From the
Institute of Environmental Medicine, Division of Biochemical Toxicology and
Experimental Carcinogenesis, Karolinska Institutet, Stockholm, Sweden
and the Institute of Odontology, Division of Basic Oral Sciences,
Karolinska Institutet, Stockholm, Sweden

MODELING OF MULTI-STEP ORAL
CARCINOGENESIS IN VITRO:
ASSESSMENT OF GROWTH,
DIFFERENTIATION AND
APOPTOSIS MARKERS

Annette Hansson

Stockholm 2003



All previously published papers were reproduced with permission from the publisher.

Published and printed by Karolinska University Press
Box 200, SE-171 77 Stockholm, Sweden

© Annette Hansson, 2003

ISBN 91-7349-445-3

ii



To My Nearest and Dearest






ABSTRACT

Human oral mucosa, especially the buccal epithelium, is worldwide a common site
for cancer. Cancer development frequently results in inactivation of tumor suppressor
p53, a central regulator of growth and programmed cell death, and deregulated
expression of structural elements like cytokeratins. The overall aim of this study was
to investigate if the multi-step process of carcinogenesis can be modeled and studied
from a mechanistic stand point utilizing cultured normal (NOK), immortalized
(SVpgC2a) and malignant (SqQCC/Y 1) human buccal keratinocytes.

Organotypic epithelia of the respective cell lines, as derived from serum-free culture
on a collagen gel containing oral fibroblasts, showed morphological features ranging
from normal tissue to carcinoma in situ. The respective epithelia showed sharp
differences in immunochemical expression of keratins. NOK expressed many of the
same keratins as buccal mucosa, whereas loss of keratins in SVpgC2a and their
retention in SqQCC/Y1 showed similarities to oral dysplasia and well-differentiated
squamous cell carcinoma. Assessment of tissue homeostatic functions demonstrated
that NOK exhibited a terminal squamous differentiation (TSD) and apoptosis-capable
phenotype, that responded to fibroblast-mediated proliferation with increased
apoptosis and to elevation of Ca*" by induction of TSD. In contrast, SVpgC2a and
SqCC/Y1 exhibited hyper-proliferative, TSD-deficient and hyper-apoptotic
phenotypes that failed to respond to the above stimuli. Immunochemical expression
of tumor suppressor p53 was scattered in NOK, heterogeneous in SVpgC2a and
negative in SqCC/Y1. Exclusively for NOK, p53 expression increased with
proliferation and decreased with TSD, moreover, expression of Bax, a gene
associated to apoptosis in many cell types, correlated with TSD. Further evaluation of
NOK and SVpgC2a in various conditions for up to 17 days consistently showed
several-fold higher proliferation and apoptosis rates in SVpgC2a. Micro-array
analysis of NOK and SVpgC2a in monolayer culture confirmed the respective keratin
protein profiles to the mRNA level, and indicated expression of keratins not
previously reported for buccal epithelium. Under sparse or confluent culture,
SVpgC2a exhibited relatively higher cloning ability and growth rate as well as lower
responsiveness to contact inhibition than NOK. Apoptosis and TSD were regulated in
NOK in response to increasing cell density whereas SVpgC2a showed resistance.
Cultures of NOK showed obligatory dependence for the growth supplement pituitary
extract, whereas SVpgC2a showed independence, and thus, SVpgC2a could be
cultured at chemically defined conditions. Immunochemical assessments in NOK
showed increased Bax expression under conditions that increase TSD and decrease
apoptosis, providing further evidence for the dissociation of Bax expression from
apoptosis in keratinocytes.

A composite in vitro model for malignant transformation of oral epithelium is
described. Characterization of NOK, SVpgC2a and SqCC/Y1 demonstrated that the
multi-step process of malignant transformation of buccal keratinocytes clearly
associates with alterations in basic cellular functions and mechanisms that regulate
tissue homeostasis and build-up of the cytoskeleton. Overall, standardized, highly
defined culture conditions, different cell densities and co-culture models provide useful
means of investigating mechanisms underlying oral cancer development.
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INTRODUCTION
Carcinogenesis

