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Squamous cell carcinoma of the head and neck (HNSCC) is the 6™ most common cancer in the
developed world. The vast majority of these malignancies involve neoplastic lesions in the oral cavity,
lip, larynx, and pharynx. The goal of this study is to help elucidate the genetic changes contributing to
HNSCC, and to use this knowledge to develop molecular markers heralding malignancy. We expect
these efforts will facilitate the early detection of oral cancer lesion, as well as the discovery of novel
potential targets for pharmacoligical intervention in this devastating disease. The ability to investigate
gene expression profiles at different stages of tumor progression in HNSCC is usualy limited by the
remarkable heterogeneity of these neoplastic lesions. New technological breakthroughs, such as the
development of laser capture microdissection (LCM), have now provided a unique platform for gene
and protein expression analysis in specific cell populations. We have recently developed LCM-based
techniques to procure neoplastic and phenotypically normal cells from representative sets of HNSCCs
and their matching normal tissues. Indeed, we found that the laser assisted microdissection of 5,000
cells was sufficient to extract total RNA (14.7-18.6 ng) of high integrity for the synthesis of labeled
amplified cDNA probes which could then be hybridized to membranes arrayed with known human
cancer-related cDNAs. By this approach, HNSCCs were compared to normal tissues, and found that
cancer cells exhibit a consistent decrease in expression of differentiation markers such as cytokeratins,
and an increase in the expression of a number of signa transducing and cell cycle regulatory
molecules, growth and angiogenic factors, and matrix degrading proteases. Unexpectedly, most of the
HNSCCs overexpress members of the wnt and notch growth and differentiation regulatory systems,
thus suggesting that they may contribute to squamous cell carcinogenesis. Furthermore, we took
advantage of the LCM technology for the launching of a gene discovery effort, which involved the
generation of cDNA libraries from microdissected HNSCC tissues. HNSCC tissue sets comprised oral
squamous cell carcinomas and matching normal tissues. Isolated RNASs were used for the synthesis of
blunt-ended, double strand cDNAs by oligo (dT)-mediated reverse transcription, followed by addition
of linkers. Primers specific for these linkers with UDG-compatible ends were used to amplify these
cDNAs by PCR and the product was subcloned into the pAMP10 cloning vector. For our initial
analysis, ninety-six clones from each of the 6 libraries were randomly sequenced. Results indicated that
76-96% of the inserts represented either anonymous ESTSs (25-48%), known genes (9-29%) or novel
sequences (27-51%), respectively, with very little redundancy. These findings indicated that high
quality, representative cDNA libraries can be generated from microdissected tissues, and led to the
identification of a number of novel HNSCC specific genes. In an effort to begin addressing the
molecular basis of HNSCC, these 6 microdissection libraries were further analyzed using powerful
bioinformatic tools. Using newly developed search engines, we found that these libraries [HN7
(normal) and HN8 (well differentiate invasive carcinoma); HN9 (normal) and HN10 (carcinoma in
situ); HN11 (normal) and HN12 (moderate to poorly differentiated invasive carcinoma)] include 138
unknown unique genes, and a large number of unknown non-unique genes. From the available
information on known genes, we have also begun to appreciate the unique pattern of gene expression in
this tumor type. This was further analyzed using the LCM platform and high-throughput gene array
technologies, which has provided a wealth of information on genes that are likely responsible for the
establishment and growth of squamous carcinoma cells. Furthermore, these efforts led to the discovery
of at least 189 novel genes, which may have a role in the pathogenesis of HNSCC, and thus may
represent novel markers for early detection as well as targets for pharmacological intervention in this
disease. Finally, all data and DNA clones have been deposited in the public domain, and are available
for further investigation by our scientific community.
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CHAPTER |

INTRODUCTION

Background and Significance

Cancer arises as a consequence of multiple molecular changes that are
initiated by carcinogenic induced genetic damage in certain cells and, if undetected by
DNA repair mechanisms, develop a selective growth advantage and form a tumor. In
all recognized tissues the fine and controlled balance between cell proliferation and
cell death is controlled by genes whose expression is often unregulated in cancer.
Hence, the alteration of gene regulation mechanism occurs during cancer
development. By using cellular and molecular biological techniques, previous studies
have demonstrated that many cancers have a strange genetic basis. Oncogenes are
defined as being able to induce or maintain cellular transformation, thus giving a cell
a growth advantage (Gelehrter and Collin F.S., 1990; Miller and Dmitrovsky, 1991,
Pilla, 1992) whereas proto-oncogenes have critica functions in growth or
differentiation of normal cellular genes. The latter are usually strictly regulated by
other genes that either promote or inhibit their transcription. When the regulation of
proto-oncogenes escapes these controls, they become oncogenic, and the balance
stimulation of the cell by their protein products is unimpeded (Fishleder, 1990).
Recently, the knowledge on the normal and aberrant function of these genes provides
unique opportunities to understand and, ultimately, to control the processes leading to
human cancer. Mutation of two classes of genes, oncogenes and tumor suppressor

genes, plays major roles in triggering cancer. These genes control cell growth by



integrating the information generated by extra-cellular stimuli and intracellular
mediators. Oncogenes promote cell proliferation, while tumor suppressor genes
inhibit cell growth.

Cancer is a complex cellular disease, the defining characteristic of which is
the ability of cells to divide under abnormal conditions, resulting ultimately in their
loss negative growth controlling mechanisms. This uncontrolled proliferation can be
explained, in part by the gain or loss of protein function that constitute the cell cycle
regulatory machanism (Clurman and Roberts, 1995). For instance, following DNA
damage, loss of function of p53, a protein that acts as a transcription factor will not
stop cell cycle progression in the G1 phase by induction of the p21 (el-Deiry et al.,
1993). Head and neck squamous cell carcinoma (HNSCC) is considered the 6™ most
common cancer among men in the developed world. In spite of the recent advancesin
our understanding, prevention and treatment of other types of cancers, the five-year
survival rate after diagnosis for HNSCC is still very low, approximately 53%, which
is considerably lower than that for other neoplasias, such as those of colorectal, cervix
and breast origin (Landis et al., 1999; Parkin et al., 1999). This high morbidity rate
can be attributed to many factors, which include failure to respond to available
chemotherapy, late presentation of the lesions and the lack of suitable markers for
early detection. The poor prognosis of HNSCC patients may be areflection of the fact
that while many of the risk factors involved in HNSCC pathogenesis, such as acohol
and tobacco, are well recognized (van Oijen et al., 1998; van Oijen et al., 1999), by
contrast very little is known about the molecular mechanisms responsible for this type
of cancer. The primary sites have been varied in frequency as follows. 40% oral

cavity, 25% larynx, 15% pharynx and 20% salivary gland. Moreover 50% of the



limited survival rate has been related to cervical lymph node metastasis (van Oijen et
al., 1998; van Oijen et al., 1999)

Many risk factors are associated with HNSCC such as the use of tobacco
(cigarette smoking and betel quid chewing), alcohol and genetic variation. About 90%
of HNSCC in Western countries occur in smokers and majority is moderate to heavy
alcohol drinkers. In India and South East Asian countries, however, betel quid
chewing may appear to represent the main cause of HNSCC (Greenblatt et al., 1994;
Kaur et al., 1994). While in China, smoked tobacco and areca nut appeared to be the
main causal factors. In support, a recent study suggested that areca nut and
components of the pan/betel quid can be carcinogens (Guptaet al., 1992: Zheng, 1990
#186). In some western countries, such as, France and Denmark, 90% smoked
tobacco and this effect appear to be synergistic with alcohol (Franceschi et al., 1990).
Other potential causes of HNSCC are vira infection (Snijders et al., 1992) and
occupational factor (Maier et al., 1991). In addition although, little is known about the
role of hereditary factors, a genetic predisposition is an important consideration for
the development of HNSCC. However, many individuals are exposed to tobacco
and/or alcohol, only few develop HNSCC. In fact, this may be explained that
genetically determined susceptibility to external carcinogens may be important in the
etiology of HNSCC. In deed, this notion is supported by cases reported about the
familial clustering of oral and laryngeal cancer, which involved the simultaneous
occurrence of a similar type of squamous cell carcinoma in 2-3 members of a single
family (Tashiro et al., 1986). The role of dental factors in HNSCC study remains
controversial but however associations between tooth loss and increased risk for

HNSCC development for example in China have been described (Zheng et al., 1990),



but these may reflect nutritional and socioeconomic differences. The risk for
oropharyngeal cancer among industrial constructive workers is increased 2-3 folds
after exposure to such items as dust or coal tar product. In addition recent studies
suggested that air pollution might be relevant (Dietz et al., 1995). In spite of the
limited evidence on carcinogenic food components with respect to HNSCC, two
recent studies have shown significantly increased risks for heavy and long-term
consumption of nitrite and nitrosamine containing foods, such as smoked or salted
products. Similarly, very spicy food may aso be an etiological factor (De Stefani et
al., 1994).

Several Human papilloma virus (HPV), particularly viral proto-oncogene 16
and 18, can immortalize human keratinocytes cultured through the E5, E6, and E7
oncogenes. E6 and E7 vira proteins bind to p53 and pRb tumor suppressor proteins
respectively and prevent their ability to negatively regulated cell growth (Sugerman et
al., 1995). In HPV integration may be at chromosomal site in close proximity to
oncogenes, such as c-myc and ras, thus resulting in a growth potential. The
prevalence of high-oncogenic types of HPV in oral and other HNSCC is thus of great
interest. However, recent data are conflicting, possibly reflecting technical variation.
Interestingly, HPV have been described in non-malignant tissues of HNSCC
(Sugerman et al., 1995). Concerning oral cancer development, it seems that HPV may
be a cofactor, as all of the patients who developed oral cancer within 4-12 years were
al positive for HPV, one being positive for HPV 16 (Nielsen et al., 1996). Epstein-
Barr virus (EBV) is oncogenic for human B-lymphocytes and has long been thought
to as a causative factor for nasopharyngeal carcinoma (Niedobitek and Y oung, 1994),

a digtinctively different disease from the smoking-alcohol related squamous cell



carcinoma of the oral cavity and pharynx. However, the role of EBV in HNSCC
development still remains unclear.

Normal cellular functions, for instance those controlling excitatory and
inhibitory pathways, include the division, differentiation, survival, and death of cell.
These regulatory pathways are composed of extra-cellular ligands binding to cell
surface receptors, to generate an intracellular signaling cascade. These signals either
directly alter cell function or stimulate the transcription of genes, whose products may
be clarified (Bishop, 1991). Carcinogenesis is a complex and multi-step process in
which genetic events within normal signal transduction pathways are quantitatively
and qualitatively altered. The result of these alterations may occur at any level of the
pathways. As the cells accumul ate these alterations or mutations, the normal cells can
be transformed into malignant ones (Vogelstein et al., 1988). Malignancy enhances
the ability of proliferation, stimulates neo-vascularization, and grows by locally
invading or metastasizing to distant sites (Weiner and Cance, 1994).

Alteration of genes in the dominant excitatory pathways (proto-oncogenes)
and mutation of those in the inhibitory pathways (tumor suppressor genes) result in
either the gain or loss of function, respectively (Bishop, 1991). The goal of studies of
HNSCC is to achieve the early detection, prevention and treatment of patients at high
risk of developing this lesion. To attain this goal, potential biomarkers must be
identified with a high level of reliability and consistency of expression, and
designated as an indicator of early malignant transformation. Therefore, genes
conferring either gain or loss of vital growth regulatory function pathways must be
investigated. Mutations or altered expression of some of these cellular genes are

associated with cellular transformation, and many of them are involved in the



regulation of cell growth and differentiation (Todd et al., 1997). The tumor suppressor
genes play arole in the normal cell growth regulation, and their alteration impair the
important control steps of the cell cycle, such as cell cycle arrest or apoptosis. In
normal cells, tumor suppressor genes are generally related to growth regulation (p53
and pRb) (Montenarh, 1992; Weinberg, 1995), cell adhesion (E-cadherin) (Schipper et
al., 1991), or those effecting G; phase progression (cdk inhibitors) (el-Deiry et al.,
1993). Any alterations of their genetic structure, either constituted or induced by
external factors, may have deleterious effects on the norma functions of cell.
Although oncogenes aone are not sufficient to transform normal oral keratinocytes,
they appear to be the important initiators of this process (Sidransky, 1995). Currently,
several candidate biomarkers have been described in oral carcinoma or HNSCC such

as c- myc, H-ras, erbB2 bcl2, hstl, p53, p16, p21, p27 etc (Scully et al., 2000).

Literaturereview

Overview

Each year, approximately 13,000 degaths are attributed in the US to cancers
of the oral cavity, salivary glands, larynx and pharynx (Boring et al., 1993; Landis et
al., 1999). As more than 90% of these neoplastic lesions are of squamous cell origin,
they are usually referred to, collectively, as squamous cell carcinomas of the head and
neck (HNSCC). This cancer is considered the 6" most common cancer among men in
the developed world (Landis et al., 1999; Parkin et al., 1999). In spite of the recent
advances in our understanding, the five-year survival rate after diagnosis for HNSCC

is still very low, approximately 53%, which is considerably lower than that for other



neoplasias, such as those of colorectal, cervix and breast origin (Landis et al., 1999;
Parkin et al., 1999). This high morbidity rate can be attributed to many factors, which
include failure to respond to available chemotherapy, late presentation of the lesions
and the lack of suitable markers for early detection. The poor prognosis of HNSCC
patients may be the reflection of the fact that many of the risk factors involved in
HNSCC pathogenesis.

Recent discoveries have dramatically increased our understanding of the
most basic mechanisms controlling normal cell growth, and have aso gresatly
enhanced our ability to investigate the nature of the biological processes that lead to
cancer. We now know that the mgjority of cellsin atumor are derived from the clonal
expansion of a single ancestral cell that has acquired an aberrant program of cell
growth. Whereas normal cells proliferate only when needed, as a result of a delicate
balance between growth promoting and growth inhibiting factors and under the
influence of biochemical cues provided by neighboring cells, cancer cells override
these controlling mechanisms and follow their own internal program for timing their
reproduction. These cells usualy grow in an unrestricted manner, and over time they
can acquire the ability to migrate from their origina site, invade nearby tissues and
metastasize at distant anatomical sites.

The progressive changes in cellular behavior, from dlightly deregulated
proliferation to full malignancy, are a result of the accumulation of mutations in a
limited set of genes. Among them, two classes of genes, oncogenes and tumor
suppressor genes, play major roles in triggering and promoting cancerous growth (Chi
et al., 1999; Hoffman and Liebermann, 1998). Whereas activated oncogenes promote

cell proliferation, tumor suppressor genes inhibit cell growth and contribute to the



carcinogenic process when inactivated by mutations. An emerging concept is that
severa activating and inactivating events must occur in oncogenes and tumor
suppressor genes for the initiation and progression of many types of cancer (Urbain,
1999). These genetic changes occur in a multistep process (Partridge et al., 1997).
Thus, if molecular markers representing early and late events could be isolated, it
would be then possible to identify persons at high risk of HNSCC, namely, those
whose lesions are progressing through the pre-malignant state. Furthermore, the
availability of biochemica markers heralding malignancy would be key for
monitoring cancer recurrence as well as for the evaluation of the efficacy of novel
chemopreventing agents. Clearly, the full elucidation of the genetic changes leading
to the development of HNSCC will lead to improved molecular assays with important

implications for the early diagnosis, therapy and prognosis of HNSCC patients.

Genetic Alterationsin HNSCC

Cancer evolves in a series of distinct steps, each characterized by the
sequential accumulation of additional genetic defects followed by clonal expansion
(Dewan;ji et al., 1999). Consequently, it is possible to define a genetic progression
model of this disease. In this regard, the pioneer work characterizing the genetic
alterations in colorectal cancer has now become a paradigm for other human
neoplasias (Fearon and Vogelstein, 1990). This model describes a stepwise
involvement of important cancer genes during the various stages of tumor
progression. For example, the loss of function of key tumor suppressor genes (APC,
DCC, DPC4 and MCC) appears to be critical for the conversion of normal epithelium

to adenoma. (Gryfe et al., 1997; Laken et al., 1999; Saito et al., 1999; Takaku et al.,



1998). While additional mutations in the K-ras gene are likely to be responsible for
the conversion to malignancy (Chiang, 1998; Giaretti et al., 1998). It is now believed
that HNSCC follows a similar pattern in its development. And thus, it may be
preceded by pre-malignant lesions, such as leukoplakia, erythroplakia, sub-mucous
fibrosis, chronic hyperplastic candidosis and erosive lichen planus (Crosthwaite et al.,
1996; Lo Muzio et al., 1998; Qin et al., 1999; Trivedy et al., 1999; Wright, 1998).
The precise nature of the genetic alterations occurring at each step is till unclear, but
a recent report has described a preliminary HNSCC molecular progression model
(Cdlifano et al., 1996). From the scheme illustrated in fig 1.1, it is now regarded that
in this tumor type, these genetic lesions occur in a distinct order of events. For
instance, loss of chromosomal material is thought to result in changes leading to
dysplasia (9p21, 3p21, 17p13), carcinomain situ (11g13, 13921, 14931) and invasive
tumors (4926-28, 6p, 8p, 8q). Although the available information is still limited, it
nevertheless provides a framework for the understanding of the molecular
pathogenesis of this cancer type.

Although cytogenetic studies have been fundamental in detecting
chromosomal rearrangements in HNSCC, the actual identity of genes at these sites
often remain elusive. Other techniques, such as comparative genomic hybridization
(CGH) and fluorescence in situ hybridization, are also frequently utilized to detect
pattern of chromosomal imbalances and gross chromosomal regions involved in
structural rearrangements (Bockmuhl et al., 1998), but these, too, fail to identify
genes at these sites. On the other hand, the use of polymorphic microsatellite markers

in HNSCC has recently helped identify a number of areas of loss of heterozygosity
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(LOH), thus suggesting the contribution of known and novel putative tumor

suppressor genes. Areas of chromosome loss frequently described include; 3p, 4q,

Genomic approaches to understand
head and neck cancer

Genetic Progression of HNSCC

carcinoma metastasis
normal dysplasia in situ carcinoma (lymph node)
L
1 breakpaints, oncogenes (MN-myc) Bp pulative TSGE
and TSG (p73) 9p21-22  CODK inhibitars (p15, p16)

p 3p21.2 allefic loss. Putative immortality gene 11q major ampican containing eyelin D1

29 3036 3. Telomerase gene. ampified 19g putative TSG

ag unclaned gene imalved in G1 checkpaint 149 frequent kss af this region, unknomin
&p putatve TSG 17p13.1  p53 and putative second TSG

T putatve TSG 18g putative TSG

Figure 1.1: Genetic alterations characterizing HNSCC

An adapted scheme (Califano et al., 1996) illustrates those chromosomal alterations
that may contribute to the pathogenesis from normal tissue (A; x200), dysplasia (B;
x400), carcinoma in situ (C; x200), overt carcinoma (D; x200) and metastasis (E;
x200). Non-random loss of material on chromosome 9p21, 3p21, 17pl13 and, 11913,
13921, 14931 and, 4q, 6p, 8p, 89 are thought to result in changes leading to dysplasia,
carcinoma in situ and invasive tumors, respectively. Additional defects required for
conversion to the invasive and metastatic phenotypes are currently unclear. Areas of
chromosome loss suggest the involvement of important growth regulatory genes,

whose identity is till largely unknown.
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The mapping of a candidate gene to regions of chromosome loss does not
necessarily implicate the identified gene in tumorigenesis, as the genetic instability
that characterizes cancer cells may lead to frequent alterations in some susceptible
areas which may have no obvious biological relevance (Bryce et al., 1999).
Nonetheless, these studies suggest a role in HNSCC for p16 (9p21), APC (5021-22)
and p53 (17pl13), which are known tumor suppressor genes. Indeed, mutations
affecting the expression or function of these genes have been reported to involve
nearly 70%, 50% and 40% of all head and neck cancers, respectively (Sartor et al.,
1999; Taylor et al., 1999; Uzawa et al., 1994). The identity of additional putative
tumor suppressor genes affected in HNSCC remains under intense investigation.

The complete sequence of the human genome should be known shortly, and
with it, the chromosomal location of all genes, including those that may be involved
in many types of cancers. It follows that if these genes can be identified as targets for
non-random chromosomal alterations, it will suggest their putative contribution in
malignancy, thus advancing tremendously our understanding of cancer etiology. In
this regard, over 26,000 recurring and non-random chromosomal alterations have
been thus far reported for al cancers (Mitelman et al., 1997). Obvioudy, this
explosion of information on cancer-specific chromosomal aberrations can only be of
use to the scientific community if compiled in easily accessible databases. In response
to this need, the Cancer Chromosome Aberration Project (cCAP), an initiative
supported by the National Cancer Institute and the National Center for Biotechnology
Information, has been set up as a public domain database, to catalogue all distinct

chromosomal alterations associated with malignant transformation (http://www.nchi.

nim.nih.gov/CCAP). This, in part, could have important clinical implications, as
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diagnosis of cancers based on their distinct genetic profiles may be one day used to
determine treatment strategies. On the other hand, aslarge areas of the human genome
are now known, it is possible to fluorescent label large inserts of human DNA, thus
revealing genes and facilitating the identification of regions involved in cancer-
specific chromosomal aberrations.

All HNSCC-specific chromosomal alterations reported thus far are
summarized in the scheme depicted in fig 1.2. The location of all non-random and
recurring break points, together with some of the genes known to be associated at
these sites areillustrated. Collectively, thisinformation indicates that the pathogenesis
of HNSCC involves the gross re-arrangements of many loci. Unfortunately, only a
few genes located at these sites are currently known to be involved in tumor
progression (Sartor et al., 1999; Taylor et al., 1999; Uzawa et al., 1994), thus
reflecting our still limited understanding of the main genetic lesions involved in the

molecular progression of HNSCC.
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(balanced and unbalanced) reported thus far for HNSCC are schematically

represented. The information on these non-random events are a compilation from

those alterations reported in the literature (H), Catalog of Chromosome Aberrations in

Cancer (Mitelman et al., 1997) (K) and from the cCAP project (¥). The loci of some of

the known genes that map to these sites are indicated, and include those that are now

thought to have a role in the pathogenesis of HNSCC (®). Further details regarding

these genes can be obtained from the tumor suppressor and oncogene directory,

available through CGAP (http://www.nchi.nlm.nih.gov/ncicgap).
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High throughput Analysis of Differential Gene Expression

Methods for identification of differentially expressed genes have a wide
variety of applicationsin modern biology, for example, the discovery of genesthat are
up-or down regulated in malignant cells and tumor (Byrne et al., 1995; Frigerio et al.,
1995; Gress et al., 1997; Ji et al., 1997; Watson and Fleming, 1994). In addition to
contributing to the understanding of the molecular mechanism underlying
carcinogenesis, such discoveries might, in the long term, serve as a basis for the
development of gene therapy strategies. A number of methods have been developed
over the past seven years for identification of differentially expressed genes and they
al have proven successful, although to different extents. In recent years, a variety of
techniques have been developed to analyze differential gene expression, including
comparative expressed sequence tag (EST) sequencing, differential display (DD),
representational difference analysis (RDA), cDNA microarrays, and seria analysis of

gene expression (SAGE).

i. Expressed Sequence Tag (EST) sequencing
The concept of EST sequencing first came into public view in 1991 (Adams
et al., 1991). The basic idea is simple: create cDNA libraries from tissues of interest,
pick clones randomly from these libraries, and then perform a single sequencing
reaction from alarge number of clones. Each sequencing reaction generates 300 base
pairs or so of sequence that represents a unique sequence tag for a particular
transcript. An EST sequencing project is technically simple to execute, since it

requires only a cDNA library, automated DNA sequencing capabilities, and standard
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bioinformatics protocols. To generate meaningful amounts of data, however, high
throughput template preparation, sequencing, and analysis protocols must be used.

