 

studied). All CAF cultures except one were negative for cytokeratin (CK), which may 

indicate that the exceptional culture contained tumor cells undergoing epithelial to 

mesenchymal transition or had a small admixed population of tumor cells or 

keratinocytes. On the other hand NFs (17 studied) stained strongly positive for vimentin 

and only mildly positive for SMA. All NFs stained negative for CK. These findings are 

consistent with earlier reports regarding characterization of CAFs and NFs derived from 
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primary tumors (Lebret et al., 2007, Wang et al.). Because there is controversy over the 

genomic stability of CAFs (Zheng et al., 2009), we will carry out DNA copy number and 

allelic imbalance analyses of the CAF genomes, as well as mRNA and miRNA 

expression profiling to begin to investigate the phenotypes of oral CAFs.  We anticipate 

the results will aid in clarifying and distinguishing the molecular characteristics of the 

tumor stroma in N0 and N+ tumors. Recent studies report that changes can be detected in 

the stroma of progressing lesions such as Barrett’s esophagus (Gisselsson et al., 2005), 

suggesting that future studies may identify biomarkers of dysplasia progression or 

metastasis in the stroma.  
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Chapter 3: Conclusions and Future 
Directions 
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Conclusions 

This thesis research has identified two routes to oral cancer in which the tumors are 

distinguished by the presence of aberrations involving chromosomes 3q, 8p, 8q and 20.  

Much attention has focused on regions of genomic imbalance, which are present at 

greater frequency in oral SCCs compared to pre-cancers, as biomarkers of progression 

(Bremmer et al., 2008).  While such markers may be able to report on likely progression 

of 75-80% of lesions that are of the 3q8pq20 type, they cannot provide information on 

progression of the 20-25% of non-3q8pq20 lesions that progress to cancers with stable 

genomes.  Further, the gene expression profiling studies of mortal/immortal dysplasia and 

SCC cultures (Hunter et al., 2006) suggest that routes to oral cancer differ not only in 

genomic instability, but also in pathways that are altered, which will impact response to 

therapy.    

 Importantly, the copy number status of chromosome 3q, 8p, 8q and 20, which 

defines the two oral SCC subtypes, is a potential biomarker for risk of associated neck 

metastasis.  Management of the N0 neck presents a clinical dilemma.  Because of the 

poor prognosis when neck metastasis is discovered after surgical resection of the tumor, 

prophylactic removal of the lymph nodes is recommended for clinically N0 patients.  

Identifying which of these patients have non-3q8pq20 tumors associated with low risk of 

metastasis could spare them the additional major surgery to remove the lymph nodes, as 

well as reducing morbidity and medical costs.  

Early identification of oral SCCs with metastatic potential would profoundly improve 

clinical management of oral SCC.  Oral SCCs that are likely to metastasize would be 
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treated with surgical resection of the primary SCC and a neck dissection to remove the 

regional lymphatics, followed by radiation therapy.  Patients would then be followed by 

an intense tumor surveillance protocol to identify an early recurrence either in the oral 

cavity or the neck.  On the other hand, oral SCCs with minimal or no metastatic potential 

could be managed with significantly less morbidity, decreased cost and improved quality 

of life. 
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Future directions 

1. Validation of 3q8pq20 status as a biomarker of metastasis 

The highly significant association of non 3q8pq20 tumors with lymph node negative 

tumors in this study has identified a possible subset of ‘low risk’ oral SCC that may have 

a lower risk for developing subsequent lymph node metastasis. However there was one 

node positive tumor in this subset of 15 tumors, and therefore the sensitivity and 

specificity of the 3q8pq20 biomarkers is yet to be determined. We have begun the 

process of identifying a new cohort (cohort#3) of oral SCCs to validate the accuracy of 

the above mentioned biomarker. Cohort#3 will be developed in an identical fashion to 

cohort#2 and array CGH will be performed. We are also trying to obtain the clinical and 

metastasis information for cohort#1 in order to test whether non-3q8pq20 status is 

significantly associated with node negative tumors in this dataset as well. 