Oral squamous cell carcinoma (SCC) in humans is a major cause of morbidity and
mortality worldwide [Moore, 2000]. SCC of the head and neck is a major health
problem and in some part it remains one of the most common forms of cancer including
areas in India and South East Asia [Moore, 2000]. The majority of lesions in the mouth,
arise from oral epithelium witch include cancer from the gingiva, alveolar ridge, floor
of the mouth, buccal mucosa, hard and soft palate, uvula and others regions of the oral
cavity [Moore, 2000]. In South East Asian countries the buccal mucosa represents the
primary site for cancer development, as compared to the tongue and the floor of the
mouth in Western countries. Epidemiological studies indicate a multi-factorial etiology
for malignant transformation in oral epithelium [La Vecchia, 1997]. Etiological factors
most probably involved in oral carcinogenesis are tobacco smoke, smokeless tobacco,
betel quid and areca nut chewing, alcohol, diet and nutrition intake, and genetic
susceptibility [Das, 2002]. Tobacco and alcohol seem to be the most important risk
factors often coupled with a low consumption of fruit and vegetables [La Vecchia,
1997]. Accordingly, the most cited risk factors for patients with tumors of the oral
cavity are, tobacco and alcohol [Moore, 2000]. Infections with human papilloma virus
may also play a part in developing oral SCC [Sugerman, 1997] [Sand, 2002]. Recent
studies have demonstrated that incidence of oral cancers increase globally, particularly
among young men, with the same types of exposure to alcohol and tobacco, and low
intake of fruit and vegetables, as older patients. Inside Western and Eastern Europe the
incidence of oral cancer has increased about 3-fold and 8-fold within one generation
consistently involving persons at younger age [Mackenzie, 2000]. The survival rate is
among the lowest of major cancers and has not improved significantly in the past two
decades.

Cancer is a genetic disease that require numerous mutations or accumulation of genetic
changes to occur including activation of oncogenes and inactivation of tumor
suppressor genes [Moore, 2000]. Tumor formation and development in the oral mucosa
is primarily of squamous type, and clearly a multi-step process involving the transition
from a normal to a malignant cellular state. There is no sharp border between neoplasia
and preneoplasia. These steps in the mutation theory of carcinogenesis reflect genetic
alterations that drive the progressive transformation of normal human cells into
malignant copies. Mutations in proto-oncogenes and tumor suppressor genes can occur
early in some tumor progression pathways and late in others. As a consequence
apoptosis, sustained angiogenesis, and unlimited replicative potential can appear at
different times during these various sequences [Hanahan, 2000]. Programmed cell
death (PCD) is expected to eliminate unwanted tumor cells and apoptosis represents a
major source of this wearing away. The ability of tumor cells to expand in number is
determined not only by the rate of cell attrition but also the rate of cell proliferation. An
additional suggestion for carcinogenesis is were proliferation is the default state of all



cells and neoplasia is a defect of structural design. Carcinogens would act initially by
disrupting the normal interactions that take place among cells in the parenchyma and
stroma of an organ [Hanahan, 2000] [Sonnenschein, 2000]. The role of the differences
noted in morphology, biochemistry and molecular mechanisms in malignancy of oral
epithelium are only partly understood. The specific order and number of necessary
actions remains unknown, but certain steps are believed to be important for cancer to
develop, such as gain of proliferative signaling, inhibition of growth inhibitory signals,
avoidance of PCD, immortalization, angiogenesis, and the ability to invade tissue [Das,
2002].

Oral mucosa

The oral mucosa is a target for exogenous agents and toxicological actions, e.g.
tobacco, chemicals, nutrients and dental materials. The highly specialized, stratified
epithelia is an efficient barrier that protects the organism/body from physical and
chemical damage, such as infections, pathogens, tissue dehydaration, and heat loss. The
oral mucosa is the lining that form the primary structural barrier between the internal
and external environments. Like epidermis the keratinized layer reduces the
permeability of the oral mucosa, although palatal mucosa is approximately 10 times
more permeable than the skin [Winning, 2000].