EST sequencing can be accomplished using normalized or non-normalized
cDNA libraries. A normalized cDNA library is one in which each transcript is
represented in more or less equal numbers (Patanjali et al., 1991; Soares et al., 1994).
The advantage of using normalized cDNA libraries is that redundant sequencing of
highly expressed genes is minimized, and the potential for identification of rare
transcripts is maximized (Bonado et al., 1996). An advantage of non-normalized
library is that the transcript abundance of the original cell or tissue is accurately
reflected in the frequency of clones in the libraries. Non-normalized libraries can be
used for an EST project to identify highly expressed unknown genes and to compare
the expression of highly expressed genes in different cell or tissue samples (Ji et al.,
1997).

ii. Differential display (DD)

Differential display (Liang and Pardee, 1992) and RNA fingerprinting by
arbitrarily primed PCR (Welsh et al., 1992) are probably the most widely used of
these methods, and they have promoted the isolation of differentially expressed genes
in cancers (Liang and Pardee, 1992; Welsh et al., 1992). The general strategy is to
amplify partial cDNA sequences from subsets of mMRNAS by reverse transcription and
PCR, and then to display the short cDNA fragments on a sequencing gel. Pairs of
primers are selected so that each will amplify DNA from 50-100 mRNAs at atime, a
number that is optimal for display on the gel. The main difference between
differential message display (Liang and Pardee, 1992) and RNA fingerprinting by

arbitrarily primed PCR (Welsh et al., 1992) is in the sequence of the oligonucleotides
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used to prime reverse transcription. As a result, different regions of the mRNAS are
fingerprinted by these two procedures. Differential message display uses a primer
based on oligo(dT) but with an “anchor” of two bases at the 3' end. After reverse
transcription and denaturation, arbitrary priming is performed on the resulting first
strand cDNA. PCR is then carried out to generate a series of products derived from
the 3’ end of the MRNAs. RNA fingerprinting, on the other hand, uses an arbitrary
primer for reverse transcription, thus selecting those regions internal to the RNA that
have 6-8 base matches with the 3' end of the primer. This is followed by arbitrary
priming of the resulting first strand cDNA with the same or a different arbitrary
primer, and then PCR amplification.
iii. Representational difference analysis (RDA)

Representational difference analysis (RDA) is a PCR-based subtractive
hybridization procedure that was originally developed for cloning the differences
between genomes (Lisitsyn and Wigler, 1993), and then it was later adapted for
cloning differentially expressed genes (Hubank and Schatz, 1994). Genomic RDA
relies on the generation, by restriction enzyme digestion and PCR amplification, of
simplified versions of the genomes under investigation, known as “representation”. If
an amplifiable restriction fragment (the target) existsin one representation (the tester),
and is absent from another (the driver), a kinetic enrichment of the target can be
achieved by subtractive hybridization of the tester in the presence of excess driver. By
virtue of the fact that tester and driver fragments are ligated to different primer
adaptors to enable selective PCR amplification, tester sequences with homologues in
the driver population are rendered unamplifiable, while the target hybridizes only to

itself, and retains the ability to be amplified by PCR. Successive iterations of the
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subtraction/PCR process results in increasingly higher enrichment. Critical in
genomic RDA is the creation of simplified representations of the genome, called
“amplicon” by restriction digestion. A high proportion of digested fragments do not
fall into the amplifiable range, thus reducing the complexity of the amplicon so that
the final representation contains only ~2-10% of the total genome (Lisitsyn and
Wigler, 1993). In contrast, however, cellular mMRNA populations are significantly less
complex than genomic DNA, thus warranting the success of cONA RDA without the
need to reduce the complexity of the original cDNA populations.
iv. cDNA microarrays

The feasibility of the method based on hybridization to cDNA microarrays
immobilized on glass slides was first demonstrated for 45 Arabidopsis genes (Lisitsyn
and Wigler, 1993), and later applied to surveying human mRNAs (DeRis et al.,
1996; Schena et al., 1996). An attractive feature of this method is that it enables
differential expression measurements to be made by means of simultaneous, two-
color fluorescence hybridization. Although this method was shown to have enough
sengitivity in the Arabidopsis system, it remains to be determined whether the same
will hold true for more complex mMRNA populations with repetitive elements occuring
at a wide range of frequencies. Furthermore, it should be emphasized that although
these hybridization-based approaches seem likely to become the methods of choice
for large scale survey of gene expression in humans and in mice, they cannot be
readily applied to other organisms because they rely on the availability of a complete
set of cDNA sequences for the organism of interest. Therefore, PCR-based and

sequence-based methods will remain invaluable for many years to come.
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A significant advantage of cDNA microarray analysis is the ability to
anayze the same set of genes under a range of experimental condition. For example,
Heller et a. created an array of 96 known genes to be involved in inflammatory
processes (Heller et al., 1997). To identify genes specifically involved in rheumatoid
arthritis, they probed the array with RNA from cultured macrophages, chondrocytes,
and synoviocyte, as well as arthritic tissue samples. These experiments demonstrated
for the first time the involvement of several genes, including interleukin 3 and Groa,
in rheumatoid arthritis. In another example, An oligonucleotide array to monitor the
response of virtually al of the genes in the yeast genome to variety protein kinase
inhibitors (Gray et al., 1998). They were able to identify genes that responded
uniquely to a specific compound, as well as genes that responded similarly to a range
of compounds. The ability to perform multiple assays on the same arrays provides a
powerful approach to streamlining the search for gene(s) with specific characteristics
of interest.

v. Serial Analysis of Gene Expression (SAGE)

Serial Analysis Gene Expression (SAGE), on the other hand, is a more
recently developed sequence-based strategy (Velculescu et al., 1995) that allows the
simultaneous analysis of a large number of transcripts. SAGE is based on two
principles: firstly, a short nucleotide sequence tag of 9-10 base pairs (bp) containing
enough information to unequivocally identify a transcript; and secondly,
concantenation of these short sequence tags allows the efficient analysis of transcripts
serially by sequencing of multiple tags within a single clone. Briefly, double-stranded
cDNA is digested with a frequent-cutting restriction enzyme (four-base recognition

sequence termed “anchoring enzyme restriction site”. SAGE has a tremendous
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potential as a method to register the occurrence of large numbers of transcripts in
particular mMRNA or cDNA clone populations. For example a subtracted cDNA
library could be converted into a SAGE library for rapid identification of tissue-
specific transcripts. Furthermore, significant improvements in sequence technology
are likely to result from ongoing efforts to obtain the compl ete sequence of the human
genome, which could make sequence-based approaches, such as SAGE, progressively
more efficient and cost effective. It should be emphasized, however, that
identification of SAGE tags is only possible if matching cDNA sequences exist in
public database.

The variety of methods for high throughput analysis of differential gene
expression has been developed over the past several years. If these methods are used
properly, they offer the opportunity to understand biological processes at a level of
molecular detail that was not possible even a few years ago. However, the high
througput nature of these experiments is a double-edged word: if an experiment is
poorly designed, or if the biological materials are compromised, the result is a large
body of data that is difficult and time-consuming to analyze. In addition, some
approaches are better suited than others for addressing specific biological question. A
set of guidelines to choose the method is shown in table 2.1 (Carulli et al., 1998).

Regardiess of the strategy applied, however, it is crucia that the ongoing
gene discovery efforts be completed so that afinal master collection of human cDNAS
and a unigene set of ESTs comprising al human genes become available for general
expression studies. Accordingly, the recently implemented Cancer Genome Anatomy

Project (Strausberg et al., 1997) (http://www.ncbi.nim.nih.gov/ncigap) represents a

remarkable initiative towards the achievement of this ultimate goal.



RNA Throughput

requirements

Sequencing
requirements

Cloning requirements

Bioinformatics requirements

EST sequencing 1.0-5.0 ug Low
Poly A.RNA

Microarray 1.0 pg or High
more Poly A
RNA

RDA 10-100 ng Medium
Poly A RNA

DD 10-100 ng High
Poly A RNA

SAGE 1.0-5.0 ug High
Poly A RNA

High

Low

Low

Medium

High

Full-length cloning

may be required for
novel genes of interest
Full-length cloning

may be required for
novel genes of interest
Full-length cloning
required for novel genes
of interest

Full-length cloning
required for novel genes
of interest

Full-length cloning
required for novel genes
of interest

Target databases:standard
Search protocols. Standard
Volumn:high

Image analysis required
Target databases:standard
Search protocols : standard; Volumn:low
Target databases:standard
Search protocols. Standard
Volumn:low

Target databases:standard
Search protocols: Standard
Volumn:low

Target databases: specialized
Search protocols: specialized
Volumn:high

Table 2.1 Attributes of five different methods for high throughput analysis of differential gene expression
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Array Technologies

Advances in array technology now provide a high throughput approach to
monitor the hybridization of RNA or DNA-derived samples to cDNA arrays, for
MRNA expression and genomic polymorphisms, respectively. This technology has
the potential for identifying patterns of gene expression and polymorphisms that may
be indicative of certain diseases, including cancer (Khan et al., 1999). However, to
begin to explain how some of these genes may be involved in tumor progression, a
detailed comparison of the pattern of gene expression in normal tissue is strictly
required (Alon et al., 1999).

Array technology that enables this type of analysisis currently available in
two formats. These include DNA fragments that have been arrayed onto either nylon
filters or glass dides, and high density oligonucleotide microarrays (Gerhold et al.,
1999). In both cases, they are used very similarly to Northern and Southern blots, but
have the added advantage of size reduction to allow hybridization of complex probes
to appropriate cDNAs, thus alowing the analysis of thousands of genes
simultaneously.

Commercially available filter membranes are usually affordable and require
no specialized equipment. For example, some of them are specifically arrayed, in
duplicate, with recognized human cancer genes of known function, the majority of
which are believed to play a major role in the regulation of normal cell growth,
differentiation, survival, and/or carcinogenesis. These cancer genes are usually PCR-
amplified, sequence-verified fragments of 200-500 bp, which were specifically
chosen for their optimized hybridization characteristics. The uses of filters thus allow

an approach to monitor the expression and function of normal and aberrant genes and
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understand how they may be pertinent to HNSCC. However, this does not allow for
the discovery of novel genes specific to HNSCC, but it is expected to help expedite

the identification of the functional role for these genes in the pathogenesis of HNSCC.

Laser Capture Microdissection

A maor scientific chalenge in HNSCC is the understanding of the
molecular events that drive tumor progression in vivo. Using currently available
molecular biology techniques, recent studies have identified genes that may be
involved in the pathogenesis of HNSCC (Bockmuhl et al., 1998; Jin et al., 1998; Shao
et al., 1998). However, the possibility exists that the heterogeneity of the tissues used
for these studies may limit the value of this body of information. Indeed, only a
fraction of the total tissue volume (<5%) is suitable for this type of analysis, thus the
use of bulk tissue or tissue areas of interest manually microdissected may include
abundant contamination, such as cells of lymphatic or stromal origin.

The Laser Capture Microdissection (LCM) apparatus as shown in figure 1.3,
recently developed at the Laboratory of Pathology (National Cancer Institute), allows
a precise and a more accurate assessment of molecular aterations in cancers. This
procedure enables the procurement of pure cell populations from frozen or archival
human tissue sections in one step under direct visuaization (Dean-Clower et al.,
1997; Emmert-Buck et al., 1996; Pappalardo et al., 1998; Simone et al., 1998). And
thus, provide a platform for current efforts in defining some of the molecular basis of
neoplasias as they exist in vivo. In this regard, the accurate procurement of specific
cell types for RNA isolation by using LCM remains a critical step in the analysis of
genes expressed in HNSCC and the potential of addressing their possible contribution

to neoplasia, if comparison can be made with normal tissue.



Figure 1.3: Laser Capture Microdissection apparatus

Laser Capture Microdissection (LCM) was developed recently between the
Laboratory of Pathology National Cancer Ingtitute, Nationa Institute of Health,

Bethesda, MD 20892 and Arcturus Engineering Inc. Mountain View CA 94043.

The method of laser capture microdissection (LCM) illustrated in Chapter |1
(fig 2.2) primarily involves visualizing the tissue with the microscope and using a
pulse of laser beam to procure those cells of interest onto a plastic cap coated with
ethylene vinyl acetate (EVA). These caps are transferred to microcentrifuge tubes
(Eppendorf, Westbury, New York, USA, Cat # 2236430-8) that contain appropriate
lysis buffer, for extraction of RNA. In addition, a video camera on top of the
microscope enables the user to monitor the progress of the microdissection, thus
providing a convenient reference point for subsequent serial sections. The sequence of
events of procuring a pure population of tumor cells whereby an area of HNSCC

tissue of interest is visualized and targeted for capture onto caps with a laser beam.
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The homogeneity of the captured cells is then confirmed under a light microscope
prior to proceeding with RNA extraction. With this method, a pure population of cells
of interest (>95% purity) can be rapidly concentrated, and with maximum
preservation of RNA. The isolated RNA from these cells can then be used with the

currently available array technology for the detailed analysis of gene expression.

With consideration to the laser energy and beam diameter, each laser pulseis
able to capture approximately 1-7 cells. In preliminary experiments, it has been
determined that approximately 5,000 cells (1,000 shots) are required for gene
expression analysis. Therefore, an advantage with this approach is that only a small
amount of starting material (5,000 microdissected cells) is required to extract a
sufficient quantity of total RNA. Furthermore, the quality and integrity of the RNA
makes this approach suitable for use with available array technology, thus affording
the possibility of defining a pattern of gene expression in a tumor progression model

of HNSCC.

It is important to consider that many of the previously reported genetic
aterations may be affected by the heterogeneity of tumor tissue. In this regard, the
procedure of LCM can be extended for use in the accurate analysis of DNA and this
can be advantageous even if only archival tissue samples are available. Using this
approach, extracted DNA from microdissected cells can now be successfully used, for
example, to identify loss of heterozygosity (LOH), mutational changes associated
with known tumor suppressor genes (Park et al., 1999) and, more applicable for high
throughput use, single nucleotide polymorphisms (SNPs). LCM technology has been

successfully applied to DNA and RNA analysis, from frozen and paraffin embedded
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tissues, to understand some of the underlying molecular basis of cancer, namely
genomic aterations and expression pattern of critical genes. However, if this body of
information could be complemented with proteomics, this may then expedite a more
thorough understanding of molecular pathways that ultimately result in cancer.
Information that can be acquired from protein based analysis include tranglational
efficiency, post-trandational modifications, protein-protein interactions, and the
expression and activity of transcription factors. Therefore, any information that can be
obtained regarding protein products of mutated or dysfunctional genes will provide an
insight into tumor progression and will help to identify potential markers for early

detection and drug devel opment.

This type of analysis was previoudly limited by the inability to extract,
guantify and characterize functional proteins expressed by a small population of cell
of interest in tumor tissues. Furthermore, tissues available were usually heterogeneous
and manually dissected, and the protein identification involved micro sequencing and
mass spectrometry. In addition, these approaches did not allow a high throughput
application for the analysis of many samples simultaneously. However, it is possible
to gain important information regarding critical steps of tumor progression, as
described recently for bladder cancer (Celis et al., 1999), using the available methods

for proteomics, such as 2-D gel electrophoresis, western blot analysis and ELISA.

A new protein analysis system, based on the SELDI (Surface-Enhanced
Laser Desorption/lonization) technology has been recently applied to the high
throughput separation, detection, and analysis of proteinsin very small amounts (~10

ng) of microdissected cancer tissue. This system enables protein capture, purification,
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analysis, and processing from complex biological mixtures directly on Protein Chip
Array surfaces and the detection of the purified proteins is performed by laser
desorption /ionization flight time mass analysis. In this regard, the potential exists to
characterize proteins associated with specific forms of cancer, from benign to pre-
invasive carcinoma to invasive carcinoma, if comparison with normal tissue is made.
Indeed, this approach has been used successfully to protein "fingerprint”
microdissected cell extract from different cancers (Ornstein et al., 2000) and may be

used as markers of tumor progression.

Cancer Genome Anatomy Project (CGAP)

There are estimated to be approximately 100,000 genes in the human
genome and of these 4,000 may be related to disease, including cancer (Trent et al.,
1997). Altered expression of some of these genes is now thought to be the basis of
most cancers and it follows that the identity of these genes will not only enhance our
understanding of the molecular basis of the disease, but will also provide means of
early detection and subsequent treatment. In response, the Cancer Genome Anatomy
Project (CGAP), supported by the National Cancer Institute (NCI), was established
with the goa of achieving a comprehensive molecular characterization of normal,
precancerous, and malignant cells, in order to create a complete information

infrastructure of genes expressed during cancer development (http://www.ncbi.

nim.nih.gov/ncicgap). In only a few years, this project has become the leading effort

in gene discovery, and has united the newest technologies, along with those both cost-
effective and capable of high-throughput, to identify all the genes responsible for the
establishment and growth of cancer. The CGAP initiative involves the generation of

cDNA libraries from cancer cells, and after random sequencing, expressed genes are
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then catalogued and compared with those from normal corresponding tissues. Key to
the success of this effort has been the development of robust databases and easily

accessible Web-based analytical tools.

The Head and Neck CGAP was established as a cooperative effort between
the Nationa Institute of Dental and Craniofacial Research (NIDCR) and the NCI
CGAP. Initially, six high quality cDNA libraries from representative cancer cell lines
of head and neck (Patel et al., 1997) and normal and immortalized gingival
keratinocytes were submitted. Overall, from the 1,160 clones sequenced, 38 of these
were identified as novel genes. Furthermore, a distinct pattern of gene expression can
aready be observed when comparing normal to cancerous cells using analytical tools
available at the CGAP site. An early report on this genome-wide analysis of ora

cancer are available (Shillitoe et al., 2000).

Problems and hypothesis

Many studies have examined the differences in the expression of one or a
few genesin HNSCC, but no comprehensive and systematic study of gene expression
profiles in these neoplastic cells has yet been undertaken. Therefore, available
molecular models are not able to explain fully the complexity of the genetic changes
that occur during the development and progression of HNSCC. The recent
development of several high-throughput hybridization-based methods utilizing
cDNAs arrayed on nylon membrane and glass slides now alows the detailed analysis
of thousands of genes simultaneously. This provides a unique opportunity to identify
the nature of those genes that are differentially expressed in normal and tumor

sgquamous cells, particularly when combined with the recently developed technology
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of laser capture microdissection to procure specific cell populations. It is now
recognized that all cancers arise from the accumulation of genetic changes within a
limited number of cells. Thus, the ability to define the gene expression profile of
normal as well as tumor cells at each stage of cancer development is key to advance
our still limited knowledge of this devastating disease. This information is invaluable
in our fight against cancer, as it is expected to facilitate cancer prevention, its early
detection and diagnosis, and the selection of optimal treatment modalities. We
hypothesized that the pattern of genes expressed at each stage of tumor progression is
different and related to the pathogenesis of HNSCC, and possibly distinct from those
of other better-understood tumor types. We hypothesized that their unique gene
expression profile can be revealed by procuring specific cell populations upon
microdissection, and by the construction of stage-specific cONA libraries and the use

of recently developed high density cDNA array technologies.

Specific Aims

1: To identify genes differentially expressed between norma and tumor
tissues from the same patient by using LCM and human cancer cDNA arrays. This
specific aim was achieved (Chapter 11) and published (Leethanakul et al., 2000)
(Appendix A).

2: To establish cDNA libraries from HNSCC patient tissues. This specific
am was accomplished (Chapter I11). Six HNSCC cDNA libraries had been
constructed and nucleotide information made available in the public domain at the

web site:  http://www.ncbi.nlm.nih.gov/ncicgap. This research was published

(Leethanakul et al., 2000) (Appendix B).
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3: To eucidate the nature of those genes that may be involved in the
pathogenesis of HNSCC. This investigation was conducted using analytical tools that

are available at the web site: http://cgap.nci.nih.gov/Tools. Results were prepared as a

manuscript for Oral Oncology (Chapter V).

Benefits

The results obtained from this study will provide a better understanding of
gene expression patterns in different stages of HNSCC. The construction of cDNA
libraries will aso provide the basis for the creation of a publicly available catalog of
genes involved in sguamous carcinogenesis. Information provided by this
investigation will be beneficial for the diagnosis, prevention and treatment of head

and neck cancers.
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CHAPTER 11
Distinct Pattern of Expression of Differentiation and Growth-Related
Genesin Squamous Cell Carcinomas of the Head and Neck Revealed

by the Use of Laser Capture Microdissection and cDNA arrays

Introduction

Squamous cell carcinoma of the head and neck (HNSCC) is the 6™ most
common cancer in developed countries, and of the 44,000 annual cases reported in the
United States, approximately 11,000 will result in an unfavorable outcome (Landis et
al., 1999; Parkin et al., 1999). In spite of its high incidence, the molecular
mechanisms of this disease remain poorly understood. However, the recently gained
knowledge of normal and aberrant function of oncogenes and tumor suppressor genes
has provided unique opportunities to understand, and ultimately to control, the
processes leading to malignancy. Thus, the identification of the molecular and genetic
events involved in each step of tumor progression may be central to understand
HNSCC, and for the development of diagnostic markers and novel treatment
strategies.

Although HNSCC is thought to result from the progressive accumulation of
genetic lesions leading to malignancy (Mao et al., 1998) the precise nature of the
affected molecules is still largely unknown. The recent development of several high
throughput, hybridization-based methods utilizing cDNAs arrayed on nylon
membranes and glass slides alows the analysis of hundreds of genes simultaneously,

and thus provides a unique opportunity to identify genes expressed in norma and
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tumor tissues, as well as to analyze gene expression profiles in tumor progression.
However, an accurate procurement of specific cell typesfor RNA isolation isacritical
step influencing the validity of this analysis. In thisregard, a novel technique of Laser
Capture Microdissection (LCM) developed at the Laboratory of Pathology (National
Cancer Institute), enables the procurement of pure cell populations from frozen
human tissue sections (Emmert-Buck et al., 1996; Simone et al., 1998), a key
consideration as many tumors, including HNSCC, are heterogeneous, and include
areas of connective tissues, blood vessels and even inflammatory cells that infiltrate
into the tumor mass. Most importantly, microdissection alows analysis of gene
expression in specific cell populations as it exists in situ. In this study, we have used
LCM to procure specific cell populations from a representative set of tumors and their
matching normal tissues to explore the feasibility of establishing a pattern of

expression of cancer-related genes for HNSCC.

Materials and Methods
Tissue samples

Tissue samples from HNSCC patients undergoing surgery were immediately
snap frozen in liquid nitrogen and H&E sections from these samples were
subsequently analyzed and confirmed by a board certified pathologist, as either
normal, hyperplasia or malignant. The tissue samples were then processed using a
standard embedding protocol, currently available at the following web site:

http://dir.nichd.nih.gov/Icm. Briefly, empty cryomolds were placed on dry ice for 1

min prior to immobilizing the frozen tissue samplesin athin layer of OCT embedding

medium (Sakura Finetek Torrance, CA). Tissue in the cryomold was then covered
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with OCT and allowed to harden at -70 C. Eight micron thick sections were cut on to

RNAase free glass slides, using a cryostat and stored at -70 C until use.

Tissue Saining of Tissue Sections
Frozen tissue section dlides were stained prior to Laser capture

microdissection (LCM) as described on the web site: http://dir.nichd.nih.gov/lcm.