 

2. DNA methylation profiling of tumors lacking genomic aberrations 

This study has identified two subsets of oral SCC and dysplasias: one harboring genomic 

aberrations and the other without, we are interested in further investigating the likely 

drivers of progression in the subset of tumors and dysplasias that lack genomic 

aberrations. DNA methylation (Ha, 2006) and microsatellite instability (MSI) (Koy 2008) 

are two well established modalities of tumor progression other than DNA copy number 

aberration. However MSI has a low prevalence in head and neck SCC (De Schutter etal., 

2009 ). Moreover a recent array CGH analysis of oral SCC has identified a subset of oral 

SCCs lacking genomic aberrations that are associated with better survival (Smeets, 
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2009). Therefore investigation into methylation profiles of genomically silent tumors and 

dysplasias may reveal genetic pathways affected in this subset, eventually leading to 

biomarker identification to identify ‘good prognosis’ oral cancer patients. 

 

3. Gene expression profiling of cohort#2 

We are currently isolating RNA from oral SCC FFPE blocks to perform mRNA and 

microRNA expression profiling analyses for cohort#2. As discussed earlier, a number of 

gene expression ‘metastasis’ signatures have been identified in HNSCC (Chung et al., 

2004, Roepman et al., 2006a, Roepman et al., 2006b), and we are in a position to develop 

such a signature specific to oral SCC. Our ultimate goal is to utilize multiple molecular 

techniques (array CGH, expression profiling, RT-PCR and immunohistochemistry) to 

develop a comprehensive biomarker of oral SCC metastasis for clinical use. 

 

4. Stromal role in oral SCC progression and metastasis 

Genomic and genetic characterization of CAF and NF cohorts: we are currently profiling 

the established cell cultures for allelic imbalance, DNA copy number alterations, mRNA 

and microRNA expression profiles in order to determine the differences between the 

CAFs and NFs in oral SCC. This will aid in clarifying the stromal distinctions between 

N0 and N+ tumors and ultimately aid in development of a stromal biomarker of 

metastasis. 

5. Dysplasia and carcinoma in situ associated with oral SCC 
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We have identified 24 dysplasias/ carcinoma in situ (CIS) associated with the 63 oral 

SCCs with extensive clinical data (cohort#2). These are regions of dysplasia/CIS that are 

separated from the invasive carcinoma by ≥ 2mm.  To address the question of whether 

dysplasias lacking genomic aberrations progress to oral SCCs similarly lacking copy 

number aberrations, and dysplasias having genomic aberrations progress to carcinomas 

with genomic aberrations. We will determine the genomic profiles of these dysplasia/CIS 

cases using array CGH. Copy number profiles of the dysplasias/CIS will be compared to 

the CGH profiles of their adjacent tumors to determine the similarities and differences 

between the two groups. Moreover as these are matched dysplasia/CIS and tumor 

samples, we anticipate that the genomic profiles will provide direct evidence whether 

dysplasias lacking genomic aberrations indeed do progress to similar tumors and vice 

versa. 
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Chapter 4: Materials and Methods 
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Identification of a Cohort of Metastatic and Non-metastatic Oral Squamous Cell 

Carcinomas (cohort #2): The oral cancer tissue bank at UCSF has been collecting and 

storing oral cancers and precancers diagnosed and/or treated at UCSF since 1995. The 

bank maintains a comprehensive database that includes clinical, demographic and follow-

up data including risk factors such as tobacco usage and alcohol history. This tissue bank 

provides us with an excellent pre-existing cohort to study the genomic profiles of 

metastatic and non metastatic oral SCCs in a nested case control setting. This design 

affords the advantage of not having to enroll and subsequently track large populations of 

subjects over lengthy periods of time until they develop metastasis.  