Structure of oral mucosa

The oral mucosa consists of an epithelium supported by connective tissue termed the
lamina propria. Tremendous regional variations exist, not only in the composition of
the lamina propria, but also in the form of the epithelial-connective tissue junction and
type of covering epithelium. It presents variations in the thickness and in the prevalence
and type of keratinisation. Keratinizing epithelia such as the oral gingiva, that have to
withstand more severe physical and chemical forces, than the buccal mucosa, produce a
toughened structure, the cornified cell envelope. This envelope is a major component of
the epithelial barrier at the tissue surface [Presland, 2001]. Functional demands and
tissue features are reflected by the structure and biology of tissues and cell products that
make up the oral mucosa. These functionally different types of oral mucosa can be
divided into three groups. The lining mucosa, a very thin, non-keratinised or
parakeratinised epithelium are located in the soft palate, ventral surface of the tongue,
floor of the mouth, and in the buccal and labial mucosa. The thick and orthokeratinized
masticatory mucosa includes gingiva and hard palate. The specialized mucosa is
represented by the dorsal surface of the tongue, consisting of non-keratinised
interpapillary epithelium interspersed with keratinised filiform papillae [Squier, 2001].
In parakeratinized epithelium, nuclei are retained in the superficial layer, in contrast to
the orthokeratinized where no nuclei are seen.

The stratified and squamous mucosa consists of several cell layers that undergo
constant renewal and repair, to maintain this critical defense barrier [Potten, 2001].
Stratum basale is a single layer of undifferentiated keratinocytes that is anchored to the
basal lamina. The basal cells are proliferative, and divide either to a new stem cell,
which maintain the population of dividing cells, or to a transit cell, which differentiate,



mature and migrate through the layers to finally fade away into the oral cavity. Basal
cells adhere to the underlying basal lamina via integrins, and decreased adhesion is a
key event in epidermal differentiation [Watt, 1998]. Stratum spinosus contains cells
with desmosomes and stratum granulosum is characterized by the presence of
intracellular granules. Dead flattened cells occupy stratum cormeum, containing
squames of cross-linked protein. Stratum lucidum is a transitional layer between the
living layers and dead tissue in the cornified layer. It normally takes about 1-3 weeks to
renew buccal epithelia, compare with 4-10 weeks in the epidermis [Winning, 2000].

Specialized cell junctions, desmosomes and hemi-desmosomes, maintain cohesion
between the cells and control the permeability of the epithelium [Mackenzie, 1983]
[Squier, 2001]. These cell adhesion structures are important in bonding keratinocytes to
one another and to the basal lamina/basement membrane, and connect the keratin
cytoskeleton to the cell surface. The basal lamina separates epithelial elements from the
surrounding stroma. Laminin-receptors on the cell surface acts like a bridge, which
ensure the stability of connection and communication between the basal lamina and the
epithelial cells. The extra cellular matrix glykoprotein laminin 5 is essential to
epidermal cell attachment. Like the epithelial cells, tumor cells have the same surface
receptors, subsequently laminin plays an important role for adhesion of tumor cells.
Underneath the epithelium, the superficial dense connective tissue, lamina propria,
overlies the more inferior submucosa. The most common mesenchymal cell type
fibroblasts produce matrix rich in macromolecules, e.g. collagen. Collagen has many
forms divided in types from [-X. The most common type I is found in skin, tendon and
bone. Type II exist in cartilage and type IV is present in the basal lamina.
Keratinocytes, the epithelial cells, express a set of structural proteins, which assemble
into filaments and function to maintain cell and tissue integrity.

Cytoskeleton

The cytoskeleton of all mammalian cells is composed of a filament system for
organization and movements. The cytoskeleton of eukaryotic cells consists of three
main groups of filamentous proteins [O'Guin, 1987]. These are the microfilament, 5-6
nm in diameter (composed of actin), which provide the contractile forces within cells.
The 25 nm microtubules (composed of tubulin), plays a role in orientation and
polarization. The 8-10 nm intermediate filaments (IFs) provide a functional
cytoskeleton and reflect the epithelial phenotype and its commitment to terminal
squamous differentiation (TSD) [Smack, 1994].