Briefly, dides were fixed in 70% ethanol, washed in purified ddH.0, stained in
Mayer's hematoxylin and placed in blueing reagent. After a brief rinse in 70%
ethanol, the dlides were counter stained with eosin and dehydrated with 95-100%

ethanol and xylene. All chemical reagents were from Sigma.

Laser Capture Microdissection (LCM)

The use of LCM (Arcturus Engineering, Mountain View, CA) was
essentially as described (Emmert-Buck et al., 1996; Simone et al., 1998). Briefly, an
RNAase free plastic cap with a transparent ethylene vinyl acetate (EVA)
thermoplastic film was maneuvered with the transport arm, precisely over an area of
tissue of interest, which had been previously selected with the microscope. The laser
parameters on the microscope were set at 20 mwW, 50 msec and 30 um for power,
pulse duration and beam diameter respectively, in order to facilitate capture of cells
onto the EVA thermoplastic film on the caps. With this procedure, one thousand laser
shots procured approximately 5000 cells. The caps containing the procured cells were
subsequently transferred to a 0.5 ml RNAase free microcentrifuge tube containing
lysis buffer for total RNA extraction. Caps coated with EVA for use with LCM were

supplied by Arcturus Engineering.
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RNA Extraction

Captured cells contained within the cap and microcentrifuge tube were
digested with 200 pl guanidium isothiocyanate (GITC) buffer and 1.6 ul B-
mercaptoethanol for 30 sec. After centrifugation (14000 rpm at 4 C, for 30 min), the
supernatant was transferred to a 1.5 ml RNAase free microcentrifuge tube and after
the addition of 20 ul of 2M sodium acetate, 220 ul saturated phenol and 60 pl
chloroform-isoamy! alcohol, the samples were vortexed and placed on ice for 15 min.
All reagents described above were from Stratagene, La Jolla, CA. The resulting
agueous layer after centrifugation (14000 rpm at 4 C for 30min) was transferred to a
fresh RNAase free microcentrifuge tube and the RNA precipitated with 200 ul cold
isopropanol (Stratagene) and 2 ul of glycogen (10 ug/ul; GenHunter, Nashville, TN)
at —80'C for 1 h. After centrifugation (14000 rpm at 4’ C for 30min) the RNA pellet
was treated with 2 ul DNAase | (10 units/ul; GenHunter), 1 ul RNAase inhibitor (20
units/ul; Perkin-Elmer, Branchburg, NJ), 2 ul 10x reaction buffer (GenHunter) and
incubated at 37°C for 2 h. The RNA was reprecipitated as described, then resuspended
in 3.5 ul deionized water and 1 ul RNAase inhibitor (20 Units/ul) and used for cDNA

synthesis.

RT-PCR and RNA integrity
Total amount of RNA from each sample was reverse transcribed using the
SMART PCR cDNA synthesis kit and according to instruction provided

(CLONETECH Laboratories, Inc., Palo Alto, CA). Briefly, for annealing, 5 ul RNA

samples containing 1 ul (10 uM) cDNA synthesis (CDS) primers, 0.5 ul (10 uM)



SMART |1 oligonucleotides were heated for 2 min at 72°C and cooled to 42'C. RNA
was subsequently reverse transcribed with the addition of a master mix (2 ul 5x first
strand buffer, 1 ul 20 mM DTT, 1 ul 10mM dNTP and 1 pl 200 U/ul Superscript RT;
(Life Technologies, Rockville, MD) and reaction left to incubate for 1 h at 42°C. The
integrity of each RNA sample was assessed by the ability to amplify GAPDH by RT-
PCR. One microliter of RNA from each sample was used as template. The reaction
was performed using the GeneAmp RNA PCR kit (Perkin EImer) except GAPDH
primers (Stratagene). Conditions for PCR were 95C for 105 sec followed by 30
cyclesat 95°C and 60'C for 15 sec and 30 sec respectively followed by 7 min at 72°C

and the PCR product subsequently analyzed on a 1.2% agarose/EtBr gel.

cDNA Probe preparation

Radioactive probes were synthesized using 2 pl of cDNA from each tissue
set (normal and tumor), 2 ul of dNTP mix (2.5 mM of dGTP, dATP, dTTP and 0.5
mM of dCTP; Perkin Elmer), 75 ul ddH20, 10 pul 10x PCR reaction buffer and 4 pl 10
mM PCR primers (CLONTECH Smart kit), 5 ul 10 mCi/ml o-**P dCTP (NEN Life
Science Products Inc., Boston MA) and 2 pl Taq polymerase (Perkin-Elmer). The
samples were mixed and used to synthesis complex cDNA probes by PCR (1min at
95°C followed by 30 cycles of 15 sec at 95C, 5 sec at 65 C and 5 min at 68°C, and
then cooled to 4°C). The specific activity of each cDNA probe, after purification
(PCR SELECT-II columns; 5Prime-3Prime, Inc., Boulder, CO), was assessed by

scintillation.
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Hybridization of cDNA Arrays and Analysis of Gene Expression

Synthesized cDNA radioactive probes from normal and tumor samples from
the same tissue set, were used to simultaneously hybridize human cancer cDNA
expression Arrays (CLONTECH) and the conditions used were essentially as
described in the provided protocol. Briefly, membranes were prehybridized in
ExpressHyp (CLONTECH) at 68°C for 30 min and subsequently hybridized overnight
at 68°C with the appropriate cDNA probe. After washes as described, the membranes
were analyzed by Phosphorlmaging (Molecular Dynamics) and auto-radiography. The
hybridization of the cDNA’s on the arrays for each of the samples (normal and tumor)
was documented and the identity of the genes was determined from the relative
position and list provided by the manufactures. The intensity of the hybridization
signa of genes from both sets of membrane (normal and tumor) was quantified by
PhosphorImaging and the degree of expression of genes between the two samples was

compared with those of the house keeping genes.

Results
Clinical features characterizing HNSCC

Clinical characteristics of the human biopsies from HNSCC patients that had
undergone surgery and were chosen for the study are indicated in table 2.1. The
anatomical sites of these lesions are representative of the most frequent HNSCC sites,
and include the tongue (WSU 1, 62 and 63), larynx (WSU 51), and pharynx (WSU
58). All lesions, except for WSU 1, were confirmed carcinomas, which were either
poorly (WSU 51, 63) or moderate to well differentiated (WSU 58, 62) and all were

invasive. Tissue WSU 1 was confirmed as hyperplasia. Corresponding normal tissue,
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from the same anatomical site and patient as the lesion, was part of the tissue set and
consisted of normal epithelium. Thus, we considered these samples to be

representative of HNSCC and suitable for gene expression analysis.

Histological Features of HNSCC Tissue Sets

We initially chose five tissue sets, as indicated above, to assess the
feasibility of using LCM for the detailed analysis of gene expression in HNSCC.
Before proceeding, we confirmed the provided histopathology of these samples.
Microscopic visualization of representative frozen tissue sections (8 um thickness),
stained with hematoxylin-eosin is shown in fig 2.1. Normal oral squamous epithelium
(A) shows an orderly architecture that ranges from immature small round cells in the
basal layer to those of mature flattened cells with abundant cytoplasm and small
nucleus at the superficial layer. Furthermore, cell mitoses in this layer are rare and
generally confined to cells in the basal layer. The basement membrane is observed to
be intact. Oral hyperplasia (B) is seen to be characterized by an increased cellularity
of the lower third of the epithelium and normal maturation of the remaining upper two
third. However, the integrity of the basement membrane is similar to that observed for
the normal epithelium. Tissue sections from squamous cell carcinomas (C) shows
infiltration of the underlying stroma, loss of normal architecture, occasional keratin
pearls. There is mild nuclear pleomorphism and increased numbers of mitotic figures.
Invasive carcinoma (D) are characterized by cells that have breached the basement
membrane and have invaded into the subjacent soft tissue. Furthermore, this tumor
type was observed to vary from being well-differentiated squamous cell carcinomas

with evidence of keratin formation (keratin pearls) and few mitoses, to that of a
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poorly differentiated type, exhibiting no recognizable squamous features. The data

therefore illustrates the integrity and the squamous origin of the tissues and thus

suitable for detailed molecular analysis of HNSCC.

Case Origin Lesion Pathol ogy

WSU1 Tongue Hyperplasia Severe hyperplasia

WSU 51 Layngeal Carcinoma High clinica grade Invasive and poorly

differentiated

WSU 58 Pharyngea Carcinoma  Mild to moderate dysplasia, moderate to well
I differentiated and invasive in places.

WSU 62 Tongue Carcinoma  Invasive, moderate to well differentiated

WSU 63 Tongue Carcinoma  Moderate to poorly differentiated and invasive

Table 2.1 Clinical Characteristics of HNSCC tissues

HNSCC lesions upon biopsy were analyzed for clinical classification. The five tissue

sets (WSU 1, 51, 58, 62, 63) were biopsies from patients previously confirmed to

have neoplastic lesions of the head and neck. Anatomical site and severity of the

lesions are indicated.
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Figure 2.1 Histopathological Features of HNSCC

Tissue sets, comprising of both normal and tumor from the same HNSCC patient,
were snap frozen and 8 um sections were stained with H&E. Histopathological
features of progression of HNSCC from norma to carcinoma are illustrated.
Representative normal squamous epithelium (A) from head and neck region shows an
orderly maturation from deep to superficia cell layers marked by progressive
flattening of the cells and nuclei (magnification X200). Hyperplasia (B) is
characterized by an increased layers of epithelial cells throughout the lower third of
the epithelium, normal maturation, and the retention of the basement membrane
(magnification X200). Well-differentiated invasive sguamous cell carcinoma (C)

shows infiltration of the underlying stroma, loss of normal architecture, occasional
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keratin pearls. There is mild nuclear pleomorphism and increased numbers of mitotic
figures (magnification X500). Moderate to poorly-differentiated invasive carcinoma
(D) shows infiltration of the underlying stroma with sheets of cancer cells showing
marked nuclear pleomorhism and hyperchromasia. There is notable absence of keratin

pearls (magnification X500).

Laser Capture Microdissection (LCM)

The method of laser capture microdissection (LCM) as shown in fig 2.2
(Upper panel), was developed by the Laboratory of pathology, NCI, to provide a
reliable method for the procurement of a pure population of cells. Using the joystick,
the platform holding the slide can be easily manipulated until an area of interest is
determined with the microscope. An additional advantage with LCM is that with the
video camera, microscopic images can be viewed and the progress of the
microdissection monitored. Similarly, these images can be captured, thus providing a
convenient reference point for subsequent serial sections. A pulse of laser beam is
then used to capture areas of tissues of interest onto EVA coated caps. Using this
method, frozen tissue sections can be microdissected immediately after staining and
thus, a pure population of cells of interest (>95% purity) can be rapidly concentrated

with maximum preservation of RNA.

Procurement of cells from HNSCC tissue
Under direct microscopic visualization, squamous tumor cells are captured
with individual laser shots (fig 2.2 lower panel). Each shot activates the EVA on the

cap surface, which then attaches to the cells of interest. With consideration to the laser
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energy and beam diameter, each laser pulse is able to capture approximately 3-7 cells.
In preliminary experiments, we had predetermined that approximately 5,000 cells
(1,000 shots) are sufficient for our analysis. Lifting the cap separates the captured
cells from the remaining heterogenous tissue, which is retained onto the glass dlide
(C). This ensures that the correct cell population is obtained, by visualization under
light microscopy (D). The same procedure was followed for procuring cells from

normal tissue (data not shown).

RNA Extraction and Analysis by RT-PCR

Prior to analysis of microdissected cells, the integrity of the nucleic acidsin
these cells was assessed. Quality assessment of the RNA from each tissue was
performed by RT-PCR of GAPDH. As demonstrated in fig 2.2 (E), RNA from two
representative tissue sets (WSU 62, 63) was considered to be of sufficient quality to
reverse transcribe and amplify GAPDH. Using specific primers for GAPDH, a 600 bp
product was observed. Similar results were obtained with the remaining three tissue
sets (data not shown). The data demonstrates that LCM preserves the integrity of the
RNA extracted from procured cells and this can be reverse transcribed directly using
anchored modified 5'-end enhancer oligonucleotides, thereby facilitating the detailed

analysis of gene expression in HNSCC.
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Figure 2.2 Laser Capture Microdissection (LCM) and its Use in Procuring Pure

Populations of Cells from HNSCC and Assessment of RNA Quality by RT-PCR:
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The use of the LCM apparatus is illustrated (upper panel). A pure population of cells
from H& E stained tissue sections are microdissected and captured onto EVA coated
caps with a laser beam. The caps containing the cells are then transferred to
microcentrifuge tubes for RNA extraction and processing as described in Materials
and Methods. For procurement (lower panel), an area of tumor, containing cells of
interest are visualized (A) and targeted for capture with a 30 um diameter laser beam
(B). The caps containing the captured cells are lifted off the tissue section (C), and the
homogeneity of these cells is confirmed under a light microscope (D) prior to
processing for RNA extraction. Each laser beam procures 3-7 cells. (magnification
X500). Total RNA was extracted from microdissected tissues (approximately 5,000
cells) as described in Materials and Methods. The integrity of the RNA was assessed
amplifying GAPDH by RT-PCR. Using specific primers for GAPDH, a 600 bp
fragment is amplified, as observed for both normal (N) and tumor (T) tissues from
HNSCC patients (WSU62 and 63). Appropriate positive and negative controls are

indicated (E).

Hybridization and Gene Expression

Prior to synthesis of probe by PCR, cDNAs synthesized for each sample
were assessed for integrity. In all cases, the average size of the reverse-transcribed
messages was demonstrated to be approximately 500 bp (range 300-800 bp, data not
shown), which is similar to that achieved for the construction of cDNA libraries
(Peterson et al., 1998). cDNASs corresponding to normal and tumor tissue from the
same set were simultaneously amplified and labeled with o-**P dCTP. For each

sample, 3-4 independent PCR reactions were carried out and these were subsequently



combined and used to hybridize commercially available membranes containing 200-
500 bp DNA fragments, in duplicates, for 588 known human cancer and 9

housekeeping genes (http://www.clontech.com/atlas/genelist). Membranes hybridized

with complex cDNA probes from a representative tissue set are shown in fig 2.3 (left
panel) and illustrates the comparative differences in expression of genes belonging to

different functional groups in both normal and tumor tissue from the same patient.

Genes Differentially Expressed

Examples of genes differentially expressed are shown in fig 2.3 (right panel)
and include the cytokeratins (A) and those genes belonging to the MAPK (mitogen-
activated protein kinase) (B) and wnt (wingless) (C) signaling pathways. The amount
of radiolabeled probe hybridized to each arrayed DNA was quantified using
Phosphorlmaging, and normalized by that hybridized to the housekeeping genes. For
each DNA, the ratio between the expression in the cancer and normal tissue was then
estimated for each tissue set. To simplify the analysis, the main functional groups of
genes assessed to be differentialy expressed by at least two fold in three or more of
the five tissue sets were and considered of likely biological significance are listed in
the table 2.2. They include genes involved in the control of cell growth and
differentiation, angiogenesis, apoptosis, cell cycle, and signaling, most of which have
not been previously implicated in HNSCC when using other analytical approaches
(see below). These data indicate that complex cDNA probes |labeled with a-**P dCTP
can be successfully synthesized from small amounts of total RNA for use in

comparative hybridization studies of cancer genes expressed in HNSCC. Furthermore,



our findings have helped identify a number of new candidate genes, which might play

an unexpected role in squamous carcinogenesis.
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Figure 2.3 Analysis of Gene Expression in HNSCC Using cDNA Arrays and Genes
differentially expressed in HNSCC:

For each HNSCC tissue set, cDNA probes were prepared and used simultaneously for
the hybridization of nylon membranes arrayed in duplicate with human cancer and
housekeeping genes, as described in Materials and Methods. The comparative level of
expression for each gene was assessed by Phospholmaging, and expressed relative to
that of the house keeping genes. Pattern of gene expression for a representative tissue
set from the same HNSCC patient is shown (left panel). Expression levels of genes
were assessed by Phospholmaging and compared with those of housekeeping genes.
Differentially expressed genes in three or more HNSCC tissue sets and considered of

likely biological significance are indicated (right panel).
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Table 2.2 Genes Differentially Expressed in HNSCC:
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Gene expression pattern for each HNSCC tissue set (WSU 1, 51, 58, 62, 63) was
analyzed by Phosphorimaging and the relative amount of expression was compared
with those of housekeeping genes. Those genes judged to be differentially expressed
at >2 foldsin at least 3 of the cancer tissue sets were considered of likely biological
significance, and are listed in their corresponding functional groups. The GeneBank

access number for each gene isincluded.

Discussion

Using currently available molecular biology techniques, recent studies have
identified genes that may be involved in the pathogenesis of HNSCC (Bockmuhl et
al., 1998; Jin et al., 1998; Shao et al., 1998). However, the heterogeneity of the
tissues used for those studies may have limited the value of this body of information.
Indeed, only a fraction of the total tissue volume (<5%) is suitable for this type of
anaysis, thus the use of bulk tissue or tissue areas of interest manually
microdissected, may include abundant contamination, such as cells of lymphatic or
stromal origin. In contrast, the recently developed technique of laser captured
microdissection (LCM) (Emmert-Buck et al., 1996) alows the isolation of pure
populations of cells from neoplastic lesions, thus facilitating their subsequent
analysis. Furthermore, cells from their corresponding normal matched controls can be
procured and subsequently used for the accurate analysis of differential gene
expression in many types of cancers. This technique allows the anaysis of gene
expression in the cells of interest at the tissue level, thus enabling a comprehensive
molecular characterization of normal, premalignant and malignant cells. Thus, further

analysis of appropriate tissue samples using this recently available technology will



make it possible to define a pattern of gene expression in a tumor progression model
of HNSCC. In this study, we have explored the feasibility of such a comprehensive
analysis, utilizing a representative set of HNSCC tissues, comprising of tumors and
the corresponding normal tissues from the same patient. The patho-physiological
characteristics of tumors used in this study ranged from overt carcinomas to a lesion
that was assessed histologically to be hyperplasia, thus providing means of
ascertaining the pattern of gene expression in late and intermediate stages of tumor
progression.

In this study, we demonstrate the successful procurement of a pure
population of both tumor and normal cells from five HNSCC tissue sets. We have
estimated the purity of these cells histologically to be approximately 95% and from
the approximately 5000 procured cells from each tissue, we were able to isolate
approximately 15 ng of total RNA of good integrity. High molecular weight cDNA
(300-800 bp), considered to be representational of HNSCC were synthesized from
these very small amounts of total RNA and are therefore suitable for use in the
comparative analysis of gene expression between cells from normal and tumor tissues.
However, the mMRNA recovery is usualy < 10 % of the total RNA and the possibility
exists for that genes of moderate or low abundance, may be undetected. One solution
would be to increase the amount of starting material but thisis usually limited by both
time and effort involved in dissecting > 5,000 cells. Furthermore, the amount of tissue
available is usualy small, thus limiting LCM. Sensitive techniques utilizing
amplification of low amounts of mMRNA have been successfully used and reported
(Eberwine, 1996). These offer the advantage of analysis of intermediate stages of

neoplastic processes, which usually consist of a relatively small number of cells.



49

However, as with any amplification-based strategies, target biasis still a concern, and
is currently being addressed (Warnecke et al., 1997).

Here, we were able to label directly the first strand cDNAS, and using these
as targets, perform hybridization analysis on membranes arrayed with known cancer
genes. The single most important consideration for the selection of these
commercialy available membranes is that they are arrayed in duplicate with known
genes of known function, the majority of which are believed to play a role in the
regulation of normal cell growth, differentiation, survival, and/or carcinogenesis.
Furthermore, these are all PCR-amplified, sequence-verified fragments of 200-500 bp,
which were chosen for their optimized hybridization characteristics. Thus, although
this approach does not allow for the discovery of novel genes specific to HNSCC, it is
expected to help expedite the identification of the functional role for these genes in
HNSCC pathogenesis.

In this study, we were able to demonstrate the existence of numerous
changes in gene expression when comparing HNSCC to their matching normal
epithelial cells. One of the most remarkable was the general decrease in the
expression of cytokeratins (2E, 2P, 6A-F, 7, 13, 14, 15, 17, 18, 19), which were
readily detected in normal tissue but nearly absent in the cancer cell population (1-3
fold). This reduction was expected, and most likely reflects loss of differentiation in
tumor cells. On the other hand, we observed a clear increase in the levels of cyclin D1
(2-3 fold), as previously reported (Bartkova et al., 1995), and those of
metal oproteases (MMP-7, MMP-10, MMP-14), which reflects the highly invasive
behavior of this tumor type. Furthermore, we observed a remarkable increase in the

levels of many growth and angiogenic factors including TGFe«, TGF S, EGF Cripto
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protein, PDGF A chain and B chain (c-Ss), different FGF isoforms, HGF, and
VEGF-C. This supports the conclusion that this tumor type secretes factors that are
likely to induce epithelial cell growth in an autocrine fashion in addition to promoting
the growth of stromal cells and the process of neovascularization (Desai and Libutti,
1999). Furthermore, these tumors also overexpress several proapoptotic molecules,
including caspase precursors, Bcl-W, Bax, and Bag-1, but might survive apoptotic
signals through the overexpression of apoptosis inhibiting molecules, including Akt2
and 1AP (inhibitor of apoptosis) (Granville et al., 1998). Also shown in the figure 2.3
overexpressed signaling molecules participating in the MAP kinase pathway,
including ERK1, all isoforms of JNK (1-3), two p38 related MAPKSs, p38 and ERKS6,
and their upstream activators, MEKK3 and MKK®6, which is likely to contribute to the
enhanced growth stimulation in these cells. Thus, collectively these results
demonstrate that HNSCC exhibit a distinct pattern of gene expression, which might
help explain many of the cellular abnormalities described in this tumor type.
Unexpectedly, genes involved in the wnt and notch signaling pathway, were
found to be highly represented in tumor tissues (1-3 fold). High expression levels of
some of these genes have been demonstrated in many neoplasias and may have an
implication in maintaining an undifferentiated epithelium (Liu et al., 1996; Shelly et
al., 1999). For wnt, two wnt receptors, frizzed and FDZ3, and their downstream
targets, dishevelled and f-catenin (Wodarz and Nusse, 1998) were highly expressed.
In the case of notch, the detection of both receptor and ligand (notch and jagged,
respectively) also suggests strongly their constitutive activation (Artavanis-Tsakonas
et al., 1999). Furthermore, two of the fringe genes, Manic and Lunatic, which encode

pioneer secretory proteins that modulate Notch-ligand interactions (Panin et al., 1997)
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were similarly highly represented. Thus, together these findings support an
unexpected role for the notch signaling system in squamous cell carcinogenesis
(Cooper and Bray, 1999; Thelu et al., 1998). However, their precise role in the
pathogenesis of HNSCC is currently unknown, and warrants further investigation.
Taken together, we can conclude that the use of LCM and DNA arrays has allowed
the detailed analysis of gene expression in HNSCC. Although data obtained involved
a limited set of tissue samples, a general trend is already observed, implicating cell
cycle regulating and signaling molecules, growth and angiogenic factors, matrix
degrading proteases, and survival and apoptotic molecules. Furthermore, we obtained
evidence implicating, for the first time, the notch and wnt pathways in squamous cell
carcinogenesis. We are currently assessing the validity of these observations in a
panel of HNSCC tissue sets using available antisera and cDNA probes. With the
imminent completion of the Human Genome Project and recent advances in array
technology (micro arrays and filter arrays), it is now possible to study and better
understand the expression pattern of those genes that may be causal in neoplasia as
they exist in vivo. With this strategy, using samples representing each stage during
tumor progression, it would be possible to ascribe a function in HNSCC to genes
whose role in carcinogenesis might have not been suspected. Furthermore, this
experimental approach will facilitate the identification of earlier markers heralding
malignancy, thus providing valuable tools of diagnostic and prognostic value to study

premalignant lesions.