 

1. We conducted a search for all formalin fixed and paraffin embedded (FFPE) oral SCCs 

diagnosed from 1998 - 2005. We restricted the initial search to cases diagnosed from 

1998 onwards as DNA quality of formalin fixed paraffin embedded (FFPE) tissue 

samples for genomic analysis was found to be optimum for approximately 7-8 years after 

formalin fixation. We then accessioned the detailed pathologic reports of all the oral 

SCCs identified thus far in order to obtain the corresponding demographic data: age and 

sex of patient, location, size and extent of tumor, clinical and pathologic staging, 

histological grading, tumor type (primary, second primary or recurrence) and distant 

organ involvement if any. We subsequently excluded all base of tongue, tonsil, 

oropharyngeal and nasal SCCs as we restricted our study to oral cavity sites only. We 

also searched for tumors of size ≥ 0.8 cm, as smaller tumors did not yield sufficient 

quantity of DNA for the genomic analysis (array CGH) protocol. 
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2. After our preliminary search of the UCSF Oral Cancer tissue bank we identified 2500 

formalin fixed paraffin embedded (FFPE) oral SCCs. We defined non metastatic (N0) 

tumors as remaining metastasis free for at least 5 years after diagnosis, metastatic (N+) 

tumors as metastatic at diagnosis or developing metastasis within five years of diagnosis 

and tumors with unknown metastatic status (Nx). Review of the detailed pathology 

reports of these cases identified 57 non-metastatic tumors, 96 metastatic tumors and 95 

tumors with unknown lymph node status based on our inclusion and exclusion criteria as 

described above. We next verified the lymph node status of these tumors with records 

from the UCSF Cancer Registry. We had a priori defined N0 tumors as those that 

remained non metastatic for at least 5 years after diagnosis – we found only 33 of our 

original 57 non metastatic tumors fitted this criterion. Nevertheless, the registry was able 

to confirm that 25 tumors in the unknown lymph node status group were actually non 

metastatic tumors and fitted our N0 criteria. Additionally we have identified 14 N0 and 7 

N+ cases from Dr Brian Schmidt’s recent patient records and 12 N0 and 21 N+ cases 

from the head and neck surgery clinic. We identified a total of 84 N0 tumors, 124 N+ 

tumors and 70 Nx tumors, tumors in the Nx group had to be discarded from the study as 

the lymph node status could not be ascertained.  Our final tally of accessioned blocks was 

71 N0 and 82 N+ blocks.  

 

3. I verified tumor content of these tissue blocks by review of hematoxylin and eosin 

stained sections of each block together with a trained pathologist. We selected 40 N0 and 

48N+ blocks which had sufficient areas of tumor and normal tissue for performing the 

array CGH protocol.  
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4. Tobacco and alcohol use data: We categorized tobacco use as current, previous and 

never smokers. Similarly alcohol use was categorized as current, previous and never 

alcohol drinkers. For some analyses we collapsed the categories of alcohol and tobacco 

users as ever smokers (current and previous users) and drinkers (current and previous) 

versus never smokers and never drinkers respectively. 

We quantified tobacco use in pack years (number of packs per day X number of years 

smoked) where available. We could not quantify alcohol use as amount of alcohol 

consumed was not recorded for the majority of cases. We adopted the same search 

strategy in identifying the tobacco and alcohol use information as we did in identifying 

the lymph node status of the cohort. In many cases we were unable to obtain the tobacco 

and alcohol history of the cases from the pathology reports or the Cancer Registry data. 

We also searched the medical records of these patients as well as their clinical case 

records in the head and neck oncology clinics to determine this information. We were 

able to retrieve the tobacco use information for 80% of the tumor samples in our cohort, 

thus putting us in a position to investigate the association of tobacco with oral cancer and 

metastasis in this cohort.  

 

DNA Isolation and Array CGH on Oral Squamous Cell Carcinoma Cohort 

1. Tissue sectioning and microdissection: the de-identified tissue blocks selected for array 

CGH were sectioned into 25 serial sections 10 µm thick. The 1st, 13th and 25th sections 

from each block were stained with hematoxylin and eosin for review. I verified the 

location of the tumor and the tumor-stromal interface together with a trained pathologist. 
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The tumor tissue was outlined on the reverse surface of the glass slide with an indelible 

marker and scraped off with a scalpel under a dissection microscope ensuring that 

stromal tissue did not contaminate the sample of tumor tissue. The dissected tumor 

samples were transferred to labeled Eppendorf tubes for DNA isolation. We also 

dissected areas of normal non epithelial tissue such as muscle proximal to but not 

continuous with the tumor to obtain DNA from normal tissues  

  

2. DNA isolation: DNA was isolated from the tumor samples using a protocol established 

by Snijders (2005) (Snijders et al., 2005b) . Briefly twenty 10µm tissue sections were 

collected in an Eppendorf tube mixed with xylene, centrifuged and supernatant discarded. 