Intermediate Filaments (IFs) are divided into six different sequence types based on
three different domains structures. Among other, the IFs include acidic-keratins,
neutral-basic keratins, vimentin, nestin and neurofilaments. Vimentin, desmin,
glialfilament, and peripherin are all type III IFs [Smack, 1994]. Of the type III IFs,
vimentin is the most widely expressed, being involved in a diverse range of functions
from RNA processing and interactions with nucleic acids to protein degradation. Type
III IFs desmin is restricted to striated and smooth muscle, glialfilament to glial cells and
astrocytes, and peripherin to neurones. Type IV IFs include the neurofilaments, which
are widely distributed in neurons, and o~internexin found in prenatal neurons. Type V
[Fs constitute the nuclear lamins and minor lamins whose tissue expression is restricted



to the nuclear lamina. Nestin is the only member of the type VI IFs group and is
expressed in embryonal and neuroepithelial stem cells [Smack, 1994]. Normal oral
mucosa show abundant expression of fibroblast produced vimentin in dermis and no
expression in the epithelium. Although, co expression of IFs and vimentin has been
found in lesions having accumulations of inflammatory cells in the sub epithelial cell
layer and in epithelial cell under various pathological conditions, including
premalignancy. In lesions with lymphocyte infiltration of sub epithelial compartment
vimentin has been expressed in basal epithelial cell layers, and are therefore not an
exclusive mesenchymal cell [van der Velden, 1999]. Expressed in many mesenchymal
cell types during development, there is also evidence that vimentin associates with
stress response proteins [Evans, 1998]. Most IFs in human epithelia are members of the
cytokeratin group, a complex family encoded by at least 20 genes in humans, in
contrast to hard keratins in hair and nail and a further 10 gene products characteristic of
trichocytes [Moll, 1982].

Classes of keratins

Keratins are expressed in a tissue-specific manner in different combinations of pairs
that distinguish stages or types of differentiation (Table I). Keratins are divided into
two major types, initially identified by their molecular weight ranging from 40 to 68
kDa and isoelectric points from 5.2 to 7.8 [Moll, 1982]. Each keratin exists in several
isoelectric variants of different isoforms of both type I and type II keratins [Smack,
1994]. Type I keratins, which comprise keratins K9 to K20 (and the trichokeratins, Hal
to Ha4 and Hax) and range from 40 to 64 kD and type II keratins include K1 to K8 (and
the trichokeratins, Hb1 to Hb4 and Hbx) and vary from 52 to 68 kD [Moll, 1982]. Type
II keratins are large with neutral or basic isoelectric points while type 1 keratins are
small and more acidic [Su, 1994].

In all epithelial cells keratins are usually expressed as a pair showing considerable
specificity among epithelial tissues. Keratins are also differentially expressed along the
different pathways of epithelial cell development and differentiation. In stratified
squamous epithelium, as keratinocytes undergo differentiation from the basal layer to
the suprabasal layers, cells express a range of keratins and other cytoskeletal proteins at
different stages of the maturation. It is this variation that gives rise in heterogeneity as
well as tissue specificity. The underlying reasons for a high degree of tissue specificity
in keratin expression remain unclear. Their diversity may be due to different structural
and functional requirements, implicating roles for the specific filament formation with
their respective keratin partners. As keratins are markers of epithelial TSD, any
alteration in their expression may be of biological significance. Keratin expression is
often altered in diseases and expression of structural elements like the cytokeratin
family of proteins is commonly deregulated in oral cancers. It possibly will be of use to
examine altered expression of normal keratins for involvement in these processes. The
importance of keratins in the maintenance of tissue structure is emphasized by the fact
that many hereditary epidermal disorders are caused by mutations in keratin genes
[Moll, 1982] [Morgan, 1994] [Smack, 1994] [Su, 1994] [Blumenberg, 1997].
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Differentiation-specific keratins

Differentiation-specific keratins, K4/K13 and KI1/K10 are early markers of
differentiation. K4 and K13 are keratins expressed primarily in suprabasal cells of non-
keratinizing stratified squamous epithelium such as esophageal, exocervical, anal canal,
buccal and lingual epithelium. K4 and K13 were originally thought to represent
markers of non-keratinisation, but subsequently K4 and K13 were detected as major
constituents of fetal epidermis, although in adult epidermis they are present in small
clusters above the basal cell layer [Moll, 1982]. Moreover K4 and K13 have been
identified in small groups of cells in attached gingiva and the hard palate [Morgan,
1994]. Under tissue culture conditions, both K4 and K13 can be invariably synthesized
by a number of epithelial cell lines [Bloor, 1998].