CHAPTER 111
Gene Expression Profilesin Squamous Cell Carcinomas of the Oral
Cavity: Use of Laser Capture Microdissection for the Construction

and Analysis of Stage-specific cDNA Libraries

Introduction

From the estimated 100,000 genes in the human genome, 4,000 of these may
be directly related to disease, including cancer (Trent et al., 1997). Indeed, altered
expression of some of these genes is now thought to be the basis of most neoplasias,
either because they are expressed at abnormally high or low levels, or due to their
ability to encode aberrant proteins upon mutations in their coding sequence (Urbain,
1999). In this regard, the availability of a catalog of genes expressed in tumor cells
may provide afingerprint of their genetic make up, and comparison with that of their
matching cells exhibiting a normal phenotype can help identify genes that either by
their presence or absence, can be causal in cancer. It follows that knowing the identity
of these genes will not only enhance our understanding of the molecular basis of this
disease and its progression, but it will also provide novel means for its early detection
and subsequent treatment.

In response to our limited knowledge of the molecular mechanisms of many
neoplasias, the Cancer Genome Anatomy Project (CGAP) supported by the National
Cancer Institute (NCI), was established with the goal of creating a complete
information infrastructure of genes expressed during tumor progression, which is also

expected to yield early markers of cancer, thus providing an opportunity to improve
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our ability to match patients with appropriate treatment strategies. The CGAP
initiative involves the generation of cDNA libraries from cancer cells, and after
random sequencing, expressed genes are then catalogued and compared with those
from the corresponding normal tissues. In doing so, CGAP has aso become the
leading effort in gene discovery. Further success of this approach has been the
development of robust databases and easily accessible Web-based analytical tools for
comparative use (Strausberg et al., 2000; Strausberg et al., 1997).

Squamous cell carcinoma of the head and neck (HNSCC) are neoplastic
lesions found predominantly in the oral cavity, including the salivary glands, larynx
and pharynx (Boring et al., 1993). Despite recent advances in our understanding,
prevention, and treatment of other types of neoplasias, HNSCC still remains the 6™
most common cancer among men in the developed world (Parkin et al., 1999) and in
the United States alone approximately 13,000 deaths occur yearly as a result of this
disease (Landis et al., 1999). The high morbidity rate for this malignancy can be
attributed to many factors, which include lack of suitable markers for early detection,
late presentation, insensitivity to available treatment, and our limited understanding of
the molecular mechanisms responsible for this disease (Califano et al., 1996). In this
regard, the identity of those genes that may have arole in the progression of HNSCC
has yet to be fully elucidated. Therefore, in an attempt to begin addressing the
molecular basis of this cancer, the Head and Neck CGAP (HNCGAP) was established
as a cooperative effort between the Nationa Institute of Dental and Craniofacia
Research (NIDCR) and the National Cancer Institutes CGAP initiative.

A magor scientific challenge in HNSCC is our understanding of the

molecular events that drive tumor progression in vivo (Bockmuhl et al., 1998). This



problem is further compounded by the heterogeneity of this tumor type. Thus, gene
expression analysis using bulk tissue or tissue areas of interest manually
microdissected, might not be representational and of limited value when using this
body of information for assessing gene expression profilesin HNSCC. Of interest, the
use of Laser Capture Microdissection (LCM) (Bohm et al., 1997; Emmert-Buck et al.,
1996; Simone et al., 1998) allows the procurement of pure cell populations for RNA
isolation, thus providing an appropriate platform for current efforts in defining the
nature of those genes expressed in HNSCC, and their potential contribution to
neoplasia (Krizman et al., 1996; Zhang et al., 1997).

In this study we have used HNSCC and their matching normal tissues from
patients with oral cancer lesions. We demonstrate the successful use of LCM to
procure specific cell populations. Furthermore, we show that 5,000 cells are sufficient
to extract RNA of high integrity for the synthesis of high quality representational
cDNAs libraries. Furthermore, sequence analysis of randomly selected clones from
each library indicates that 76-96% of the inserts represented anonymous ESTs (25-
48%), known genes (9-29%) or novel sequences (27-51%), respectively, and with
very little redundancy among libraries. Emerging sequence information suggests the
existence of many novel genes, whose function in tumor development can now begin

to be evaluated.

Materialsand Methods
Tissue samples and Laser Capture Microdissection
Biopsies from patients confirmed to have carcinomas of the oral cavity were

immediately fixed in 70% ethanol and subsequently embedded in OTC as described
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(http://dir.nichd.nih.gov/Icm). Using a cryostat, 8 um thick tissue sections were cut

onto RNAase free glass dides, and prior to laser capture microdissection (LCM),
H&E stained sections were analyzed and confirmed by a board certified pathologist.
The use of LCM (Arcturus Engineering, Mountain View, CA) was essentially as
described (Simone et al., 1998). This procedure enables the enrichment of a pure cell
population onto plastic caps coated with a transparent ethylene vinyl acetate (EVA)
thermoplastic film. Microdissected cells were assessed microscopically and the caps
containing the procured cells were subsequently transferred to a 0.5 ml RNAase free

microcentrifuge tube containing appropriate lysis buffer for extraction of total RNA.

Extraction of RNA and Assessment of RNA Integrity
The procedure of extracting RNA from microdissected cells is described in

detail elsewhere (http://dir.nichd.nih.gov/Icm). Briefly, cells were digested in lysis

buffer containing guanidium isothiocyanate and p-mercaptoethanol and total RNA
extracted from the supernatant with 2M sodium acetate, saturated phenol and
chloroform-isoamyl acohol. The RNA was subsequently precipitated from the
resulting aqueous layer with ice-cold isopropanol and glycogen (10 ug/ul). The
resulting RNA pellet was treated with DNAase | (10 units/ul) and RNAase inhibitor
(20 units/pl), reprecipitated and resuspended in 3.5 pl deionized water and 1 pl of 20
U/ul RNAase inhibitor. The integrity of each RNA sample was assessed as described.
Briefly, 1 ul of RNA was reverse transcribed using the GeneAmp RNA PCR kit
(Perkin Elmer, Branchburg, NJ) following the supplied protocol, and 2 ul of the

resulting cDNA was used to amplify GAPDH with specific primers using PCR
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conditions according to the manufacturer’ s recommendations (Perkin Elmer).

Quantification of Total RNA Extracted from Microdissected cells.

Total RNA extracted from microdissected cells was quantified using the
VersaFluor™ Fluorometer system following the manufacturer's recommendations
(Bio-Rad Laboratories, Hercules, CA). Briefly, 1 ml of TE (1X) containing 1 ul of
total RNA was mixed with an equal volume of diluted Ribogreen probe (1:3000 in 1X
TE). After incubation (5 min), the samples were measured for RNA using excitation
and emission wavelength of 495 and 525 nm, respectively. The amount of total RNA
was quantified against standards (1-50 ng), which were prepared according to the

manufacturer’ s recommendations.

Synthesis of cDNAs from total RNA and library Construction

Synthesis of double-strand cDNAs from total RNA extracted from
microdissected cells was as previously described (Krizman et al., 1996). Briefly,
using the Superscript Choice System (Life Technologies Inc. Gaithersburg MD) and
following the supplied protocol, RNA samples from microdissected tissues (5,000
cells) were used as templates to reverse transcribe first strand cDNAs. The second-
strand replacement and EcoRI linker addition reactions were followed as described
(Krizman et al., 1996). Briefly, RT reactions containing 5X second strand buffer, 10
mM dNTPs, E. Coli DNA ligase, E. Coli DNA Pol I, and E. Coli Rnase H were
incubated at 16 "C for 2 h and after the addition of 2 pl of T4 DNA polymerase, the
reactions were incubated for a further 10 min. After extracting and precipitating with

phenol/chloroform and ethanol, respectively, the cDNA pellets were resuspended in
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ddH»0 and used to ligate EcoRI linkers. The linker-ligated cDNAs were purified in
1% low-melting agarose and cDNA products (0.4-2 Kb) were excised and the agarose
was digested overnight at 37 C with p-agarase (New England Biolabs, Beverly, MA).
After extracting with phenol/chloroform and precipitating with ethanol and glycogen
(20 nug /ml) respectively, the cDNA pellets were washed with 70% ethanol, air dried
and resuspended in 20 ul ddH,0. 2 ul of linker-ligated cDNASs was used to assess the

quality on a 1.2 % agarose gel.

PCR Amplification of double strand cDNA

Amplification of double strand cDNAs by PCR was essentially as described
(Krizman et al., 1996). Briefly, 18 ul cDNA of template, ddH,O, 10X PCR buffer,
10mM dNTPs, 1 uM linker-specific primers and Taq polymerase, was used for a
single PCR reaction. Conditions for PCR were 3 min at 94 C followed by 15 cycles at
94°C for 15 sec, 65 'C for 15 sec, 72 "C for 3 min and afinal extension at 72 °C for 5
min. The PCR products were purified, isopropanol precipitated and washed with 70%

ethanol prior to resuspending in 10 ul ddH,0.

Subcloning and Assessment of cDNA libraries

One ul of each of the amplified cDNAs was non-directionally cloned into
the UDG (uracil deglycosylase) cloning vector pAMP10 (Life Technologies) and the
cloning reactions were subsequently used for transformation. Resulting clones were
randomly picked for assessing insert size and sequencing. Universal primers (M 13f

and M 13r) for pAMP10 were used to amplify inserts with 30 cycles of standard PCR
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reaction and these reactions subsequently analyzed for diversity by assessing the

insert sizeon al.2 % agarose gel.

Sequencing of cDNA Libraries and Data Analysis

Recombinant clones from each library were randomly picked, expanded in
96 well plates, and sequenced using M 13 forward primers. Individual clone sequences
were subsequently analyzed by searching available data bases (GenBank, dbEST) by
the BLAST program accessed through the National Center for Biotechnology

Information (http://www.ncbi.nim.nih.gov), for the search of homology to known

genesor ESTs.

Results
Scheme of Experimental Procedure

The experimental strategy for this study isillustrated in fig 3.1. Normal and
pathological oral sguamous epithelium was visualized under the microscope and
appropriate cells were microdissected with individual laser shots. Caps containing
approximately 5,000 cells were processed for RNA and subsequently assessed for
guality. The mRNA served as a template for library production. After transformation,
clones from each cDNA library were sequence analyzed and prepared for CGAP
submission. The sequencing data were analyzed using the BLAST software to assess
whether individual clones matched previoudy identified genes or anonymous ESTS,

or represented novel sequences.
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Microdissected HNSCC cDNA Libraries

L - ':LEF"‘*%: Laser capture
microdissection pAMP 10 plasmid library

|

Cloning by the UDG method

CGAP
1 -Sequencing
 } -Blast
mRNA —— — — ——; ...:;:;!n.'.u'+ I
l () uality control Known genes
— ARKAML —  cDNA anonymous ESTs
novel genes

Figure 3.1. Scheme Illustrating the Experimental Procedure used in the Study:
Normal and malignant oral keratinocytes are procured by laser capture
microdissection and the RNA extracted. After assessment the quality, the RNA
samples are reverse transcribed and with the resulting cDNAS, adaptors are ligated to
enable cloning. Clones from each cDNA library are sequence analyzed and prepared
for CGAP. The available data are further analyzed using the BLAST program to
determine whether any of the information matches to anonymous ESTs, known genes

or represent novel genes.
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Clinical and Histological Feature of HNSCC tissues samples

Clinical samples were obtained from HNSCC patients that had undergone
surgery. Samples used for this study were from male patients and the age ranged from
46-71 years upon presentation of the lesions. The main clinical features of these
lesions as diagnosed by a certified board pathologist are summarized in table 3.1.
However, before proceeding, we confirmed the pathophysiology of these tissue
samples. Their anatomical sites are representative of that of the most frequently
detected neoplastic lesions, and include the retromolar trigone region (S1), floor of the
mouth (S2) and tongue (WSU 62). The corresponding lesions were carcinoma in situ
(C19), well-differentiated invasive carcinoma and moderated to poorly differentiated
carcinoma, respectively. For each tumor sample, adjacent normal tissue comprising
squamous epithelium was also provided and in al cases the histopathology was
confirmed. Frozen tissue sections (8 um) stained with H&E are illustrated in fig 3.2.
Normal squamous epithelium S1 (A), S2 (B) and WSU 62 (C) that match to the tumor
samples, showed an orderly architecture that ranges from immature small round cells
in the basal layer to those of mature flattened cells with abundant cytoplasm and small
nuclei at the superficial layer (X500). In all cases, the basement membrane was
observed to be intact. In contrast, tumor sample S1 (D), a carcinomain situ, showed a
variation in size and shape of cells, nuclear pleomorphism, hyperchromasia, and loss
of normal cellular maturation (X500). Tumor sample S2 (E), a well-differentiated
squamous cell carcinoma, showed infiltration of the underlying stroma with sheets
and islands of cancer cells displaying nuclear pleomorphism and hyperchromasia.
Furthermore, occasional keratin pearls were observed (X500). Tumor sample WSU62

(E), a moderate to poorly differentiated invasive carcinoma, showed infiltration of
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underlying stroma as sheets and islands of cancer cells showing marked nuclear
pleomorphism and hyperchromasia. In this sample, there is distinct absence of keratin
pearls (X500). The data illustrates that anatomical and histological differences in
tumor samples make them suitable for their use in identifying those genes that may be

critical in tumor development.

Sample Age Sex Origin Pathol ogy

S1 65 M Retromolar trigone Carcinomain situ

S2 71 M Floor of mouth Well differentiated invasive
WSU 62 46 M Tongue Moderate to poorly

Differentiated invasive

Table 3.1 Clinical characteristics of lesions from patients with HNSCC:

Tissues, including adjacent norma mucosa, were surgically removed from patients
with oral carcinomas for clinical classification. Anatomical site and severity of the
carcinomas, S1, S2 and WSUG62 are indicated. In all cases, corresponding normal

tissues were confirmed as squamous epithelium.
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Figure 3.2. Histopathological Features of HNSCC:

Tissue sets, comprising of both normal and pathological lesion from the same
HNSCC patient, were snap frozen and 8 um thick sections were stained with H& E.
Histopathological features of progression of HNSCC from normal to carcinoma are
demonstrated. Representative normal squamous epithelium (A, B, C) from the ora

cavity shows an orderly maturation with progressive flattening of the cells going from
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deep to superficial cell layers, uniform small nuclel, and low nuclear:cytoplasmic
ratio (magnification X500). Carcinomain situ (D) shows a variation in size and shape
of cells, nuclear pleomorphism, hyperchromasia and a loss of normal cellular
maturation is observed. There is no breach of the basement membrane (magnification
X500). The well-differentiated squamous cell carcinoma (E) shows infiltration of the
underlying stroma with sheets and islands of cancer cells showing nuclear
pleomorphism and hyperchromasia. Occasional keratin pearls are also observed
(magnification X500). Moderate to poorly differentiated invasive carcinoma (F)
shows infiltration of the underlying stroma as sheets of cancer cells showing marked
nuclear pleomorphism and hyperchromasia. However, a notable absence of keratin

pearlsis noted (magnification X500).

Total RNA extractable from Microdissected tissues

Before proceeding with the construction of representational cDNAs from the
tissue sets, we sought to determine the amount and integrity of total RNA that was
extractable from approximately 5,000 microdissected cells. As shown in table 3.2, the
average amount of total RNA that was quantifiable using the fluorometric system,
was 16.7 ng and this was demonstrated to be similar (14.7-18.6 ng) among samples.
In addition, when 2,000 and 10,000 cells were microdissected from each tissue
sample, the average amount of total RNA extracted was 7.9 ng and 21.4 ng

respectively (data not shown).



S1 S2 WS8U 62

Tissue N T N T N T Average

RNA (ng) 186 156 15.9 17.3 17.8 14.7 16.7

Table 3.2. Quantification of Extractable RNA from Microdissected Tissues.

RNA extracted from 5,000 cells microdissected from the three tissue sets (S1, S2,
WSU 62) was labeled with a fluorescent dye and quantified using appropriate
standards and using a VersaFluor'™ Fluorometer. The amount of total RNA
extractable for normal (N) and tumor (T) epithelium, using the experimenta
conditions described in Materials and Methods and the average for all six samplesis

indicated. The data are representative of three separate experiments.

The integrity of the RNA in al cases was assessed by RT-PCR of GAPDH.
As demonstrated in fig 3.3, RNA extracted from all tissue sets (S1, S2, WSU 62) was
considered to be of sufficient quality to be reverse transcribed and amplified using
specific primers, which yielded a 600 bp PCR product of GAPDH. The data
demonstrate that small amounts (ng) of total RNA extracted from microdissected cells
are of sufficient integrity to synthesize and construct representational cDNA libraries

from oral carcinomas and matching normal epithelium.
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Quality Assessment of Amplified double strand cDNAs

As the integrity of total RNA was maintained, we next determined whether
this would be reflected in the synthesis of high quality cDNA libraries. Double strand
cDNA product of each tissue sample was amplified by PCR and the quality
determined on an agarose gel. A homogenous smear (200-1,500 bp) was observed for
all samples, indicating sufficient complexity of transcripts for library construction
(data not shown). Amplified cDNAs were purified, subcloned, and randomly picked
clones (twelve) from each library were analyzed to determine the average insert size.
In al cases, the average size was observed to be around 600 bp, with a range of 300-

1,500 bp (data not shown). The data indicate a complexity of cDNAs that may be

representational of the genes expressed in oral epithelium.

GAPDH

Figure 3.3. Assessment of RNA Integrity by RT-PCR:

Total RNA was extracted from microdissected tissues (approximately 5,000 cells) as
described in Materials and Methods. RNA integrity was assessed by RT-PCR of the
GAPDH gene. Using specific primers for GAPDH, a 600 bp fragment is amplified, as
observed for all the tissue samples. Appropriate positive and negative controls are

indicated. Data shown is representative of four independent experiments.
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Sequence Analysis of cDNA libraries

After quality control, 96 clones were randomly picked from each of the six
cDNA libraries, expanded, sequenced and their nucleotide sequences analyzed using
the BLAST program. The cumulative information is summarized in table 3.3.
Analysis of the nucleotide information obtained from the successful sequencing of 76-
96% of the inserts indicated that these DNAS represent either anonymous ESTs (25-
48%), known genes (9-29%) or novel transcripts (27-51%), respectively. Both Alu
repeats and ribosomal RNA were detected at low frequencies in all six libraries (2-
9%) and no sequences of mitochondrial or bacterial origin were recorded.
Approximately 7% of the total number of clones analyzed were either without insert
or contained short sequences that were uninformative. The data indicate the successful
cloning of a large number of novel transcripts that are likely to be representative of

those expressed in normal and malignant oral epithelium.
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S1 S2 WSU62
CDNA library N T N T N T
Clones Analyzed 92 92 73 84 82 90
Known genes 8 27 22 11 9 14
Anonymous ESTs 44 ) 18 25 42 41
Novel sequences e 24 30 43 22 30
Expressed Alu repeats 3 4 3 2 7 4
Ribosomal RNA 0 2 0 3 2 1

Table 3.3. Cumulative sequence analysis of HNSCC-specific cDNA clones:

Random clones (96) from libraries constructed from normal (N) and tumor (T)
epithelium were sequenced and this information was used to search available
databases, using the BLAST program. Clones from the six libraries were subsequently
categorized as having sequences similar to known genes, those that matched to ESTs
and those that showed no significant homology. Frequency of Alu repeats and

Ribosomal RNA sequences are indicated.

| dentification of known genesin cDNA libraries from Oral Epithelium

We next determined, by using the BLAST program, whether any of these
sequences matched known genes. Those that were identified as being expressed in
any of the six libraries are listed in table 3.4. Of interest, known genes identified more

than once in alibrary include calgranulin A, kappa casein precursor, elafin precursor,
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monocyte chemotactic protein 3 precursor, cyclin |, keratin 13, keratin 56 kD, cornifin
B and the interleukin-1 receptor antagonist protein precursor. Collectively, of the
known genes identified, six were represented in two or more of the libraries and are
listed in table 3.5. Kappa casein precursor was common in al the libraries and
monocyte chemotactic protein 3 precursor was represented in libraries made from all
tumor tissues and one normal (62N). The keratin 4 was detected in two normal
libraries (S1, S2) whereas the keratin 13, calgranulin A (calcium binding protein A8)
and cornifin B (small proline rich protein, SPRR 1B) were identified in 2 of the

libraries.
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14-3-3 protein ¢

Acyl-CoA-binding protein

Annexin |

Antigen peptide transporter2 (Transporter, ATP-binding cassette)
Antileukoproteinase 1

ATP synthase A chain

Breast basic conserved protein 1 (Breast basic conserved gene 1)
Calgranulin A (calcium binding protein A8)
Calgranulin B (calcium binding protein A9)
Calpain 2 large

CD9 antigen

Cds 1 human SPR2-1 gene for small prolinerich protein
Cornifin B (small proline rich protein, SPRR 1B)
Cyclin|

Cystatin A

Cytochrome C oxidase polypeptide vialiver, 2, 3
Dolichyl-phosphate -glucosyltransferase

E25B protein mMRNA

Elafin precursor

Erythrocyte adducin o subunit

Erythrocyte adducin 3 subunit

Ferritin heavy chain

GAP junction -2 protein (Connexin 26)

Growth relating protein BB1

Histocompatibility antigen, M alpha chain
Histone H3.3

Interferon y

Interleukin-1 receptor antagonist protein precursor
Kappa casein precursor

Keratin, type | cytoskeletal 13

Keratin, type |l cytoskeletal 4, 5, 7, 56kD

L -3 phosphoserine-phosphatase homologue
Leukocyte elastase inhibitor

Mitotic kinesin-like protein-1

Monocyte chemotactic protein 3 precursor
Myosin like chain Alkali smooth muscle Isoform
NADH-Ubiquinone oxidoreductase chain 1 and 4
Protein phosphatase PP1-y

Ribosomal protein S11, S20, S18, S24, L3, L8, L37, L38
Signal recognition particle receptor 3 subunit
Transcriptional coactivator

Table 3.4 Known genes identified from six HNSCC-specific libraries:
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Sequence analysis of random clones from cDNA libraries constructed from normal
(N) and tumor epithelium (T) identified many as having homology to known genes.
Some of these known genes were identified more than once in one or more of the six

libraries. The 55 known genes that were identified are listed by name a phabetically.

Kappa casein Precursor S1(N, T),S2(N, T), WSU 62 (N, T)
Monocyte chemotactic protein 3 precursor ST1,ST2, WSU 62 (N, T)

Keratin, type Il cytoskeletal 4 SN1, SN2

Keratin, type | cytoskeletal 13 SN2, ST1

Calgranulin A S2 (N, T)

Cornifin B SN2, ST1

Table 3.5. Known genes identified in two or more HNSCC-specific cDNA
libraries: Six known genes were identified in two or more HNSCC-specific cDNA
libraries (N; normal, T; tumor) and listed. Only one known gene was present in al 6

libraries analyzed.
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Discussion

Approximately 10 % of the total number of genes are suspected to be
expressed in a given cell type (Lisitsyn and Wigler, 1993). Determining their identity
is an important first step towards understanding the patterns of gene expression that
mediate normal cellular physiology and disease process. In this study, we report the
construction of six high quality cDNA libraries from tissues of oral origin, including
normal and malignant epithelium. Previous studies have reported on genes that are
expressed in tissue specimens containing squamous epithelium (van der Velden et al.,
1999). However, these studies utilized heterogenous tissues as starting material, thus
the expression data may not reflect the genes that are specifically active in the
epithelium. In contrast, for the present investigation, we procured pure populations of
cells (approximately 95% purity) from normal and malignant epithelium using laser
capture microdissection (LCM).