This step was repeated twice and all remaining xylene was discarded. 100% ethanol was 

added, mixed on a nutator, centrifuged and supernatant discarded. The pellet was air 

dried; digestion buffer added and incubated overnight in a water bath (55° C). Proteinase 

K was added the next day and further incubated overnight in the same water bath, this 

step was repeated for two more days.  Phenol chloroform isoamyl alcohol (PCI) was 

added to the proteinase K digested aqueous solution shaken and spun in the centrifuge. 

The upper aqueous phase was removed to a new Eppendorf tube; ammonium acetate, 

ethanol and glycogen were added and incubated at -20°C for a few hours. Finally the 

tubes were spun and centrifuged and supernatant discarded. The pellets were air dried, re-

suspended in double distilled water and allowed to dissolve overnight. The DNA 

concentration was measured using a fluorometer. 
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3. DNA labeling and array CGH hybridization: DNA was random primed and labeled as 

described by Snijders et al. (2005). We incorporated Cy3 or Cy5 dCTP in a 25µL reaction 

to label genomic DNA. Labeled test (600ng) and reference (600ng) DNA was hybridized 

with human Cot-1 DNA for ~ 48 hours at 37°C to arrays of 2464 BAC clones spotted in 

triplicate (HumArray3.2, UCSF Array Core). The slides were washed with 50% 

formamide, 2X SSC for 15 minutes at 45°C followed by a 15 minute wash in PN buffer 

(0.1M phosphate buffer in 0.1% Nonidet P40) at room temperature. The slides were 

mounted in a DAPI solution to stain the array spots (90% glycerol, 10% PBS, 1µM 

DAPI) and imaged. 

 

4. Array Imaging and analysis: we acquired DAPI, Cy3 and Cy5 images using a custom 

CCD camera system (Hamilton et al., 2006). Image and data analysis was done with 

UCSF SPOT software (Jain et al., 2002); SPROC software was used to filter data based 

on low DAPI intensity, low correlation between Cy3 and Cy5 within each segmented 

spot and low reference/DAPI signal intensity. Array clones with no replicate spots or 

those with standard deviation (SD) of the replicates greater than 0.2 were treated as 

missing observations. Clones were screened out if: data was missing in more than 15% of 

the samples, clones did not map on the genome sequence or they were known to harbor 

common copy number polymorphisms. We plotted the data in genome order as the mean 

log2ratio of the replicate spots for each clone normalized to the genome median log2ratio.  
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5. Data processing for cohort#2 and dysplasia cohort: Novel array data pre-processing 

techniques were used to improve the typically noisy CGH profiles obtained with DNA 

from FFPE tissue.  For cohort#2, two CGH profiles were obtained, one from DNA 

extracted from the tumor and the other from adjacent non-epithelial tissue such as 

muscle.  The normal profile was then used to correct for the systematic enhanced noise in 

the profiles.  The method was also extended to correct a similar consistent noise pattern 

in a subset of the dyplasia CGH profiles.  In this case, the data from these samples was 

clustered, revealing two different patterns.  For each of these a template was calculated as 

the median log2 ratio per array probe across samples in each population.  After 

appropriate scaling (equal to the dot product amplitude of the tumor profile on the 

template), the template was subtracted from the dysplasia or tumor profile.  Copy number 

analysis followed published procedures (Snijders et al., 2005b) and used circular binary 

segmentation (Olshen et al., 2004).  Statistical analysis of genomic aberrations with nodal 

status or among other clinical features used Fisher’s exact test and log rank test as 

appropriate. 