A molecular fingerprint of every expressed gene in each cell type is its
MRNA, but this usually constitutes approximately 5% of the total RNA (Eberwine,
1996). Therefore, the quantity and integrity of RNA extracted from the starting
material are important considerations to ensure that the gene expression analysis is
representational. In addition, procedures involved in tissue isolation using LCM may
themselves limit this type of analysis by facilitating RNA degradation. However, from
approximately 5,000 cells procured from each tissue sample by LCM, we were able to
demonstrate that the RNA extracted was quantifiable and of good integrity as assessed
by the ability to amplify GAPDH.

cDNA libraries were prepared from three patient tissue sets, comprised of

normal and tumor oral epithelium. Our primary goal from this study was to identify
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those genes whose expression may be solely confined to the malignant oral epithelium
and these may be causal in the development of HNSCC. In addition, we wanted to use
these high quality cDNA libraries to contribute to the HNCGAP, in their gene
discovery efforts and those of systematically cataloguing cancer genes from different
neoplasias. We and others have previously contributed to the HNCGAP initiative

(http://www.nchi.nlm.nih.gov). However, cDNA libraries for these efforts were either

constructed from bulk tissues or from representative HNSCC cell lines and from
normal and immortalized gingival keratinocytes (Shillitoe et al., 2000). To date, this
report is the first describing the construction of cDNA libraries from microdissected
oral epithelium that may represent more accurately those genes expressed in vivo.

From the first round of analysis, sequence information was obtained from
approximately 76-96% of clones analyzed, which included anonymous ESTs and
known genes. Furthermore, these six libraries collectively demonstrated a remarkable
sequence novelty, with most transcripts likely representing unknown genes. However,
it is till possible that these novel sequences may be found in one or more of the
libraries. An important parameter indicating the quality of cDNA libraries is the
presence of contaminating sequences. In this regard, no bacterial or vector sequences
were detected, while a very low frequency (0-7.3%) of Alu repeats and rRNA
sequences were present. Thus, the high percentage of quality sequencing suggests
these libraries are representative with a concomitant maintenance of complexity.

The high incidence of detection of novel sequencesin only the first round of
anaysisisin itself, remarkable and surpasses the figure (4% per library) set out by the
gene discovery efforts of CGAP. Additional sequence analysis of these libraries is

likely to identify many new transcripts. These yet to be identified transcripts may
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indeed be uniquely expressed in ora epithelium. It therefore follows that the
expression pattern and the function of these genes may help to identify gene products
involved in the transformed and/or the metastatic phenotype, as well as additional
molecules that, without playing an obvious role in the neoplastic process, can
nevertheless be used as clinically useful markers of tumor development.

In this regard, the 55 known genes identified from this first round of
sequence analysis is in its self interesting, but whether they may play a role in
HNSCC tumor development is not documented. Of particular interest was the
sequence match to the monocyte chemotactic protein 3 precursor gene (MCP3), which
was readily detected in all three cDNA libraries from tumor tissues (ST1, ST2, 62T).
MCP3 is a chemokine known to induce the production of gelatinase B and chemotaxis
of monocytes. In addition, MCP3 is aso known to be produced by tumor cells and its
expression in HNSCC may play arole in tumor progression (Mantovani et al., 1992;
Opdenakker et al., 1994; Opdenakker et al., 1993; Opdenakker and Van Damme,
1992). Additional known genes, while not causal to tumor development, may be
useful makers. These include cornifin B, also known as small proline rich protein 1
(SPRR1). Its gene product has been reported expressed in the sublingual and tongue
epithelium and in malignant oral epithelium. While its precise function is unclear it
may be involved in the terminal differentiation status of keratinocytes (Fischer et al.,
1998; Fujimoto et al., 1997; Hohl et al., 1995). Its use as a marker of tumor
progression has been highlighted in a recent report (Nacht et al., 1999). Also included
is calgranulin A, which has a functional role in epithelium differentiation and whose
expression has been reported in a restricted subset of normal stratified sguamous

epithelium of the tongue and buccal mucosa (Wilkinson et al., 1988). In this regard,
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the expression of cytokeratins (4, 5 and 13) can be used as makers of epithelial
differentiation and atered expression of these proteins have been reported in ora
malignancies (Vaidya et al., 1996). Sequence match to kappa casein precursor and
many ribosomal proteins (S11, S20, S24, L3, L8, L38, L37) were readily detected but
whether they have any role in tumor development is currently unclear.

Although data presented in this report involves a limited set of tissue
samples, a high frequency of novel transcripts have been already identified from the
first round of sequence analysis, thus suggesting the presence of many unknown
genes that may play a critical role in the biology of oral epithelium. Indeed, by
subsequent sequencing of these cDNA libraries HNCGAP has aready identified the

additional 57 novel transcripts (http://www.ncbi.nlm.nih.gov/ncicgap). A detailed

analysis of the genes identified by the HNCGAP effort in these and additional cDNA
libraries constructed from tissues of oral origin, including different sites and stages of
malignancies, is aready in progress and will be reported shortly. Thus, we can
conclude that the construction of representational cDNA libraries form normal and
neoplastic oral tissues has resulted in the availability of cONAs for many novel genes
which are expressed in normal ora epithelium and in HNSCCs. These efforts,
together with the use of gene array technologies and LCM will soon make it possible
to define a pattern of gene expression in a tumor progression model of HNSCC. This
experimental approach is also expected to facilitate the identification of earlier
markers heralding malignancy, thus providing valuable tools of diagnostic and

prognostic value to study premalignant lesions.
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discovery of genes that are directly involved in tumor development, thus potentially
providing the means for early detection.

A large amount of gene expression data, including ESTs (expressed
sequence tags) and partial and full-length sequences has been recently generated by a
number of public and private organizations by the high throughput sequencing of
cDNA libraries and genomic fragments. The Cancer Genome Anatomy Project
(CGAP), whose primary goal has been to compile a complete catalogue of al genes
expressed in different tumor cells, can typify this approach. This effort is reliant on
the analysis of RNA isolated from a small number of isolated normal and tumor cells,
and the development of efficient methods to generate cDNA libraries that truly reflect
their expression pattern, as they exist in vivo (Krizman et al., 1996; Krizman et al.,
1999; Peterson et al., 1998). The available sequence information derived from these
representational cDNAS libraries, is aimed primarily to provide an annotated tumor
index that can lead to the identification of tumor specific genes, specific molecular
targets for each step of tumor progression, and for their use in prevention and
treatment strategies (Strausberg et al., 2000; Strausberg et al., 1997). Key to the
success of this effort has been the development of robust databases and easily

accessible Web-based analytical tools (http://www.ncbi.nlm.nih.gov/cgap), which has

generated a wealth of information freely available to the scientific community.

The CGAP effort has been primarily focused on the five most prominent
tumor types. breast, colon, lung, prostate, and ovarian. Other cancers, such as
squamous cell carcinoma of the head and neck (HNSCC), are also characterized by
high morbidity rates, affecting more than 500,000 new patients each year worldwide

(Landis et al., 1999). The 5 year survival rate of this cancer type, ~ 50% (Parkin et
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al., 1999), is relatively low, and its poor prognosis likely reflects disease
heterogeneity, the absence of any notable precursor lesion, and our limited
understanding about the molecular basis for this malignancy. To address these
deficits, the Head and Neck CGAP (HNCGAP) was established as a joint venture
between the National Institute of Dental and Craniofacia Research (NIDCR) and the
National Cancer Institutes CGAP initiative. The rational was to generate sequence
information initially from representational cDNA libraries derived from HNSCC cell
lines, primary oral keratinocytes and E6/E7 of HPV immortalized oral keratinocytes
(Shillitoe et al., 2000), to gain information on the nature of those genes expressed in
this particular cell type. However, cells in culture often exhibit genetic mutations
similar to those of the tumor of origin, but the molecules expressed are likely to be
quite different from those present in their natural setting, and highly dependent on the
particular culturing conditions. Thus, we next sought to obtain sequence information
from high complexity cDNA libraries derived from laser capture microdissected
(LCM) HNSCC tissue (normal and tumor tissue resected from HNSCC patient), to
begin defining more accurately, those genes that are expressed in this cancer type and
their molecular changes as they occur during tumor progression in vivo. Six high
quality LCM derived cDNA libraries has been thus far generated. Their initial
sequence analysis revealed that their gene discover rate is relatively high, 4-7%, thus
suggesting that many transcripts represent unknown genes which may indeed be
uniquely expressed in ora epithelium. Furthermore, it is expected that expression
pattern and function of these genes may help to identify gene products that may have

arolein HNSCC pathogenesis (L eethanakul et al., 2000).
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In this study we report the generation of extensive sequence information
from cDNA libraries derived from LCM-procured normal and cancerous sguamous
epithelium. Furthermore, with the use of the extensve CGAP database and
bioinformatics tools, we surveyed this sequence information comparing the data
generated from libraries representing normal oral epithelium and different stages of
HNSCC. The list of genes compiled from this work provides a first glimpse at the

pattern of gene expressed in HNSCC.

Materialsand Methods
Construction of Representational non-normalized cDNA Libraries from HNSCC Cells
The construction of cDNA libraries from HNSCC cell lines, primary oral
keratinocytes, and E6/E7 of HPV immortalized oral keratinocytes and their inclusion
in the CGAP has aready been reported (Shillitoe et al., 2000). In order to gain
information on those novel as well as known genes expressed in vivo, we chose to use
laser-assisted microdissection as the platform for the construction of representational
cDNA libraries. Briefly, RNA isolate from LCM derived cells from normal and tumor
epithelium resected from HNSCC patients, was subsequently used for the
construction of non-normalized cDNA libraries as outlined in the Krizman's protocol
1 (http://www.ncbi.nim.nih.gov/cgap). Total RNA (14.7-18.6 ng) was then used as
template to reverse transcribe the first strand cDNAs using oligo-dT priming,
followed by second-strand replacement and EcoRI linker addition. The resulting
linker-ligated cDNAs were assessed for quality on a 1.2 % agarose gel before
amplification by PCR using LINK-CUA primers designed specifically for the EcoRl

linkers (5 CUACUACUACUAAATTCGCGGCCGCGTCGAC 3') and cloned non-
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directionally into the UDG (uracil deglycosylase) cloning vector pAMP10 (BRL).
The resulting HNSCC cDNA libraries were initially assessed for quality assurance
prior to submission to CGAP for nucleotide sequencing and bioinformatics. Briefly, 1
ul of each of the library was used for transformation and recombinant clones from
each library were randomly picked, expanded in 96 well plates, and sequenced using
universal primers (M13f and M13r). Sequence information was used to assess the
overall diversity of the clones by searching available databases (GenBank, dbEST)
using BLAST (Basic Local Alignment Search Tool) program accessed through the
National Center for Biotechnology Information (NCBI) (http://www.ncbi.nim.nih.
gov/BLAST), for homology to known genes. For additional confirmation of diversity,
inserts were amplified for 30 cycles by standard PCR reactions and assessed for size

on an agarose gel.

Sequence Analysis of HNSCC cDNA Libraries.

After in house quality assurance, the cDNA libraries were transferred to the
Lawrence Livermore National Laboratories (LLNL, CA United States), for
preparation for sequencing and bioinformatic analysis prior to submission to the
CGAP database. All procedures at LLNL were performed using automated working
station, and cDNA libraries upon receipt were transformed and colonies subsequently
arrayed in 384 well plates. Replicate plates were made and sent to the Washington

University Human Genome Center (St Louis, MO), for nucleotide sequencing.
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The human Tumor Gene Index and Data Analysis

Nucleotide sequence information generated from the six high quality cDNA
libraries from normal and tumor tissue samples is publicly available by accessing the
CGAP database (http://www.ncbi.nim.nih.gov/CGAP/hTGI) and currently forms the
basis of a comprehensive human tumor gene index (hTGI). The goal of hTGI is
primarily to identify genes expressed during development of human tumors to
discover new human genes. Furthermore, specialized web-based analytical tools, such
as XProfiler, can be interfaced with the CGAP database following the available
instructions, to smplify analysis of various data sets (http://cgap.nci.nih.gov/Tools).
These sites are expected to provide all the necessary information online, enabling
investigators anywhere in the world to perform analysis that may help identify those
genes differentially expressed during development of human tumors and additionally
aid in the discovery of cancer genes not previously described.

For the analysis of HNSCC cDNA libraries, the tool browser, XProfiler
(http://cgap.nci.nih.gov/Tools) was used. The libraries were chosen on the bases of
tissue (normal and tumor), different stages of tumor development and sample
preparation (bulk and LCM derived RNA) and XProfiler then provided alist of genes
that from statistical analysis, may be differentially expressed in the tissue of origin.
This list includes genes that may be either unique or non-unique, known or unknown
genes, in either of the two libraries under analysis, for instance normal and tumor.
Criteria used to determine whether a sequence (gene/EST) is unigue or not are based
on whether it has been previously detected in other CGAP cDNA libraries. Genes
were considered as “unknown” if no match was found in available databases

(GenBank). Furthermore, the researcher is also able to obtain more information of



81

each cDNA clone from each library, for instance: the average insert size, type of

vector, and protocol, including tissue of origin.

Results
LCM Derived cDNA Libraries from HNSCC Tissues.

For the construction of cDNA libraries we chose biopsies from HNSCC
patients that had undergone surgery, which were received following appropriate
procedures. Where possible the inclusion of normal epithelium whether adjacent or
distant was included. Clinical features of these samples include the anatomical sites,
which ranged from the retromolar trigone region, floor of the mouth and the tongue,
therefore, considered representative of that of the most frequently detected HNSCC
neoplastic lesions. The actual lesions were carcinomain situ (CIS), well-differentiated
invasive carcinoma and moderated to poorly differentiated carcinoma. The matching
normal epithelium was assessed to be of sguamous origin. CGAP annotation of
cDNA libaries include HN7, HN9 and HN11 which correspond to the normal
epithelium matching to HN 8, HN 10 and HN12 are those form the lesions of the

same set.

Analysis of LCM derived cDNA libraries
All HN cDNA library information is available and can be accessed at

http://www.nchi.nlm.nih.gov/cgap/hTGI and http://cgap.nci.nih.gov. By searching the

CGAP database information on 14 cDNA libraries related to head and neck can be
retrieved. These include those derived from appropriate cell lines, which have been

reported previously (Shillitoe et al., 2000). For this study, we chose to analyze only



82

those that were derived from LCM procured HNSCC tissue (HN7-12). The database
provides a very detailed description of each library and is summarized in table 4.1.
The information includes the total number of sequences analyzed, unclustered
sequences, known genes and unigue genes. Furthermore, we chose to elaborate this
analysis by using the library tool browser XProfiler, to determine differences in this
gene classification when comparing between cDNA libraries from normal squamous
epithelium and those from squamous cell carcinoma. The gene list obtained is shown

intable4.2.

Genes of interest

The online information includes a library 1D link, which provides detailed
information on, for example, library discovery, diversity, statistics and list of genes
that may be of interest. In our analysis, shown in table 4.3, the list of genes identified

as of potential interest represented 1.1% - 34.5% of their individual libraries.

Common genes and EST

As shown in table 4.4, the tool browser XProfiler identified 57 known genes
and ESTs which were present in one or more of the libraries, and of these only 4
genes, calgranulin A, eukaryotic transation elongation factor 1 alpha, ATPase,
Na+/K+ transporting alpha3 polypeptide, and EST (Hs. 153423) were expressed in

al 6 cDNA libraries
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Differential expressed genes and ESTs in cDNA libraries derived from normal and
tumor sguamous epithelium.

From our anaysis using XProfiler, a total of 347 known genes were
electronically detected in only the 3 cDNA libraries derived from normal squamous
epithelium but not in tumors. Those genes present in 2 or more of the libraries are
indicated in table 4.5. However, when the same analysis was applied to cDNA
libraries from tumor tissue, atotal of 295 known genes were found to be differentially
expressed, and 10 genes of these are shown in table 4.6 as being present in two or

more libraries.

Emerging gene expression profilein oral sqguamous cell carcinomas

The 3 libraries derived from tumor tissues are representative of different
clinical grade (table 4.1). Therefore by using XProfiler, analysis can be made to
obtain alist of genes differentially expressed in these samples. Gene list consisting of
known genes and ESTs for tumor samples that reflect carcinomain situ (HN10), well
differentaited invasive carcinoma (HN8) and moderate to poorly differentiated

invasive carcinoma (HN12) are provided in tables 4.7- 4.9.

Discussion

Because cancer is agenetic disease, it isimportant to determine the nature of
the genetic alterations characterizing particular stages of tumorigenesis, which could
potentially lead to improve diagnosis and therapeutic strategies. For example, to
achieve a comprehensive gene expression profile of HNSCC, we need to catalog

genes from cDNAs that correspond to mRNAS expressed in normal, precancerous,
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and carcinoma cells. Towards this end, 6 cDNA libraries were prepared from three
patient tissue sets, comprised of normal ora squamous epithelium and carcinomas,
after procuring pure populations of cells from norma and malignant tissues using
laser capture microdissection (Leethanakul et al., 2000). As there is very limited
information on gene expressed in normal oral epithelium and HNSCC, we chose to
use non-normalized cDNA libraries. The advantage of non-normalized, non-amplified
libraries is that the transcript abundance of the original cell or tissue is accurately
reflected in the frequency of clones in the libraries (Ji et al., 1997), thus they can be
used for both gene discovery and to compare the expression of highly expressed
genesin different cells or tissue samples (Ji et al., 1997). These libraries were plated,
and a number of clones (121-882) from each library were randomly chosen for 3' end
sequencing to generate approximately 300 bp or more, which represents a unique
sequence tag for a particular transcript. The BLAST search algorithm was then used
to identify the homology of the sequences to those already available in databases.
Using this approach, we classified the DNAS as unclustered sequences, known genes
and unique genes. Their corresponding number can change over time, as more
sequence information is deposited in GenBank. For example, at the time of the first
round of sequencing the total number of unique genes was 189 genes, and it was
reduced to 138 genes at the time of analysis for this report.

The total number of the genes discovered for each library type is shown in
table 4.2. We analyzed them by grouping into normal cDNA libraries (HN7, 9, 11)
and carcinoma cDNA libraries (HN8, 10, 12) using the Library XProfiler

(http://cgap.nci.nih.gov/Tools). Of interest, there were a very high number of

unknown unique and non-unique genes discovered in these libraries (~280 genes),
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which is probably because these represent the first group of cDNA libraries from
microdissected HNSCC constructed thus far. In particular, there were 189 genes, 87
genes, and 4 genes discovered from the normal squamous epithelium, carcinoma, or
both, respectively. Thus, 67.5% of the unknown genes were discovered from the
normal cDNA libraries, which might be cell type specific for normal squamous
epithelium.

The CGAP hTGI cDNA xProfiler (http://www.nchi.nlm.nih.gov/cgap/hTGI)

allows for intergroup comparisons. For example, using the function logical and
operator we observed that 57 genes can be found in both normal and carcinoma
libraries, and 4 known genes and ESTs are found in al 6 libraries, which are listed in
table 4.4. Performing the Library XProfiler intergroup comparison using the function
logical not operator, we were able to identify genes expressed differentially in normal
and carcinoma libraries. In this case, there are atotal of 348 genes expressed in HN7,
9, 11 but not in HN8, 10, 12, and 298 genes cancer derived libraries but not in their
phenotypically normal counterparts. Those genes expressed at least in two libraries
for each group are likely to be highly represented, and are shown in table 4.5 and 4.6.
As HN8, HN10 and HN12 are carcinoma in situ, well-differentiated invasive
carcinomas and moderate to poorly differentiated invasive carcinomas, respectively,
we used the Library XProfiler to classify the known genes expressed in each of these
libraries that were not expressed in any of the normal libraries (HN7, HN9, and
HN11). For example, HN 10, representative of carcinoma in situ, expressed 150
known genes differentialy identified from normal squamous epithelium and well to
poorly differentiated invasive carcinomas. Those that were expressed at least twice

(30 genes) are shown in table 4.7. HN8, representative of a well-differentiated
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invasive carcinoma, expressed 15 known genes differentialy, as shown in table 4.8.
In addition, 37 known genes were differentially expressed in moderate to poorly
invasive carcinoma, and are shown in table 4.9.

This report is aimed to analyze the available sequence information using
analytical tools to begin establish expression profiles corresponding to each HNSCC
tissue grade, including carcinoma in situ, well differentiated invasive to poorly
differentiated invasive carcinoma. However, there are multiple steps in HNSCC
tumor progression that may need to be analyzed in more detail by engineering
additional representative libraries. Such an effort, including the construction of
additional cDNA libraries from HNSCCs and from putative precancerous lesions such
as hyperplasia and leukoplakia, is aready underway, and sequence information is
expected to be available shortly.

On the other hand, these emerging gene expression profiles should be re-
examined and confirmed in an extensive collection of clinical samples, for example,
by using DNA fragments as probes in in situ hybridization techniques, or by the use
of specific antibodies, when available, for the immuno-detection of their gene
products. Moreover, many new genes were identified in these cDNA libraries from
normal and cancerous squamous epithelial tissues. Their pattern of expression can
now begin to be investigated using high throughput technologies such as cDNA
microarrays and analytical software. This may lead to the identification of genes
correlating with the acquisition of a malignant phenotype, which may play a direct
role in squamous carcinogenesis or represent suitable clinical markers of disease
progression. Furthermore, the cloning of their coding region by currently available

molecular biology techniques or by the prediction of their upstream coding exons in
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the human genome may provide soon an exciting opportunity for the discovery of
novel proteins expressed in normal and cancerous ora epithelium, whose

physiological or pathological role can then begin to be addressed.
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Table 4.1: The general information from CGAP

Library  Librarytitle Librarytype Library protocol Origin Histology = Sequences Unclustered Known Unique

ID. genes  genes
Lib 1370 HN 7 LCM Non-normalized Floor of Normal 249 36 111 12
mouth epithelium
Lib 1362 HN 8 LCM Non-normalized Floor of Well 121 39 54 9

mouth differentiated

invasive
Lib 1363 HN 9 LCM Non-normalized  Retromolar Normal 879 402 177 55
trigone epithelium
Lib 1364 HN 10 LCM Non-normalized Retromolar Carcinomain 582 122 276 20
trigone situ
Lib 1371 HN 11 LCM Non-normalized Tongue Normal 494 158 198 35
epithelium
Lib 1372 HN 12 LCM Non-normalized Tongue Moderate to 133 51 70 7
poorly
differentiated

invasive
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Table 4.2: The number of genes identified as unique genes, non-unique genes

including know and unknown genesin these 6 libraries.