 

Cell Culture and Reagents 

We prospectively identified oral SCC cases from Dr Brian Schmidt’s clinical records and 

confirmed oral SCC diagnosis from the preliminary histopathologic reports. We obtained 

surgical discard material with all identifiers removed at the time of surgical excision or 

resection. Representative samples of tissue were obtained from the tumor proper and 

normal areas as identified by Dr Schmidt at the time of surgery. The samples were 
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transported in transport medium (Dulbecco's Modified Eagle Medium, DMEM Low 

Glucose (DME H-16) with 10% fetal calf serum for tumor tissue; Hank’s buffered saline 

solution (HBSS) for normal tissue) supplemented with antibiotics (gentamicin 

(50mg/ml), fungizone (250ug/mL) and penicillin-streptomycin (100X). The tissue pieces 

were first transferred to a petri dish and blood clots and visible pieces of fat were 

trimmed off using scalpels. The tissues were then transferred to 15 ml Falcon tubes and 

washed thoroughly in 70% ethanol for 2 minutes followed by HBSS supplemented with 

antibiotics for 15 minutes. 

 

1. Carcinoma associated fibroblast culture: after the HBSS wash the tumor tissue pieces 

were transferred to a fresh petri dish. The pieces were minced finely using crossed 

scalpels and placed in 6 well tissue culture plates in 1ml of DME H-16 with 10% fetal 

calf serum (FCS) supplemented with antibiotics. The cultures were left undisturbed for 7 

days. When fibroblasts were seen growing out of the explants, medium was changed 

twice weekly until the cultures were ~70% confluent. Cells were passaged twice at 70% 

confluence and frozen for subsequent DNA and RNA extraction at passage 2. 

2. Normal fibroblast culture: normal tissue was chopped into 5mm2 pieces and incubated 

overnight in dispase grade II (Roche Diagnostics GmbH, Germany) at 4°C. The tissue 

pieces in dispase were then incubated at 37°C for 5-7 minutes following which the 

epithelium was teased off from the underlying connective tissue using a scalpel and 

forceps. Residual connective tissue was scraped on the surface to remove any adherent 

epithelium, cut into small pieces and placed in 3 ml of collagenase type 1A (Sigma-

Aldrich, USA) solution (1 mg/ml in DMEM) supplemented with antibiotics. After 

42



incubation overnight at room temperature, 20 ml of DME H-16 supplemented with 10% 

fetal calf serum was added and the mixture was pipetted up and down a number of times 

to further dissociate the cells.  Fibroblasts were collected by centrifugation at 1500 rpm 

for 3 minutes in a 15 ml tube,  and approximately 5-200µl of cells were  placed in a T75 

flask containing 10 ml of DME H-16 supplemented with 10% fetal calf serum 

supplemented with antibiotics.Medium was changed twice weekly and cells were 

passaged at ~70% confluence. Cells were frozen for subsequent DNA and RNA 

extraction at passage 2. 

 

Immunofluorescence 

Each NF and CAF cell culture established from primary oral squamous cell carcinomas 

was characterized using pan Cytokeratin (mouse anti-human AE1/AE3, Millipore, USA; 

mouse anti-human CAM 5.2, Becton-Dickinson, USA), alpha smooth muscle actin (α-

SMA) (mouse anti-human SMA, Dako Denmark A/S ) and Vimentin (rabbit anti-human 

vimentin, Abcam, USA) antibodies.  

1x104 cells at passage 2 were plated in DME H-16 with 10% FCS on sterile glass cover 

slips in 6 well plates and allowed to attach overnight. Medium was aspirated and cells 

were washed with PBS for 3 minutes. Cells were fixed with acetone-methanol-

formaldehyde (19:19:2) for 3 minutes and fixative was aspirated.  Cells were washed 

twice with PBS Tween (1Liter PBS with 0.5 mL Tween 20) for 3 minutes each, and wash 

solution aspirated. Cells were incubated in 3% bovine serum albumin (BSA) for 30 

minutes to block non specific binding sites following which BSA was aspirated off. Cells 
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were incubated in 50ul of primary antibody (1:100 dilution) at 4°C overnight. Primary 

antibody was washed off with 3 washes of PBS Tween with agitation for 5 minutes. Cells 

were incubated with 50 uL secondary antibody (1:500 dilution) (goat anti-mouse IgG 

FITC, Santa Cruz Biotechnology, USA; sheep anti-rabbit TR, Abcam) for 30 minutes in 

the dark. Secondary antibody was washed off with 3 washes of PBS Tween with agitation 

for 5 minutes. Cover slips with attached cells were mounted in Vectastain DAPI (Vector 

Labs, Burlingame, CA), transferred to slides and imaged. 