Libraries Unique genes Non-Unique genes

Known Unknown Known Unknown
NCI_CGAP_HN7,9, 11 0 105 212 91
NCI_CGAP_HNS, 10, 12 0 33 264 60
NCI_CGAP_HN7,9, 11 and HN 8, 10, 12 0 138 423 147
NCI_CGAP_HN7,9, 11 or HN 8§, 10, 12 0 0 53 4
0
0

NCI_CGAP_HN7, 9, 11 minus HNS, 10, 12 105 159 87
NCI_CGAP_HNS, 10, 12 minus HN7, 9, 11 33 211 56




Table 4.3: Genes of interest

UniGeneid Symbol Description Library
Hs.186571  ATP1A3  ATPase, Nat/K+ transporting alpha3 HN7,9,11
polypeptide
Hs.695 CSTB cystatin B (stefin B) HN7
Hs.135084  CST3 cystatinC HN11
Hs.240137 DKFZP586J1923 protein HN8
Hs.79368 EMP1 epithelium membrane protein 1 HN7
Hs.250591 ESTs HN9
Hs.256262 ESTs HN9
Hs.253854 ESTs HN9
Hs.250866 ESTs HN9
Hs.250591 ESTs HN10
Hs.253901 ESTs HN10
Hs.113943 ESTs HN11
Hs.254825 ESTs HN11
Hs.254353 ESTs HN11
Hs.254824 ESTs HN11
Hs.254821 ESTs HN11
Hs.254563 ESTs HN12
Hs.254828 ESTs HN12
Hs.254566 ESTs HN12
Hs.254565 ESTs HN12
Hs.254564 ESTs HN12
Hs.254350 ESTs HN12
Hs.254349 ESTs HN12
Hs.254348 ESTs HN12
Hs.254347 ESTs HN12
Hs.250597 ESTs HN12
Hs.254325 ESTs HN7
Hs.254083 ESTs HN8
Hs.254082 ESTs HN8
Hs.253905 ESTs HN8
Hs.253904 ESTs HN8
Hs.253848 ESTs HN8
Hs.253847 ESTs HN8
Hs.253846 ESTs HN8
Hs.253845 ESTs HN8
Hs.153423 ESTs HN10,11
Hs.56105 ESTs, weakly similar to WDNM1 protein HN7
precursor
Hs181165 EEF1A1  eukaryotic translation elongation factor 1 alpha HN7,9,11
1
Hs.81075 ECM1 extracellular matrix protein 1 HN7
Hs111334  FTL ferritin, light polypeptide HN10
Hs.172153  GPX glutathione peroxidase 3 (plasma) HN9
Hs.79022 GEM GTP-binding protein overexpressed in skeletal HN9
muscle
Hs.3235 KRT4 Keratin 4 HN7,9
Hs.74070 KRT13 keratinl3 HN7,10,11
Hs111758 KRT6EB keratin6B HN10

Hs.3297 RPS27A Ribosomal protein S27a HN9



Hs.100000  S100A8 S100 calcium-binding protein A8 HN7,10,11
(CagranulinA)

Hs.5476 VAKTI serine proteinase inhibitor HN10

Hs.139322  SPRR3 small proline-rich protein 3 HN10

Table 4.4: Common genes and EST
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UniGene Symbol Description Library

Hs.100000 S100A8 S100 calcium-binding protein A8 HN7-12
(CalgranulinA)

Hs.181165 EEF1A1 eukaryotic tranglation elongation factor 1 HN7-12
aphal

Hs.186571 ATP1A3 ATPase, Nat/K+ transporting apha3 HN7-12

polypeptide

Hs.153423 - ESTs HN7-12

Table 4.5: Common genes in normal squamous epithelium

Unigeneid  Symboal Description Library

Hs.1526 ATP2A2 ATPase, Ca ++transporting, cardiac HN9, 11

muscle, slow twitch2

Hs. 74316 DSP Desmoplakin (DPI, DPII) HN7, 11
Hs.253872 - ESTs HNY, 11
Hs.46423 H4FG H4 histone family, member G HN7,9
Hs.179943 RPL11 Ribosomal protein L11 HN7, 11
Hs.182979 RPL12 Ribosomal protein L12 HN7, 9, 11

Hs.539 RPS 29 Ribosomal protein S29 HN7, 11




Table 4.6: Common genesin HNSCC
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UniGeneid Symbol Description Library
Hs.174050 EDF1 othelial differentiation-related factor 1 HN10, 12
Hs.278546 - ESTs HN10, 12
Hs.181307 H3F3A H3 histone, family 3A HNS, 10
Hs.189509 HMG1 High-mobility group protein 1 HNS, 10
Hs.228785 - Homo sapiens cDNA FLJ10168 fis HN10, 12
Hs. 75545 IL4R Interleukin 4 receptor HNS8, 10
Hs.178391 L44L L44-like ribosomal protein HNS, 10
Hs.184108 RPL21 Ribosomal protein L21 HN10, 12
Hs.151604 RPS8 Ribosomal protein S8 HN10, 12
Hs.112408 S100A7  S100 calcium-binding protein A7 (psoriasinl) HNS, 10




Table 4.7: Differential genes expressed in HN10 (Carcinoma in situ)

UniGeneid Symbol Description Repeat
Hs.79274 ANXA5  annexin A5
Hs.178452 CTNNAL1 catenin (cadherin-associated protein), apha 1 3
(102kD)
Hs.21490 LOC51009 CGI-101 protein 3
Hs.75887 COPA coatomer protein complex, subunit alpha 2
Hs.83834 CYB5 cytochrome b-5 2
Hs.92323 FXYD3 FXY D domain-containing ion transport regulator 3 3
Hs.226795 GSTP1 glutathione S-transferase pi 3
Hs.5662 GNB2L1 guanine nucleotide binding protein (G protein), beta 2
polypeptide 2-like 1
Hs.75258 H2AFY H2A histone family, member Y 2
Hs.118625 HK1 hexokinase 1 2
Hs279921 LOC51669 HSPCO35 protein 2
Hs.250911 IL13RA1 interleukin 13 receptor, alphal 2
Hs.180446 KPNB1 karyopherin (importin) beta 1 2
Hs.117729 KRT14 keratin 14 (epidermolysis bullosa simplex, Dowling- 2
Meara, Koebner)
Hs.69559 KIAA1096 KIAA1096 protein
Hs.181357 LAMR1  laminin receptor 1 (67kD, ribosomal protein SA)
Hs.3709 QP-C low molecular mass ubiquinone-binding protein
(9.5kD)
Hs.80395 MAL mal, T-cell differentiation protein 2
Hs.75789 NDRG1  N-myc downstream regulated 2
Hs.155396 NFE2L2  nuclear factor (erythroid-derived 2)-like 2 2
Hs.184582 RPL24 ribosomal protein L24 2
Hs.119598 RPL3 ribosomal protein L3 2
Hs.169793 RPL32 ribosomal protein L32 2
Hs.184109 RPL37A  ribosomal protein L37a 2
Hs.174131 RPL6 ribosomal protein L6 3
Hs.241507 RPS6 ribosomal protein S6 3
Hs.73742 RPLPO ribosomal protein, large, PO 3
Hs.1076 SPRR1B  small proline-rich protein 1B (cornifin) 2
Hs.171581 UCH37 ubiquitin C-terminal hydrolase UCH37 2
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Table 4.8: Differential genes expressed in HN8 (well differentiated invasive

carcinoma)
UniGeneid Symbol Description Repeat
Hs.82396 OAS1l 2 ,5-oligoadenylate synthetase 1 1

Hs.90336 ATP6J ATPase, H+ transporting, lysosomal (vacuolar proton 1

pump), member J

Hs.10029 CTSC  cathepsinC 1
Hs.65134 CD24  CD24 antigen (small cell lung carcinoma cluster 4 1
antigen)

Hs.8986 C1QB complement component 1, g subcomponent, beta 1
polypeptide

Hs.147916 DDX3 DEAD/H (Asp-Glu-Ala-Asp/His) box polypeptide 3

Hs.1742 IQGAP1 1Q motif containing GTPase activating protein 1

Hs.69423 KLK10 kallikrein 10

Hs.165296 KLK13 kallikrein 13

Hs.771 PYGL  phosphorylase, glycogen; liver (Hers disease, glycogen

N N e =

storage disease type V1)
Hs.148027 POLR2B polymerase (RNA) Il (DNA directed) polypeptide B 1
(140kD)
Hs.75721 PFN1  profilin1
Hs.112341 PI3 protease inhibitor 3, skin-derived (SKALP)
Hs.101850 RBP1  retinol-binding protein 1, cellular
Hs.111065 USP6 ubiquitin specific protease 6 (Tre-2 oncogene)

N N
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Table 4.9: Differential genes expressed in HN12 moderate to poorly differentiated

invasive carcinomas

UniGeneid Symbol Description Repeat
Hs.82425 ARPC5  actinrelated protein 2/3 complex, subunit 5 (16 kD) 1
Hs.7957 ADAR adenosine deaminase, RNA-specific 1
Hs80986 ATP5G1 ATP synthase, H+ transporting, mitochondrial FO 1
complex,
Hs.101025 BTF3 basic transcription factor 3 1
Hs.8383 BAZ2B  bromodomain adjacent to zinc finger domain, 2B 1
Hs.98658 BUB1 budding uninhibited by benzimidazoles 1 (yeast 1
homol og)
Hs.155560 CANX Calnexin 1
Hs.140452 TIP47 cargo selection protein 1
Hs26584 DIAPH1 diaphanous (Drosophila, homolog) 1 1
Hs30661 ETFDH  eectron-transferring-flavoprotein dehydrogenase 1
Hs.82193 ESD esterase D/formylglutathione hydrolase 1
Hs.106673 EIF3S6  eukaryotic trandation initiation factor3, subunit 1
6(48kD)
Hs.6527 GPR56 G protein-coupled receptor 56 1
Hs.119537 SAM68  GAP-associated tyrosine phosphoprotein p62 (Sam68) 1
Hs.278589 GTF2 general transcription factor 11, i 2
Hs.87889 KIAAQ0928 helicase-moi 1
Hs.40154 JMJ jumonji (mouse) homolog 2
Hs.84087 KIAA0143 KIAA0143 protein 1
Hs.83419 KIAA0252 KIAA0252 protein 1
Hs.183006 KIAA0836 KIAAO836 protein 1
Hs.4014 KIAA0946 KIAA0946 protein;Huntingtin interacting protein H 1
Hs.75061 MLP MARCKS-like protein 1
Hs.83916 NDUFA5 NADH dehydrogenase (ubiquinone) 1 apha 2
subcomplex, 5
Hs.256526 NARF nuclear prelamin A recognition factor 1
Hs.91747  PFN2 profilin 2 1
Hs.99858 RPL7A ribosomal protein L7a 1
Hs.182426 RPS2 ribosomal protein S2 1
Hs.1948 RPS21 ribosomal protein S21 1
Hs.256290 S100A11 S100 calcium-binding protein A1l (calgizzarin) 1
Hs.77496 SNRPG  small nuclear ribonucleoprotein polypeptide G 1
Hs.44450 SP3 Sp3 transcription factor 1
Hs.184510 SFN Stratifin 1
Hs.155188 TAF2F TATA box binding protein-associated factor, RNA 1
polymerase I1, F, 55kD
Hs.77356 TFRC transferrin receptor (p90, CD71) 1
Hs.180248 ZNF124  zincfinger protein 124 (HZF-16) 2
Hs.2110 ZNF9 zinc finger protein 9 (a cellular retroviral nucleic acid 1

binding protein)




CHAPTER YV

Discussion and Conclusions

DISCUSSION

Until recently, the molecular biology of cancer was studied by concentrating
al efforts on one or a few genes at a time. However, recent advances in DNA
sequencing and microarray technologies, among others, have provided a unique
opportunity to monitor, simultaneously, thousands of genes as a high throughput
approach. Use of these technologies therefore, allows the scanning of gene expression
patterns and the search for those correlating with a disease stage. Furthermore, gene
expression profiles can now be investigated within a histologicaly defined,
homogeneous population of cells, thus affording the possibility of applying these
newly available techniques to investigate expression patterns in normal as well asin
neoplastic tissue. These revolutionary approaches are likely to have many advantages
in cancer biology, and particularly in the search for the still unknown mechanisms
involved in head and neck squamous cell carcinogenesis. However, this will also
require the development of effective methods to validate the biological relevance of
the newly identified candidate genes. Indeed, the use of tissue culture systems and
animal models to recapitulate this complex disease will be a central component of
these efforts. Furthermore, the effective use of DNA and RNA labeling techniques
and the development of immunological tools would be expected to allow the direct
examination of expression profiles in clinical specimens, including potentia
premalignant lesions. Thus, exciting opportunities are ahead of us, which will

certainly contribute to advance our understanding of the molecular basis of HNSCC.
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However, it is becoming increasingly clear that it will take a concerted effort from the
entire scientific and heath professona community to battle the ravaging
consequences of this disease.

The cancerous tissues often contain little relevant target tissue. Specimens
are often measured in millimeters and are inadequately preserved. The epithelium is
often “contaminated” by surrounding connective tissue, blood vessels and
inflammatory infiltrates. In addition, the epithelium may display different
histopathologic features of HNSCC carcinogenesis: normal, hyperplasia, dysplasia,
carcinoma in situ and invasive carcinomas. LCM allows the precise identification,
dissection and harvesting of pure cell populations that are more reflective of the
disease process in vivo than cell culture, which could be distorted by
conditions/selection pressures. Presently, LCM is being used on a wide variety of
human cancers. RNA from LCM-isolated HNSCC tissue has been successful isolated
and used to generate target samples for hybridization to cDNA filter microarrays. This
approach was used to isolate and amplify approximately 16.7 ng of high quality total
RNA from approximately 5,000 epithelial cells procured by LCM using RT-PCR.
These data indicate that complex AcDNA probes labeled with a-**P dCTP can be
successfully synthesized even from small amounts of total RNA for their use in
comparative hybridization studies of cancer genes expressed in HNSCC. This study
has helped identify a number of new candidate genes, which might play an
unexpected role in this carcinogenesis. Certainly, the expression of these genes needs
to be verified using other standard method such as. in situ hybridization,

immunocytochemistry and real time RT-PCR. Nonetheless, we can conclude that
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LCM generated target sample may provide the most accurate representation of in vivo
gene expression available.

Although data obtained involved a limited set of tissue samples, a general
trend is aready observed, implicating cell cycle regulating and signaling molecules,
growth and angiogenic factors, matrix degrading proteases, and survival and apoptotic
molecules. Furthermore, we obtained evidence implicating, for the first time, the
notch and wnt pathways in squamous cell carcinogenesis. Further analysis of a more
extensive sample collection using conventional and these recently available
technologies will make it possible to define a pattern of gene expression in a tumor
progression model of HNSCC. This experimental approach is also expected to
facilitate the identification of candidate markers potentially correlated with
malignancy, thus providing valuable tools of diagnostic and prognostic value to study
premalignant lesions. From these experiments, it can be concluded that the use of
LCM and cDNA arrays has alowed the detailed analysis of gene expressionin vivoin
HNSCC, and provided evidence for the feasibility of performing a detailed molecular
characterization in normal, premalignant, and malignant HNSCC cells.

Although cDNA arrays are likely to identify known genes with known
function, they may not provide a suitable platform for gene discovery. Instead, the
high throughput analysis of gene expression by nucleotide sequencing of clones
derived from HNSCC specific cDNA libraries was considered as an approach. The
effectiveness of sequencing ESTs for gene discovery was illustrated by the high
frequency of novel genes in non-normalized representational cDNA libraries
constructed from LCM derived tissues. These studies were successful in the

construction 6 cDNA libraries from LCM procured cells from norma and tumor
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tissues derived from HNSCC patients. The results form the quality assessment
demonstrated that these cDNA libraries were of a high diversity and the average size
was 500 bp. Collectively, our results indicated that high quality cDNA libraries can be
generated from microdissected HNSCC tissues. Furthermore, sequencing information
revealed the existence of at least 132 novel genes that may be preferentially expressed
in HNSCC. It is likely that these genes may play a role in the pathogenesis of
HNSCC, and may represent novel markers for early detection as well as targets for
pharmacological intervention in this disease. Sequence information from CGAP
identified additional novel genes. To date, approximately 138 genes can be identified
as uniquely expressed in HNSCC. However, this number is likely to decrease after
their discovery in other cDNA libraries. In response to the limited understanding of
the molecular mechanisms responsible for HNSCC, the identity of these novel genes
may help to elucidate their potential role in tumor development. This effort thus paves
the way for a detailed, systematic analysis of these clones, aimed to explore whether
any of these cDNAs are involved in the pathogenesis of this cancer type.

As web-based bio-informatic tools are available for their use with CGAP
databases, these cDNA libraries were analyzed in order to examine which clones were
differentially expressed. The advantage of this study was the possibility of performing
the analysis of genes differentially expressed between the normal and tumor tissue
derived from the same patient. Moreover, we began to explore which genes are
expressed at different stages of tumor development, including carcinoma in situ, well
to moderate differentiate invasive carcinoma, and severe differentiate invasive
carcinoma. Although these analytical tools are not able to analyze the differential

expression of al EST in each library, some of these unigue genes are clearly shown to
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exhibit a distinct level of expression at different tumor stages. With regard to the
limited set of tissue samplesin this study, certainly additional cDNA libraries need to
be constructed from tissues of head and neck origin, and from different site and stage
of malignancy, including hyperplasia, dysplasia and metasasis.

As part of the future direction of this project, al novel genes identified in
these libraries could be arrayed for the high throughput analysis using the
combination of advanced technologies, such as LCM and probe labeling, to scan gene
expression profiles and to search for those correlating with different stages of
HNSCC. The most interesting candidate genes could be quickly identified by this
approach. For those that may be deemed of importance, full length cDNA clones can
then be obtained for detailed functional testing, particularly to confirm whether these
genes play arole in tumor progression in HNSCC. We believe that this information
will aid our understanding of the molecular mechanisms responsible for HNSCC, and

will be helpful ultimately for the prevention, diagnosis, and treatment of this cancer

type.

CONCLUSION:

1. The successful use of laser assisted microdissection for procuring specific cells, in
particular norma and HNSCC populations, provided a novel approach and exciting

opportunities for understanding the molecular basis of HNSCC in vivo.
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2. The use of LCM and commercial cDNA arrays has allowed the detailed analysis of
gene expression in HNSCC, and provided the first evidence for the feasibility of
performing a comprehensive molecular characterization of normal, premalignant

and malignant HNSCC cells.

3. The general trends observed in this study included the higher expression of cell
cycle regulating and signaling molecule, growth and angiogenic factors, matrix
degrading proteases and survival and apoptotic genes in cancer cells, which may
play a role in tumor progression in HNSCC. Furthermore, this study obtained
evidence implicating, for the first time, the notch and wnt pathways in squamous

cell carcinogenesis.

4. The construction of representational cDNA libraries from microdissected normal
and tumor tissues from head and neck has resulted in the availability of cDNAs for

many novel genes expressed in normal squamous epithelium and in HNSCC.

5. Differential gene expression profile was examined using standard nucleotide
sequencing to identify all ESTs expressed in these libraries, and by the use of
extensive databases at the CGAP and bioinformatic tools. Novel and unique genes
where identified by this approach, and their specific expression at each stage of
tumor progression evaluated. Furthermore, these unique genes may represent
important candidates to facilitate the identification of early markers heralding
malignancy, thus providing valuable tools of diagnostic and prognosis value to

study premalignant lesions.
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6. The differential expression of known genes in each tumor stage was evaluated, and

available evidence suggests that some of these genes may be involved in head and

neck carcinogenesis.

7. All databases have been made available in the public domain at

http://www.nchi.nlm.nih.gov/ncicoap
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Distinct pattern of expression of differentiation and growth-related genes in .
squamous cell carcinomas of the head and neck revealed by the use of laser
capture microdissection and cDNA arrays

Chidchanok Leethanakul', Vyomesh Patel', John Gillespie®, Michael Pallente', John F Ensley’.
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Although risk factors for squamous cell carcinomas of
the head and neck (HNSCC) are well recognized, very
little is  koown about  the  molecular  moechanisns
responsible for this maliznaney. Furthermore, the ability
1o investigate pene expression profiles st ditlerent stages
of tumor progression is usually limited by the remarkable
heterogencity of these neoplastic lesions. Here, we show
the successful use of laser caplure  microdissection
(LCM) to procure specific cell populations. The S000
cells from representative sets of HNSCC il heir
matching normal tissues are sullicient to extract RNA of
high integrity for the synthesis of labeled amplificd
¢DNA probes which can then be hybridized to these
membranes arrayed with koown haman cancer=related
cDNAs. Furthermore, when compared to normal tissues,
we demonstrate a consistent decrease in expression of
differentiation markers such as cvtokerating, and an
increase in the expression of a mumber of  signal
transducing and ccll cycle regulatory molecules, as well
as growth and angiogenic lactors and tissue degrading
proteases. Unexpectedly, we  alse found  that  mwost
HNSCC overexpress members of the war and sorch
growth and dillerentiation  regulatory  system,  thus
suggesting  that the war and  norelt pathways may
contribute in squamous cell carcinogencsis. This experi-
mental approach may facilitate  the  identilication
candidate markers for the carly detection of prencoplas-
tic lesions, as well as novel tarvets for pharmacological
intervention in this discase. Oncogene (2000) 19, 3220 -
3224,

Keywords: oral cancer; tumor progression; oncogenes;
tumor suppressor genes; biomarkers

Squamous cell carcinoma of the head and neck
(HNSCC) is the sixth most common cuncer in developed
couatries, and of the 44 000 annual cases reported in the
United States, approximately 11 000 will result in an
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unfuvorable outcome (Landis er al., 1999; Parkin or af.,
1999). In spite of its high incidence, the molecular
mechanisms of this disease remain poorly understood.
However. the recently giined knowledge of normal and
aberrant funcuion of oncogenes and tumor suppressor
senes has provided unigue opportunities to understand,
and ultimately to control, the processes leading 1o
malignancy. Thus, the identification of the molecular
and genetic events invelved in each step ol tumor
progression may be central to understund HNSCC,
and for the development of diagnostc markers and novel
treatment stralegics.

Although HNSCC is thought to result from the
progressive accumulation of genetic lesions leading to
malignancy (Mo er af., 1998) the precise nature of the
affected molecules is still largely unknown. The recent
development of several high throughput, hybridization-
based methods utilizing cDNAs arrayed on nylon
membranes and plass slides allows the analysis of
hundreds of genes simultancously, and thus provides a
unique opportunity io identify genes expressed in
normal and tumor tissues, as well as to analyse gene
expression proliles in tumor progression. However, an
aecurate procurement of specific cell types for RNA
isolation is a critical step influencing the validity of this
analysis. In this regard, a novel technique of Laser
Capture  Microdissection (LCM) developed at  the
Laboratory of Pathology (Mational Cancer Institute),
enables the procurement of pure cell populations [rom
frozen human tissue sections (Emmert-Buck er al.,
1996; Simonc ef al., 1998), a key consideration as many
tumors, including HNSCC, arc heterogeneous, and
include areas of connective tissues, blood vessels and
even inflammatory cclls that infiltrate into the tumor
mass. Most importantly, microdissection allows analy-
sis of gene expression in specific cell populations as it
exists in sitw. In this study, we have used LCM to
procure specific cell populations from a representative
set of tumors and their matching normal tissues to
explore the [easibility of establishing a pattern of
expression of cancer-related genes for HNSCC.