All cell culture reagents were obtained from the UCSF Cell Culture Facility (San 

Francisco, CA) except where otherwise specified. 

 

TP53 sequencing.   

We amplified exons 5-8 of TP53 from genomic DNA and carried out cycle sequencing, 

as described previously (Snijders et al., 2005b) 
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non‐ p‐   Odds

n 3q8pq20 3q8pq20 valuea  Ratio lower upper

Nodal status 63 48 15 0.006 11.494 1.516 521.823

N0 26 14

N+ 22 1

Age 63 0.018 0.199 0.032 0.87

<65 27 3

≥65 21 12

Tumor thickness 50 0.314 2.228 0.473 12.171

<1.3 cm 17 7

≥1.3 cm 22 4

Tobacco use 46

never 9 3 0.355 2.443 0.302 17.653

ever 30 4

Tobacco use excluding snuff 45 0.362 2.363 0.291 17.099

never 9 3

ever 29 4

Tobacco use 46 0.25 NA NA NA

never 9 3

previous 11 3

current 19 1

Tobacco use excluding snuff 45 0.286 NA NA NA

never 9 3

previous 11 3

current 18 1

Alcohol use 43 0.347 2.558 0.31 18.918

never 8 3

ever 28 4

Alcohol use 43 0.376 NA NA NA

never 8 3

previous 7 0

current 21 4

95% confidence interval

a Two –sided Fisher’s exact test

Table 6.  Patient and tumor characteristics relative to tumor subtype
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Table 7.  Patient and tumor characteristics relative to cervical node status

Odds
n N0 N+ p‐value Ratio lower upper

3q8pq20 status 63 0.006 11.494 1.516 521.823

3q8pq20 26 22

non‐3q8pq20 1 14

Age 63 0.611 1.327 0.422 4.225

<65 18 12

≥65 22 11

Gender 63 0.44 1.517 0.475 4.879

Female 15 11

Male 25 12

Tumor size 62 0.018 0.251 0.066 0.852

<2.7 cm 23 6

≥2.7 cm 16 17

Tumor thickness 50 0.01 0.2 0.044 0.78

<1.3 cm 19 5

≥1.3 cm 11 15

Tobacco use 46 1 0.918 0.167 4.365

never 8 4

ever 22 12

Tobacco use excluding snuff 45 1 1 0.18 4.826

never 8 4

ever 22 11

Tobacco use 46

never 8 4 0.923 NA NA NA

previous 10 4

current 12 8

Tobacco use excluding snuff 45 0.922 NA NA NA

never 8 4

previous 10 4

current 12 7

Alcohol use 43 0.494 0.556 0.08 2.91

never 8 3

ever 19 13

Alcohol use 43 0.751 NA NA NA

never 8 3

previous 4 3

current 15 10

Site 57 0.496 NA NA NA

buccal mucosa 6 3

floor of mouth 6 5

gingiva 8 3

retromolar region 2 3

tongue 16 5

95% confidence interval
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Cell Type ID Age Sex Site Donor node status