Extraction of RNA from HNSCC and normal epithelial
coells procured by laser capture microdissection

Clinical characteristics of the human biopsies from
HNSCC patients who had undergone surgery and were
chosen [or the study are indicated in Table 1. The



Table 1 Clinical charactenstics of lesions from paticnts with

HMNSCC
Cluse Origin Lexian Farhalogy
WSU | Tongue Hynerplusia Severe hyperplusia
WSU 51 Laryngeal Carcinoma Mg e’ grak
Invasive und poorly
chifferentiated
WSU 58 Pharyngeal Carcinoma Mild 10 meoderane
dysplasia, moaderate
s well differentrated
s wvasive i plisces
wWsU 62 Tongue Cancinni Tovasive, moderate ta
well differentianed
WSLU 63 Tongue Caeeinama Maderate to poorly

chiTerentiated and
MYaEIVe

HMNSCC lesions upon biopsy were analvscd Tor clneal clssification
The five tssue sets (WSL 10 510 58, 62, 63) were opses Tron
paticats previously confirmed o have neaplastic lesions of the head
and neck. Anatomical site and severny of the lesions are indheated

anatomical sites of these lesions are representative of
the most frequent HNSCC sies, and  include  the
tongue (WSU 1, 62 and 63), huynx (WSU 51) and
pharynx (WSU 58). The pathology that was provided
with the tissues indicated that all lesions except WSU
1, were carcinomas, either poorly (WSU 51, 63) or
moaderate to well differentiated (WSU 33, 62). All
tumors were invasive. Tissue WSU 1 was conlirmed as
hyperplasia. Corresponding normal tissue, from the
same anatomical site and patient as the lesion, was part
of the tissue set and consisted of normal epithelium,
We considered these five tissue sets 1o be representative
of HNSCC, and thus suitable for assessing the
feasibility of using LCM fwr the detnilgd analysis of
gene  expression  in these cancer  lestons,  Before
proceeding, the histopathology wis conflirmed by a
board certilied pathologist. Microscopic visualization
of representative frozen tlissue sections (8 pm thick-
ness), stained with hematoxylin-cosin is shown in
Figure TA (a-d).

As shown in Figure 1B, the use of LOM enubles the
procurement of a pure population of squamous cells
(>95% purity) that can be used to extruct RNA.
Quality assessment of the RNA extracted from each
tissue was performed by RT-PCR of GAPDH. As
demonstrated in Figure 1C, RNA from two represen-
tative tissue sets (WSU 62, 63) was of sullicient quality
to be reverse transcribed and amplified using specific
primers for GAPDH, which generated u 600 bp
product. Similar results were obtained with the
remaining three tissue sets (data not shown), thus
supporting that LCM preserves the integrity of the
RNA extracted from HNSCC cells.

Hybridizarion and gene expression

Total RNA was reverse-transcribed using Superseript
Reverse Transcriptase (Life Technologies) and ¢DMNAs
synthesized for each sample were assessed for integrity.
In all cases, the average size of the reverse-transcribed
messages was approximately 500 bp (range 300-800 bp,
data not shown), which is similar to that achieved for the
construction ol highly representative ¢cDNA libraries
{Peterson ¢f al., 1998). cDNAs corresponding to normal
andd numar tissue from the same set were simultaneonsly
amplified and labeled with ="' JdCTP. Labeled
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amplified cDNAs (AcDNAs) were then used to "whridize

human cancer cDNA arrays (CLONTECH) containing

200-500 bp DNA fragments, in duplicates, for 588

known human cancer and nine housekeeping genes
gy e g alanen sk s avsspdatiop foscalaizyt aFe amealienie
-ury experiments, this procedure resulted in a highly
reproducible pattern of gene expression when using the
same RNA preparation and independently AcDNAs.
Membranes hybridized with complex cDNA probes
from a representative tissue set are shown in Figure 2A
and dlustrates the comparative differences in expression
of genes belonging to dilferent functional groups in both |
normal (upper panel) and tumor tissue {lower panel)
from the same patient,

Genes differentialty expressed

Examples of genes differentially expressed are shown in
Figure 2B and include the cytokeratins () and those
genes  belonging 1o the MAPK ({mitogen-activated
protem Kinase) (b) and wnr (wingless) (e} signaling
pathways, The amount of radiolabeled probe hvbridized
to cach arrayed cDMNA was quantified using Phosphor-
Imaging, and normalized by that hybrnidized to the
housekeeping genes (GAPDH). In preliminary experi-
ments, we found that under these expenmental condi-
tions differences of = twoflold were reproducible, and the
rudioactivity within the hnear range of detection. To
simplify the analysis, the main functional groups of genes
assessed to be dillerentially expressed ztwofold in at
least three of the four tumor sets when comparing each
ciuncerous epithelium to their corresponding normal
tissue were considered of likely biological significance,
and are listed in Table 2. They include genes involved n
the control of cell growth and differentiation, angiogen-
esis. apoptosis, cell cycle, and signaling, most of which
have not been previously implicated in HNSCC when
using other analytical approaches. These data indicate
that complex AcDNA probes labeled with o-"P dCTP
cun be successfully synthesized from small amounts of
total RNA for their use in comparative hybridization
studies of cancer genes expressed in HNSCC. Further-
more, these findings have helped identify a number of
new candidate genes, which might play an unexpected
role in SqQUAMOUS cArcinogencsis.

One of the most remarkable changes was the general
decrease in the expression of cytokeratins (2E, 2P, 6A-
F, 7. 13, 14, 15, 17, 18, 19), which were readily detected
in normal tissue but nearly absent in the cancer cell
population (2-20-fold reduction), most likely reflecting
the loss of differentiation in tumor cells. On the other
hand, we observed a clear increase in the levels of
cyelin DI (2-3-fold), as previously reported (Bartkova
er @, 1995), and those of metalloproteases (MMP-7,
MAMP-10, MM P-14), which reflects the highly invasive
behavior of this tumor type. Furthermore, we observed
a remarkable increase in the levels of many growth and
angiogenic factors including TGFx, TGFfl, EGF Cripto
prorein, PDGEF A chain and B chain (e-5is), different
FGF isoforms, HGF, and VEGF-C. This supports the
conclusion that this tumor type secretes factors that are
likely to induce epithelial cell growth in an autocrine
fashion in addition to promoting the growth of stromal
cells and the process of neovascularization (Desai and
Libutti, 1999). Furthermore, these tumors also over-
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express  several proapoptotic  molecules, including
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Figuee T {A) Histopathological features of HNSCC, Tissue sets, comprising of both normal and tumar from the same HMNSCC
patient, were snap [Tozen and &pm sectioss were stained with H&L. Histopathological features of progression of HNSCC from
normal 1o carcinoma are illustrated. Representative normal squamous epitheliumal from head and neck region shows an orderly
maturation from deen, to superlicial cell lavers marked by progressive flatlening af the cells and nucler (magnificatiorns 2.
Hyperplasia (b) is characterized by increwsed layers of epithelial cells throughout the lower third of the epithelium. normal
maturation, and intact basement membrane {magnilication » 200), Well-differentiated invasive squamous cell carcinoma €) shows
infiltration of the underlying stroma. loss of normal architecture, occasional keratin pearls, There is mild nuclear pleomorphism and
increased numbers of mitotic figures {magnilication = 500). Moderate to poorly-differentiated invasive carcinoma ) shows
infiltration of the underlying stroma with sheets of cancer cells showing marked nuelear pleomorphism and hyperchromasia. There
s nndahle absence of keratin pearls fmagnification x SI). (I8) For LCM procurement, an area of tumor, containing cells of interest
are visualized (a) and targeted for capture with a 30pm diameter laser beam ). The caps conlatning the capilured cells are hited ol
the fissue section ic), and the homogeneity of these cells is confirmed under a light microscope d) prior ta processing for RINA
extraction. Each laser beam procurcs 3-7 cells (magnification = 500). (C) Total RMNA was extracted from microdissecied tissues
(approximately 5000 cells) using guanidium isothiocyanate (GITC) snd phenol/chloreform extractions, isopropanal precipitation,
and treatment with DNAse [ in the presence of RNAse inhibitors. The integrity of the RNA was asscssed by amp]i{ying_GAPDH
by RT-PCR, using specific primers for GAPDH (sense primer SCCACCCATGGCAAATTCCATGGCA-Y antisense primer -
AT AGATGTONGTTCATUTOURTT ), MUK Temoms W pairmed wsing Grachmp R BCR Kt (Brrkin, Elman), and.
DNA products analysed on a 1.2% ugarose/CtBr gel. A 600 bp fragment is amplified, as abserved for both normal (N) and tumor
(T} tissues from HNSCC patients (WSU62 and 63). Apprapriate positive and negative contrals are indicated

caspase precursors, BelW, Bax, and Bog-f. but might
survive apoptotic signals through the overexpression of
apoptosis inhibiting molecules, including Ake2 and f4P
(inhibitor of apoptosis) (Ambrosini e af, 1997;
Granville et af., 1998). Also shown in Figure 2B,
cancer cells overexpressed signaling molecules pariici-
pating in the MAP kinase pathway, including ERKI.

Eltugsm

all isoforms of JNK (1-3), two p3& related MAPKs, p38
and ERKG, and their upstream activators, MEKK3 and
MEKKa, which is likely to contribute to the enhanced
growth stimulation in these cells. Interestingly, the
hyperplastic tissuc exhibited a pattern of gene expres-
sion nearly identical to that of the adjacent normal
epithelium, being only cyclin D/ and DP; over-
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Figure 2 Analysis of gene expressaon m HNSCC using cDNA armavs. For cach HMSOU fisave sei, AclINA probes were prepared
and used smultaneously for the hybridizatzon of nylon membrancs arrayed in duplicate with human cancer and housekeeping genes.
Probes were synthesized using 2pl of ¢cDNA for each reaction from tissue sels (normal and tumaor), el of dNTP mix (2.5 ma of

dGTP, dATE, dTTE and 5 ome aof JCTP. Perkin Elmer), 7500 dd.0, 10 10 = PCR seaction boller and 4pd 10 s PCR

primers (CLONTECH Smart ko Syl 10 ;o€ vl ="' JCTP and 2l Tag polymerase (Peckin Limer). Bach sample was mixed

and used 1o synthesis complex cI2NA prabe by PCR (1 min at 95C, then 30 cycles of 15 5 a0 950, 5 s at 65 Camd 5 min al 08°C,

and then cooled 1o 4C) For each sample. 34 mdependent PCR reactions were earvied out and combined after purilicanon (PCR
SELECT-IT colemns; SPrme-3Prime. [ne p The specitic activity of cach ¢I2NA probe wis assessed by santillavon counting, Human
cancer ¢DNA expression arrays (CLONTECH) amd he conditions used for hybrndiaton were essentially as deseribed in the
manulacturer’s protocal. After extensve wishes, the membrunes were analysed by Phosphorioaging (Maleculir Dynamies) and
auto-radiography, The hybradization of the cDNAR on the arrays for each ol the samples (normal and tumork was documented, and
the wentity ol the penes determned from the relabve postion, ax provided by the manefactorer. The comparative Jevel of
expression for cach pene was assessed by, Phaspholmaging, and expressed relative 1o that of the housekeeping genes (GAPDH).
Pattern of gene expression for a representative tissue set from the same HNSCC patient i shown. Differentially expressed penes in

three or more HNSCC tissue sets were considered of likely biological significance, and examples of those are indicaled

expressed, which might correlate with increased cell
proliferation. Thus, collectively these results demon-
strate that squamous cells exhibit & distinct pattern of
gene expression, which might help explain many of the
cellular abnormalities described in this tumor type.
Unexpectedly, genes involved in the wne and noreh
signaling pathway, were found to be highly represented
in tumor tissues (2- 3-fold). High expression levels of
some of these genes have been demonstrated in many
neoplasias and may have an implication in maintaining
an undifferentiated epithelium (Liu er af., 1996; Shelly
er al., 1999). For wnt, two wai receptors, frizzled and
FDZ3, and their downstream targets, dishevelled and fi-
carenin (Wodarz and Nusse, 1998) were highly
expressed. in (fe case ol porcA, the detection of” both
receptor and ligand (norch and jogged, respectively)
also supgests strongly their constitutive activation
{Artavanis-Tsakonas ¢r @l 1999). Furthermore, two
of the fringe genes, Manic and Lunwsic, which encode
pioneer secretory proteins that modulate Motch-ligand
interactions (Panin ¢r al. 1997) were similarly highly
represented. Thus, together these findings support an
unexpected role for the wmoich signaling system
squamous cell carcinogenesis. Their precise role in the

pathogenesis of HNSCC is currently unknown, and
warrants further investization.

Taken together, we can conclude that the use of
LCM and cDNA arrays has allowed the detailed
analysis of gene expression in HNSCC, and provided
the first evidence for the feasibility of performing a
comprehensive molecular characterization ol normal,
premalignant, and malignant HNSCC cells. Although
data obtained involved a limited set of tissue samples,
a general trend is already observed, implicating cell
cycle regulating and signaling molecules, growth and
angiogenic factors, matrix degrading proteases, and
survival and apoptotic molecules. Furthermore, we
obtained evidence implicating, for the first Ume, the
motch and’ Wil PAtiways m squamous cell carcinogen-
esis. Further unalysis of a more extensive saumple
collection using conventional and  these recently
available technologies will make i1 possible to define
a pattern of gene expression in a tumor progression
model of HNSCC. This experimental approach is also
expected to fucilitute the identification of candidate
markers potentially correlated with malignancy, thus
providing valuable tools of diagnostic and prognostic
value to study premabgnant lesions.

Oncogen
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Table 2 Genes highly represented in HNSCC

Cell cycle
133264 ede-2 Related kinase
X59768 Cyclin D1
ERE]] Cyclin 1
1140345 pI9INKA4D
U18422 DP-2

Angiogenesis

L1235 Thrambospondind precursor
U43142 VLGF-C

Xa7819 MMP-7

Xa7820 MMP-10

50477 MMP-i6

LI0R3 TIMP-3

L7656

Growth Factors amd Oncogenes

MIT730 HER2

MA7722 WIGTR 1

L12020 MIM2

M3 c-R1

17517 SRY

XETHIS H-Catenim

Xl4445 FGF 3

MATHIS FGT &

X3 sd FGF 6

MGG MGFRPS

Me&OTIX HGF precussos
K03222 TGl =2

Xo2812 TG od
M9G9 50 EGE Cripta protem CRI and 2
XO6374 PDGEa

XO02811 SIS

MR AN

Signaling molecules
X60%11 ERKI
X79483 ERK®6
UE2532 GDI Dissociation protein
L3525 MAP kinasc plf
L26318 INKI
L3195 JNEK2
L3414 INKA
Uvas7? MEEKG
UTRETG MEKKS3
M31470 Rus-like protein (TCI0)
L2580 Rhos
Apoplosis
U4sET8 Intubitor of Apoptous Protemn
U37448 Caspase 7 precursor
Uoos20 Caspase R precursor
uzEm4 Caspase 5 precursor
M7TI98 AKT2
LI59747 BCL-W
LITATIR TRA2
SR BALG-
1.22474 Bax
WNTNotch signaling system
M 73940 Motch |
L7493 Match 2
M99437 Noich group protein (N)
AFO2E39) Jagged 1
L37882 Frizzled
Us2ity Frizzled homolog (FZD3)
Lid6dal Dhshevelked homalog
U4314x Paiched hiomolog
Ligassl Manic fmnge
L4154 Lunate Minge

Ciene expression patlern for cach HNSCC tssue set (WSL 1 510 8%, 02, 63) was analysed by PPhosphortmaging and the relative amomn of
expression was compared with those of hewsckedping genes. Those penes judged 1o be dilferentially expressed at twofold in at least theee of
the cuncer tasue sels were considered of likely biological signiheance, and are listed in their corresponding functional groups, The Genellunk

aceess numiber Tor each gene = mchudal
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Abstract

Head and neck squamous cell carcinoma (HRSCC) is the sixth most common cancer ameong men in the developed world affect-
ing the oral cavity, salivary glands, larynx and pharynx. Utilizing tissue from patents with HNSCC, we sought 1o systematically
identify and catalog genes expressed in HNSCC progression, Here, we demonstrale the successful use of laser caplure micro-
disscction for procuring pure populations of cells from patient tissue sets comprised of oral squamous cell carcinomas (OSCCs) and
matching normal tssue, From the estimated 5000 cclls procured for each sample, we were able to extruct 10tal RMNA (14.7-18.6 ng)
of sufficient quality to transcribe GAPDH by reverse trmnseriplase-polymerase chain reaction (RT-PCR). The RNA was used for
the synthesis of blunt-ended, double-strand complementary DNAs (cDNAs) by olipo (dT)-mediated reverse transcription, followed
by addition of linkers. Primers specific for these linkers with uracil deglycosylase-compatible ends were used to amplify these
cDMNAs by PCR and the product was subcloned into the pAMPIO cloning vector. Ninety-six clones from each of six libraries were
randomly sequenced and results indicated that 76-96% of the inserts represent either anonymous cxpressed sequence tags (ESTs)
(25-48%), known genes (9-29%) or novel sequences (27-51%), respectively, with very little redundancy. These resulls demonstrate
that lugh quality, representative cDMNA libraries can be penerated from nucrodissected OSCC tissue. Furthermore, these finding
sugpest the existence of at least 132 novel genes expressed in our e[MNA libraries, which may have 4 role in the pathogenesis of
HNSCC, and may represent novel markers for early detection as well as targets for pharmacological intervention in this discasc.
Published by Elsevier Science Lid.

Keywards: Oral cancer; Gene expression; CGAF; Tumaor progression

L. Introduction ncluding cancer [1]. Indeed, altered expression of some
of these genes 15 now thought to be the basis of most
neoplasias, either because they are expressed at abnor-
mally high or low levels, or due to their ability to encode
aberrant proteins upon mutations in their coding

sequence [2]. In this regard, the availability of a catalog

From the estimated 100,000 genes in the human gen-
ome, 4000 of these may be directly related to disease,

* Corresponding author. Tel: + 1230 -d02.3134; fux; +1-301-435.
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E-mail  oddresses:  dkrizmangéhelivailgoy (DB,
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1 Egual contribution by the authors.
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of genes expressed in tumor cells may provide a finger-
print of their genetic make up, and comparison with
that of their matching cells exhubiting 4 normal pheno-
type can help identify genes that either by their presence
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or absence, can be causal in cancer. It follows that
knowing the identity of these genes will not only
enhance our understanding of the molecular basis of
this disease and its progression, but it will also provide
novel means for its early detection and subsequent
(reatment.

In response to our limited knowledge of the molecular
mechanisms of many neoplasias, the Cancer Genome
Anatomy Project (CGAP) supported by the National
Cancer Institute (NCID), was established with the goal of
creating i complete information infrastructure of genes
expressed during tumor progression, which s also
expected o yield early markers of cancer, thus provid-
ing an opportunity to improve our alulity to maich
patients with appropriate  treatment  strategies. The
CGAP imitiative involves the generation ol com-
plementary DNA (cDNA) libranes rom cancer. cells,
and alter random sequencing, expressed genes aie then
cataloged and compared wath those from the corre-
sponding normal ussues. In doing so, CGAP has also
become the leading effort in gene discovery. Further
success of this approach has been the development of
robust datubases and easily accessible Web-based ana-
Iytical tools for comparative use [3-3].

Squamous cell carcinoma of the head and neck
{HNSCC) are neoplasug lesions found predominantly n
the oral cavaty, including the salivary glands, kirynx and
pharynx [6). Despite recent advances m our under-
standing, prevention. and treatment of other types of
neoplasias, HNSCC still remains the sixth most com-
mon cancer ameng men in the developed world [7] and
in the United States alone approsimately 13,000 deaths
occur yearly as a result of this disease [8]. The high
morbidity rate for this malignancy can be attributed to
many lactors, which include lack of suitable markers for
carly detection, late presentation, insensitivity to aviul-
able treatment, and our limited understanding of the
molecular mechanisms responsible for this disease [9].
In this regard, the identity of those genes that may have
a role in the progression of HNSCC has yet 1o be lully
clucidated. Therefore, in an attempt 1o begin addressing
the molecular basis of this cancer, the Head and Neck
CGAP (HNCGAP) was estublished as 2 cooperative
effort between the MNational Institute of Dental and
Craniofacial Research (NIDCR} and the National
Cancer Institute’s CGAP initiative.

A major scientific challenge in HNSCC is our under-
standing of the moleculur events that drive tumor
progression in vivo [10]. This problem is further com-
pounded by the heterogeneity of this tumor type. Thus,
gene expression analysis using bulk tissue or tissue
areas of interest manually microdissected, might not be
representational and of limited value when using this
body of information for assessing gene expression pro-
files in HNSCC. Of interest, the use of laser capture
microdissection (LCM) [11-13] allows the procurement

of pure cell populations for RNA isolation, thus pro-
viding an appropriate platform for current efforts in
defining the nature of those genes expressed in HNSCC,
and their potential contribution to neoplasia [14,15).

In this study we have used HNSCC and their match-
ing normal tissues from patients with oral cancer
lesions. We demonstrate the successful use of LCM to
procure specific cell populations. Furthermore, we show
that 5000 cells are sufficient to extruct RNA of high
integrity for the synthesis of high-quality representa-
tonal cDNAs libraries. Furthermore, sequence analysis
of rundomly selected clones from each library indicates
that 76-96% of the inserts represented anonymous
expressed sequerce tags (ESTs) (25-48%), known genes
(9 29%) or novel sequences (27-51%). respectively, and
with very little redundancy among libraries. Emerging
sequence information suggests the existence of many
novel genes, whose lunction in tumor development can
now begin to be evaluated.

2. Materials and methods

-

2.1, Tissue soples gud LCM

Biopsics from paticnts confirmed to have carcinomas
of the ora! cavity were immediately fixed in 70% ctha-
nol and subsequently embedded in optical cutting tem-
perature (OTC) as described (htp:/dirnichd.nih gov/
lem). Using a cryvostat, 8-pm thick tissue sections were
cut emto KNAase free glass slides, and prior 1o LCM,
hematoxylin and eosin (H&E) -stained sections were
analyzed and conflirmed by a board-certified patholo-
gist. The use of LCM (Arcturus Engineering, Mountain
View, CA, USA) was cssentially as described [13]. This
procedure enables the enrichment of a pure cell popu-
lation onto plastic caps coated with a transparent ethy-
lene vinyl acetate thermoplastic film. Microdissected
cells were assessed microscopically and the caps con-
taining the procured cells were subsequently transferred
1o a 0.5 ml RNAase free microfuge tube containing
appropriate lysis buffer for extraction of total RMNA.

2.2, Extraction of RNA and assessment of RN A
integrify

The procedure of extracting RNA from micro-
dissected cells is described in detail elsewhere (http:f/
dir.nichd.nih.gov/lem). Briefly, cells were digested in
lysis buffer containing guanidium isothiocyanate and f3-
mercaptocthunol and total RNA extracted from the
supcrnatant with 2 M sodium acetate. saturated phenol
and chlaraform-isoamyl alcohol. The RNA was subse-
quently precipitated from the resulting aqueous layer
with ice-cold isopropanol and glycogen (10 pg/pl).
The resulting RNA pellet was treated with DNAase |
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(10 units/pl) and RNAase inhibitor (20 units/pl), repre-

cipitated and resuspended in 3.5 pl detomized water and

1 pl of 20 Ufpul RNAase inhibitor. The integrity of each
RNA sample was assessed as described. Briefly, | pl of
RNA was reverse transcribed vsing the GeneAmp RNA
PCR kit (Perkin Elmer, Branchburg, NJ, USA) flollow-
ing the supplied protocol. and 2 pl of the resulting
cDNA was used to amphfy GAPDH with specific pri-
mers using polymerase chain reaction (PCR) conditions
according to  the manufucturer’s recommendations
(Perkin Elmer).

2.3, Quaniification of torad RN A exivacied from
microdissected volls

Total RNA extracted from microdissected cells was
quantified using the VersaFluor™ Fluorometer system
following the munubacturer’s recommendations (Bio-
Rad Laboratories, Hercules, CA, USA). Briefly, | ml of
TE (1X) containing 1 pl of total RNA was mixed with
an equal volume of diluted Ribogreen prabe (1:3000 in
IX TE). After incubation {5 nun), the samples were
measured for RNA using excitution and.. emission
wavelength of 495 and 525 nm, respectively, The
amount of total RNA was quantified aginst stundurds
(1-30 ng), which were prepared according o the manu-
facturer’s recommendations.

2.4. Svmthesis of e DNAs from wotal RN A and library

consiruciion

Synthesis of double-strand cDNAs from total RNA
extracted rom microdissected cells was as previously
deseribed [14]. Briefly, using the Superscript Choice
System (Life Technologies Inc.. Guthersburg, MDD,
USA) and following the supplied protocol, RNA sam-
ples from microdissected tissues (5000 cells) were
used as templates to reverse transcribe [irst-strund
cDNAs. The second-strand replacement and EcoRI
linker addition reactions were followed as described
[13). Briefly. RT reactions containing 5X second strand
buffer, 10 mM dNTPs. Escherichia coli DNA ligase,
E. coli DNA Pol 1, and E. coli Rnase H were incubated
at 16*C for 2 h and after the addition of 2 pl of T4
DNA polymerase, the reactions were incubated for a
further 10 min. After extracting and precipitating with
phenol/chloroform -and  ethanol, respectively, the
cDNA pellets were resuspended in ddH 0 and used to
ligate EcoRI linkers. The linker-ligated cDNAs were
purified in 1% low-melting agarose and cDNA pro-
ducts (0.4-2 Kb) were excised and the agarose was
digested overnight at 37°C wath f-agaruse (New Eng-
land Biolabs, Beverly. MA. USA). After extract-
ing with phenolfchloroform and precpitating with
ethanol and glycogen (20 pg/ml) respectively, the
cDNA pellets were washed with 70% ethanol, air dried

and resuspended in 20 pl ddH,O. Two microliters af
linker-ligated ¢cDNAs was used to assess the quality on
a 1.2% agurose gel.

235, PCR amplification of double-strand ¢ DNA

Amphification of double-strand cDNAs by PCR was
essentially as described [14]. Briefly. 18 pul ¢cDNA of
template, ddH,OQ. 10X PCR buller. 10 mM dNTPs,
I uM linker-specific primers and Tag polymerase, was
used for a single PCR reactnon. Conditions for PCR
were 3 min at 94°C Tollowed by 15 cyeles at 94°C fon
155, 65°C for 15,5, 72°C for 3 min and o final extension
at 712°C for 5 min, The PCR products were purified,
isopropanol-precipitated and washed with 70% ethanol
prior lo resuspending i 10 ul ddH-0

2.6, Subclowing and assessmient of DN A libraries

Onc microliter of cach of the amplilicd cDNAs
was non-directionully cloned into the wradil deglyco-
sylase (UDG) cloning vector pAMPIO (Life Technolo-
gies) and the cloning reactions were subsequently used
for transformaton, Resulting clones were randomly
picked for assessing insert size and sequencing, Uni-
versal primers (MU0 and MI3r) for pAMPI were
used 10 amphfy inserts with 30 cveles of standard
PCR reaction and these reactions subsequently ana-
Iyzed for diversity by assessing the insert size on a
1.2% agarose pgel.

2.7, Sequencing of ¢DNA fibraries aned data analvsis

Recombinant clones from cach library were randomly
picked, expanded in 96-well plates, and sequenced using
M I3 forward primers. Individual clone sequences were
subsequently analyzed by scarching availabie duta 'bases
{GenBank, dbEST) by the Basic Local Algnment
Search Tool (BLAST) program accessed through the
National Center for Biotechnology Information (htp://
www.nchi.nlm.nih.gov) for the search of homology to
known genes or ESTs.

3. Results
3.4, Scheme of experimental procedure

The experimental strategy for this study is illustra-
ted in Fig. 1. Normal and pathelogical oral squamous
epithelium were visualized under the microscope and
appropriate cells were microdissected with individual
laser shots. Caps containing approximately 5000 cells
were processed for RNA and subsequently assessed
for quality. The mRNA served as a template for
library production. After transformation, clones from
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Normal

Laser caplure

microdissection

Reverse Transeription

mRMNA i e i s i i, L PR

== TITTTT
Adaptor Additien l l—— Cuality control
——— AAAAAA ] ]
—— TTTTIT e cldNA
LT 1™
Clone by UG mcethod 1
Chuality control
Screening
p——
CGAD

pAMPL0 plasmid by

Data Analysis
-Sequencing
-Blast Information

!

Anonymoeus ESTs
Knawn penes

Movel gencs

Fig. 1. Scheme illustrating the experimental procedure used in the study. Mormal and malignant oral keratinocyles are procured by laser capture
microdissection and the BNA extracted. After asscssment of the quality, the RMA samples are reverse transeribed and with the resulting cDMAs,
adaptors are ligated to cnable cloning. Clones from cach cDNA library are sequence analyzed and prepared for Cancer Genome Anatomy Project
{CGAP). The available data are further analyzed using the Basic Local Alipnment Scarch Tool (BLAST) program to determine whether any of the
information matches 10 anonymaus expressed sequence tags (ESTs), known genes or represent navel penes.

each ¢cDNA library were sequence analyzed and pre-
pared for CGAP submission. The sequencing data
were analyzed using the BLAST software to assess
whether individual clones matched previously identi-
fied genes or anonymous ESTs, or represented novel
sequences.

3.2, Clinical and histological feature of HNSCC tissues
samples

Clinical samples were obtained from HNSCC patients
that had undergone surgery. Samples used for this study
were from male patients and the age ranged from 46 to
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71 vears upon presentation of the lesions. The main
clinical features of these lesions as diagnosed by a
board-certified pathologist are summarized in Table 1.
However, before proceeding, we confirmed the patho-
physiology of these tissue samples. Their anatomical
sites are representative of that of the most frequently
detected neoplastic lesions, and include the retromolar
trigane region (S1), floor of the mouth (82) und tongue
(WS5U 62). The corresponding lesions were carcinoma in
situ (CI%), well-differentiated invasive carcinoma and
moderate to poorly differentiated carcinoma, respec-
tively. For each tumor sumple, adjacent normal tissue
comprising squamous epithelium was also provided and
in all cases the histopathology was conflirmed. Frozen
tissue sections (8 pm) stained with H&E are illustrated
in Fig. 2. Normal squamous epithelium 51 (A} 52 (B)
and WS 67 (C) that mutch to the tumor samples,
showed an orderly architecture that ranges from imma-
ture small round cells in the basal layer 1o those of
mature fattened cells with abundant cytoplasm and
small nuclei at the superficial layer (3 500). In all cases.
the basement membrane was observed to be mntact. In
contrast, tumor sample 51 (D), a carcinomit i situ,
showed a variation in size and shape of cells. nucle
pleomorphism, hyperchromasia, and loss of normal
cellulur maturation {x500). Tumor sample 32 (ElL «
well-differentiated  squamous cell carcmomu, showed
infiltration of the underlying stroma with sheets and
islands of cancer cells displaying nuclear pleomorphism
and hyperchromasia. Furthermore, occasional Keratin
pearls were observed (x500). Tumor sample WSU 62
(E)., a maderate to poorly dilferentinted invasive carci-
noma, showed infiltration of underlying stroma as
sheets and islands of cancer cells showing marked
nuclear pleomorphism and hyperchromasia. In this
sample, there is distinct absence ol keratin pearls
{%500). The data illustrates that anatomical and histo-
logical differences in tumor samples make them suitable
for their use in identifying those genes that may be c-
tical in tumor development.

3.3 Total RNA extractable from microdissected tissues

Before proceeding with the construction of repre-
sentational eDMNAs from the tissue sets, we sought to

determine the amount and integrity of total RNA that
wus extractable from upproximately 5000 micro- '
dissected cells. As shown in Table 2, the average amount
of total RNA that was quantifiable using the fluoro-
metric system, was 16.7 ng and this was demonstrated
o be similar (14.7-18.6 ng) among samples. [n addition,
when 2000 and 10,000 cells were microdissected [rom
each tissue sample, the average amount of total RNA
extracted was 7.9 and 214 ng, rospectively (data not
shown).

The integrity of the RNA in all cases was assessed by
RT-PCR of GAPDH. As demonstrated in Fig. 3, RNA
extracted from all tssue sets (S1, S2, WSU 62) was
considered 1o be of sufficient quality to be reverse tran-
seribed and amplilied using specific primers, which yiel-
ded a 600 bp PCR product of GAPDH. The data
demonstrate that small amounts (ng) of 1otal RNA
extracted from microdissected cells are of suflicient
integrity to synthesize and construct representational
cDNA libraries from oral carcinomas and matching
normal epithelium.

34, Quality askessment of amplified double-sirand
cNAx =

As the integrity of total RNA was maintained, we
next determined whether this would be reflected m the
synthesis of high-quality cDNA libraries. Double-strand
cDNA product of each tissue sample was amplified by
PCR and the quality determined on an agarose gel. A
homaogenous smear (200-1500 bp) was observed for all
samples, indicating sufficient complexity of transcripts
for library construction {(duata not shown). Amplified
cDNAs were purificd, subcloned, and randomly prcked
clones (12) from each library were analyzed to deter-
mine the average insert size, In all cases, the average
size was observed to be around 600 bp, with a range of
00-1500 bp (data not shown). The data indicate a
complexity of cDNAs that may be representational of
the genes expressed in oral epithelium.

3.3 Sequence analysis of cDNA libraries

After quality control, 96 clones were randomly picked
from each of the six cDNA libraries, expanded,

Table 1

Clinical characteristics of lesions from patients with head and neck squamous cell carcinoma (HMSCC)

Sample Age Sex Ohrigin "athology

5l G5 M Retromolar trigane Carcinoma in situ

52 T Y] Flowpr of mouth Well-differentiated invasive

WsL 62 Chi] M Tongue Maderate to poorly differentiated invasive

2 Tissues, including adjacent normal mucosa, were surgically remaved from patients with oral carcinomas for clinical classification. Anatomical
site and sevetity of the carcinomas, S1, 52 and WSU 62 are indicated. In all cases, corresponding normal tissues were confirmed as squamaus
epithelium.
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Fig. 2. Histopathological features of head and neck sguamous cell carcinoma (HNSCC). Tissue sets. comprising of both normal and pathological
lesion fram the same HNSCC patient, were snap-frozen and Sum thick sections were stained with hematoxylin and cosin (H&E). Histopathological
features of progression of HNSCC from normal to carcinama are demonstrated. Representative normal squamous epithelium (A.B.C) from the oral
cavity shows an orderly maturation with progressive flattening of the cells going from deep 10 superticial cell layers, uniform small nuclei, and low
nuclearcytoplasmic ratio (magnificationx 500). Carcinoma in situ (D) shows a variation in size and shape of cells, nuclear plesmarphism, hyper-
chromasia and a loss of noemal cellular maturation is observed. There is no breach of the hascment membrane (magnification 500). The well-
differentiated squamous cell carcinoma (E) shows infiltration of the underlying stromu with gheets and islands of cancer cells showing nuclear
pleomorphism and hyperchromasia, Occasional keratin pearls are also observed {magnification: 500). Moderate 10 poorly differentiated invasive
carcinoma (F) shows infiltration of the underlying stroma as sheets of cancer cells showing marked nuclear pleomorphism and hyperchromasia.
However, a notable absence of keratin pearls is noted (magnificatione 500},

sequenced and their nucleotide sequences analyzed
using the BLAST program. The cumulative information
is summarized in Table 3. Analysis of the nucleotide
information obtained from the successful sequencing of
76-96% of the inserts indicated that these DNAs
represent either anonymous ESTs (25-48%), known
genes (9-29%) or novel transcripts (27-51%). respec-

tively. Both Afu repeats and ribosomal RNA were
detected at low frequencies in all six libraries (2-9%)
and no sequences of mitochondrial or bacterial origin
were recorded. Approxinately 7% of the total number
of clones analyzed were either without insert or con-
tained short sequences that were uninformative. The
data indicate the successful cloning of a large number of
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Table 2
Taotal RMNA extracted Mrom microdissecied tissuet

Tissue 51 52 WSsU 62 Average

M T N T M T

RMA(ng) 186 156 139 173 178 147 167

* RNA extracted from S000 cells nucradissected fram the three tis-
sue sets (51, 82, WSU 62) was labeled with a Auorewent dye and
quantified using appropriate standards and using 2 VersaFluot™
Fluorometer, The amount of ol RNA exiractable for non ol (M)
and umor {T) epithelivm, using the experimentul conditons eserihed
in Section 2 and the average Tor all six samples s mdicated . The data
are representative of three separiie expeaments

novel transcripts that are hikely 1o be representative of
those expressed in normal and malignunt oral epithelium.

3.6. Fdentification of knovwn genes in cDNA lilraries
from oral epithelivm

We next determined, by using the BLAST program,
whether any of these sequences matched known genes.
Those that were identified as being expressed in any of
the six libraries are listed in Table 4. Of interest, known
genes identified more than once in a2 library include cal-
granulin A, kappa cascin precursor, clalin precursor,
monocyle chemotactic protein 3 prccurmr‘. evchn 1, ker-
atin 13, keratin 56 kD, cornilin B and the interleukin-1
receptor antagonist protein precursor, Collectively, of
the known genes identified. six were represented in lwo
or more of the libraries and are listed in Table 5. Kappa
casein precursor was common in all the libraries and
monocyte chemotactic protein 3 precursor wis repre-
sented in librares made from all tumor tssues and one
normal (62N). The keratin 4 was detected in two normal
libraries (S1, 52) whereas the keratin 13, calgranulin
A (calcium binding protein AB) and cornifin B (small
proline rich protein, SPRR 1B) were identificd in two of
the librarics.

4, Discussion

Approximately 10% of the total number of genes are
suspected to be expressed in a given cell type. Determining
their identity is an important first step towards under-
standing the patterns of gene expression that mediate
normal cellular physiology and disease process. In this
study, we report the construction of six high-quality
cDNA libraries from tissues of oral origin, including
normal and malignant epithelium. Previous studies have
reported on penes that are expressed in tussue specimens
containing squamous epithelium [16]. However, these
studies utilized heterogenous tissues as starting material,
thus the expression dita may not reflect the penes that
arc specifically active in the epithelium. In contrast, for
the present investigation, we procured pure populilions
of cells (approximately 95% purity) from normal and
malignant epithelium vsing LCM.

A molecular fingerprint of every expressed pene in
cach cell type 1s its mRIMNA. but this usually constitutes
approximately 5% of the total RNA [17]. Therefore,
the quantity and integrity of RNA extracted from the
starting material are important considerations to ensure
that the pene expression analysis 15 representational. In
addition, procedures involved in tissue isolation using
LCM may themselves limit this type of analysis by
racilitating RNA degradution. However, from approxi-
mately 3000 cells procured from cach lissue sumple by
LCM, we were able 10 demonstrate that the RNA
extracted was quantifiable and of good integrity as
assessed by the ability to amplify GAPDH.

cDMNA libraries were prepared from three patient tis-
sue sets, comprised of normal and tumor oral epithe-
lium, Our primary goal from this study was to identify
those genes whaose expression may be solely confined to
the malignant oral epithelium and these may be causal
in the development of HNSCC. In addition, we wanted
to use these high-quality cDNA libraries to contribute to
the HNCGAP, in their gene discovery efforts and those
of systematically cataloging cancer genes from different
ncoplasias. We and others (http:ffwww.nebinlm.nih.

GAFDH

Fig. 3. Assessment of RNA integrity by reverse transcriptase-polymerase chain reaction (RT-PCR). Total RNA was extracied lrom microdissected
tissucs (approximately S000 cells) as deseribed in Section 2. RNA intezrily was assessed by RT-PCR of 1h6 A PDH gene. Using specific pnmers for
GAPDH, a 600 bp fragment is amplified, as ohserved for all the tissue samples. Appropriate positive and negative controls are indicated. Data
shown is representative of four independent experuments,
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Tahle 3
Cumulative sequence analysis of 96 head and neck sguamous cell car-
cinoma (HMNSCC)-specific cDMA clones

CDNA library Sl 52 WS 62
N T N T N T
Clones analveed 93 92 73 84 X2 1]
Known genes b 27 k] 3] v 14
Ananymous ESTs 44 35 1% 25 42 4|
Movel sequences k¥l 4 K] 43 2 0o
Expressed Afu repeats 3 4 i x 7 4
Ribasomal RNA [ 2 i 1 ] i

* Random clancs (96) from libranes construcied from normal (M)
and tumor (T} eputhelum were soyuenced and thes mformation was
used 1o search avinlable databases, using the BLAST program Clones
frovn the six hibraries seere suhwqucntlg.' categareiad s laving sequen-
cos sl (o known genes, these that matched 1o expressed seguence
tags (LT and chose hat showed neo signilicants hemalogs. Foe
guency of Al repeats and nbosomal RNA sequences s tndicaied

#ov) have previously contributed to the HNCGAP
initiative. However, ¢cDNA  libraries for these ellorts
were ecither constructed from bulk tssues or from
representative HNSCC ecell ines and from ndimal and
immortalized gingival keratinocytes [18]. To dute, this
report is the first desenibing the construction of cDNA
hibraries from microdissected oral epithelium which may
represent more accurately those genes expressed i vivo,

From the first round of analysis, sequence informa-
tion was obtained from approximately 76-96% of
clones analyzed, which included anonymous ESTs and
known genes. Furthermore, these six hbraries collec-
tively demonstrated a remarkable sequence nowvelty,
with most transcripts likely representing unknown
genes. However, 1t s stll possible that these novel
sequences may be found in one or more ol the libraries.
An important parameter indicating the quality of
cDNA libranies is the presence of contaminating
sequences. In this regard, no bacterial or wveclor
sequences were detected, while a very low frequency (0-
1.3%) of Afu repeats and rRNA secquences were present.
Thus, the high percentage of quality sequencing sug-
gests these libraries are representative with a con-
comitant maintenance of complexity.

The high incidence of detection of novel sequences in
only the first round of analysis is, in itsell, remarkable
and surpasses the figure (4% per library) set out by the
gene discovery efforts of CGAP. Additional sequence
analysis of these libraries is likely to identify many new
transeripts. These yet-to-be-identified transcripts may
indeed be uniquely expressed in oral epithelium, Tt
therefore follows that the expression pattern and the
function of these genes may help to identify gene pro-
ducts involved in the transformed andfor the metastatic
phenotype, as well as additional molecules that, without
plaving an obwvious role in the neoplastic process. can

nevertheless be uwsed as clinically useful markers of
tumor development.

In this regard, the 55 known genes identified from this
lirst round of sequence analysis is in itsell interesting,
but whether they muy play a role in HNSCC tumor
development is not documented. Of particular interest
wits the scquence match to the monocyte chemotactic
protein 3 precursor gene (MCP3), which was readily
detected in all three cDNA libraries [Tom tumor tissues
(ST1, 8ST2, 62T). MCP3 is a chemokine known to
induce the production of gelatinase B and chemotaxis of
monocyles. In addition, MCP3 is also known to be
produced by tumor cells and its expression in HNSCC
may play a rold i tumor progression [19-22]. Addi-
tional known genes, while not causal to tumor develop-
ment, may be useful markers. These include cornifin B,
also known as small proline rich protein 1 (SPRRI1). s
gene product has been reported to be expressed in the
sublingual and tongue epithclium and m malignant oral
epithelium, While its precise function is unclear it may
be involved m the terminal differentiation status of ker-
adinocytes [23-25) lts use as o marker of tmor pro-
gression has been highlighted m a recent report |26],
Also illclude_d is calgranulin A, which has a functional
role in epithelium differentiation and whose expression
has been reported in a restricted subset of normal stra-
tified squamous epithelium of the tongue and buceal
mucosa [27]. In this regard, the expression ol cyloker-
atims (4, 5 and 13) cun be used as mukers of epithelal
differentiation and altered expression of these proteins
have been reported in oral malignancies [28]. Sequence
match to kappa casein precursor and many ribosomal
proteins (511, 520, 524, L3, L8, L38, L37) were readily
detected but whether they have any role in tumor
development 1s currently unclear,

Although data presented in this report involves a
limited set of tissue sumples, a high frequency of novel
transcripts have been already identified from the first
round of sequence analysis, thus suggesting the presence
of many unknown genes that may play a critical role in
the biology of oral epithelium. Indeed, by subsequent
sequencing of these cDNA libraries HNCGAP has
already identified an additional 57 novel transcripts
(http:/fwww.nchinlm.nih.gov/ncicgap). A detailed ana-
lysis of the genes identified by the HNCGAP effort in
these and additional ¢DMNA libraries constructed from
tissues of oral origin, including different sites and stages
of malignancies, is already in progress and will be
reported shortly. Thus, we can conclude that the con-
struction of representational cDNA libraries form nor-
mal und neoplastic oral tissues has resulted in the
availability of ¢cDNAs for many novel genes which
are expressed 10 normal oral epithelium and in
HNSCCs. These efforts, together with the use ol gene
array technologies and LCM will soon make it possible
to definc a pattern of gene expression in a tumor pro-
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Table 4

Known genes identified from head and neck squamous cell carcinoma (HNSCC)-specific cDMNA librarigs

137

14-3-13 protein &

Acyl-CoA-binding protcin

Annexin [

Antigen peptide iransporier2 (iransporter, ATP-hinding casseite)
Antileukoproteinase |

ATP synthase A chain

Breast basic conserved protem | (hreast basic conserved gene 1)
Calgranulin A (calcium hinding protein AR)

Calgranulin B {ealciuim hinding protem AY)

Calpain 2 large

CD9 antigen

Cds | human SPR2-1 gene for small prohne nich praten
Cormafin B (small proline nch protain. SPRRE 1R}
Cwelin [

Cystatin A

Cytechrome O oxidase polypepeide i liver, 2,3
Dalichyl-phosphate f-plucosyliranslenise

E25H protein mRNA

Elilin precursor

Ervthrocyte adducine subuni

Erythrocyte adducin [} subunit

Ferntin heavy chaimn

GAP junction -2 protein (Connexin 20)

Growth relaging protein BB

Histocompatibilicy antigen, M alpha clain
Hustone H3A

Tnterferan ¥

Toterleukin-d receplor antaganist protein precursor
Kappa casein precursor

Keratin, type | cytoskeletal 13

Kertin, type 1T eytoskeletal 4, 5, 7. 56k

L-3 phosphoserine-phosphatase homologue
Leukocyre elastse inhibitor

Mitotic kinesin-like protein-1

Manocyte ehemotactic protein 3 precursor
Myosin like chain Alkali smoeoth muscle Isoform
NADH-Utiguinone oxidoreductase chain 1 and 4
Protein phosphatase PPy

Rihosomal protein S11, $20, S18, S, L3, L8, L17, L3S
Signal recognition particle receptor ffsubunit
Transcriptional coactivator

A Sequence analysis of random clones from cDNA libraries constructed from normal (N) and tumor (T) epithelium identified many as having
homology 1o known genes. Same of these known genes were identifiecd mare than once in one or more of the six hhranes. The 55 known genss that

were identified are listed by name alphabetically

Table §

Known genes identified in one or more head and neck squamous cell carcinoma (HNSCC)-specific cDNA Jibraries®

Kappa casein precursar

Maonocyte chemotactic protein 3 precursor
Keratin, type 11 cytoskeletal 4

Keratin, type | cytoskeletal 13
Calgranulin A

Cornifin B

SI(M, T) S2(N. T), WSU 62 (N. T)

STL ST, WSU G2 (N. T)

SN, 5N2
SN2, STI
S2(N.T)
SN21.5TI

= Six known penes were identified in two or more HMNSCT-specific cIDVNA libraries (N, normal, T, tumor) and listed. Only one known gene wis

present in all six libraries analyzed.
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gression model of HNSCC. This experimental approach
is also expected to facilitate the identification of earlier
markers heralding malignancy, thus providing valuable
tools of diagnostic and prognostic value to study pre-
malignant lesions.
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