CAF OF52 56 M Tongue N0

CAF OF77 60 F Tongue N+

CAF OF81 66 F Tongue NR

CAF OF83 72 F Tongue N+

CAF OF99 65 F Tongue N0

CAF OF68 84 F Gingiva N0

CAF OF6 + 63 M Gingiva N0

CAF HN112 71 F Gingiva N+

CAF OF79 62 M Gingiva N+

CAF OF108 58 F Gingiva N0

CAF OF112 85 F Tongue N0

CAF OF97 84 F Gingiva N0

NF OF51 56 M Tongue N0

NF OF78 60 F Tongue N+

NF OF82 66 F Tongue NR

NF OF84 72 F Tongue N+

NF OF100 65 F Tongue N0

NF OF1 43 M Tongue NA

NF OF6i 63 M Tongue N0

NF OF8 37 M Tongue NA

NF OF59 24 M Tongue NR

NF OF66 84 F Tongue N0

NF OF6ii 63 M Gingiva NO

NF OF40 71 F Gingiva N+

NF OF50 62 M Gingiva N+

NF OF49 84 F Gingiva N0

NF OF76 60 F Gingiva N+

NF OF47 26 M Gingiva NA

NF OF44 34 F Gingiva NA

NF OF2 27 M Maxilla NA

NF OF35 29 F Maxilla NA

NF OF36 17 M BM NA

NF OF37 37 M Mandible NA

NF OF42 85 M Maxilla NA

NF OF48 47 M BM NA

NF OF48A NR NR BM NA

NF OF8 37 M Tongue NA

NF OF57+ 83 M FOM NA

NF OF58+ 83 M BM NA

NF OF61 62 M FOM NA

NF OF63 78 M Gingiva NA

NF OF64 78 M BM NA

Table 8. Clinical features of established cell cultures
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Cell Type ID Age Sex Site Donor node status

NF OF74 76 F BM NA

NF OF75 60 F BM N+

NF OF80 63 M BM N+

NF OF88 66 F Tongue NR

NF OF98 85 F BM NR

NF OF102 66 M BM N0

NF OF104 53 F BM N+

NF OF105 64 M Mandible NA

NF OF106 64 M Maxilla NA

NF OF107 61 M Tongue NA

NF OF110 72 M Mandible NA

NF OF111 72 M BM NA

         NF   OF115 54 M       Tongue     N+

CAF: carcinoma associated fibroblasts; NF: normal fibroblasts ; NA: not 
associated with cancer; NR: not reported, BM: buccal mucosa, FOM: floor of 
mouth
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Cell Type ID Age Sex Site
Node 
status α SMA Vimentin Pan CK

CAF OF52 56 M TONGUE N0 50‐75 100 0

CAF OF77 60 F TONGUE N+ 5 100 0

CAF OF81 66 F TONGUE NR 25‐40 100 0

CAF OF83 72 F TONGUE N+ 25‐40 100 0

CAF OF99 65 F TONGUE N0 40 100 0

CAF OF68 84 F GINGIVA N0 not done not done not done

CAF OF6 + 63 M GINGIVA N0 20‐40 100 0

CAF HN112 71 F GINGIVA N+ 30 100 0

CAF OF79 62 M GINGIVA N+ 25‐30 >90 0

CAF OF108 58 F GINGIVA N0 not done not done not done

CAF OF112 85 F TONGUE N0 not done not done not done

CAF OF97 84 F GINGIVA N0 75 100 50

NF OF51 56 M TONGUE N0 0‐5 100 0

NF OF78 60 F TONGUE N+ 2 100 0

NF OF82 66 F TONGUE NR 0 100 0

NF OF84 72 F TONGUE N+ 0 0 0

NF OF100 65 F TONGUE N0 5 100 0

NF OF01 43 M TONGUE NA 1 100 0

NF OF6i 63 M TONGUE N0 5‐10 100 <1

NF OF8 37 M TONGUE NA 25 100 0

NF OF59* 24 M TONGUE NR 0 100 0

NF OF66* 84 F TONGUE N0 not done not done not done

NF OF6ii 63 M GINGIVA NO 5 100 0

NF OF40 71 F GINGIVA N+ 1 100 0

NF OF50 62 M GINGIVA N+ 0 100 0

NF OF49 84 F GINGIVA N0 0 100 0

NF OF76* 60 F GINGIVA N+ 2 100 0

NF OF47 26 M GINGIVA NA 2 100 0

NF OF44 34 F GINGIVA NA 15 100 0

Immunofluoresence, %+

Table 9.   Cell culture characterization

α‐SMA: α‐smooth muscle actin Pan CK: pan cytokeratin; CAF: carcinoma associated 
fibroblasts ; NF: normal fibroblasts ; NA: not associated with cancer; %+: percent 
positive
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