The largest cytokeratin members, K1 and K10, are keratins found mainly in
keratinising stratified squamous epithelia. K1 and K10 are regarded as markers for
keratinisation and these keratins are predominantly expressed in differentiated cells in
the basal layer of epidermis, although in less than 1% of the cells. In addition to
epidermis, K1 and K10 are expressed in other keratinising epithelia, including gingiva
and filiform papillae of dorsal tongue. At a restricted level, K1 and K10 have also been
identified in zones of the suprabasal layer, in non-keratinizing buccal epithelium
[Morgan, 1994] [Bloor, 1998] [Bloor, 2001].

Expression of K2e, K11 and K9 is found in regions of epidermis [Moll, 1982]
[Langbein, 2001]. K2 was originally thought to be a break-down product of K1, but
two different human genes encoding K2 have now been identified. These genes are of
almost identical charge and size but are differentially expressed. One gene encodes for
the epidermal form (K2e), and in addition to K11, is found in regions of epidermis,
which are particularly exposed to friction, such as palmoplantar epidermis. K2e can
also be detected in the exocervix and the anal canal [Moll, 1982]. A second gene
encoding K2 (K2p) is expressed in the palate and gingiva but not in epidermis
[Langbein, 2001]. Although K2 and K11 are characteristic of type II and type I
keratins, they are not expressed as a keratin pair. K9 is the largest type I keratin and
expression is mainly restricted to sweat glands, albeit in small clusters of cells [Moll,
1982] [Langbein, 2001].

Corneal-type keratins

K3 and K12 are regarded as markers for corneal-type differentiation as they are
predominantly expressed in the cornea [Moll, 1982] [Blumenberg, 1997] [Kivela,
1998]. The structural integrity of the cornea is believed to be maintained of K12
[Blumenberg, 1997]. K3 and K12 are co-expressed with minor amounts of K4 and K13
in suprabasal cells of corneal epithelium, along with K5, K14 and K19 in basal cells.
Although expressed in small amounts, these keratins have been identified in other
stratified epithelia, such as the lip. K3 has also been detected in the suprabasal layers of
gingiva and sulcular epithelium [Juhl, 1989].

Basal specific keratins

Keratins 5 and 14 are defined as primary keratins or basal specific keratins, because
they are usually the first to be expressed in basal cells of stratified squamous epithelia,
including epidermis and oral epithelium [Blumenberg-97] [Freedberg, 2001]. From
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analysis of localization and function, the keratins are typically basal cell-specific
markers although their expression has additionally been detected in the suprabasal
compartment of normal epidermis [Blumenberg-97] [Freedberg, 2001].

K15 and K17 are small type I keratins that are expressed in pairs with different type II
keratins. Both are closely related to K14 as defined by peptide mapping and gene
sequencing [Moll, 1982]. K15 is among one of the earliest markers of developing fetal
epidermis indicating the beginning of stratification [Moll, 1982]. In adult epidermis
however, this keratin represents a minor component in basal cells and in the basal layer
of esophageal epithelium, K15 is expressed in a major amount. K17, occasionally
classified as a high cell turnover keratin, is expressed in hair follicles, basal cells of
pseudostratified epithelia such as that of the trachea and bronchus, in transitional
epithelia of the urinary bladder, in basal cells of sweat glands and in myoepithelial cells
of sebaceous glands [Moll, 1982] [Freedberg, 2001]. Under tissue culture conditions,
K17 synthesis can be induced in epithelial cells [Freedberg, 2001].

Predominantly expressed in simple epithelia, K19 can be identified in basal cells of
non-keratinising epithelia. Due to epithelial differentiation and maturation, as basal
cells differentiate, one or more pairs of other keratins are superimposed on the basal
specific keratins.

High cell turnover keratins

High cell turnover or hyper proliferation keratins, K6/K16 and K17, are markers of
activation, because they are expressed during wound healing in suprabasal cells of
interfollicular epidermis [Blumenberg-97] [Freedberg, 2001]. K6 is usually the first to
appear in hyper proliferation, but pairing of K6 and K16 is complicated by the
existence of different isoforms, Ké6a, K6b, Ké6c and K6d [Blumenberg, 1997]
[Freedberg, 2001]. K6/K16 are expressed constitutively in suprabasal cells of palmar
and plantar epidermis but also in several sites of the oral cavity including gingiva and
tongue. Additionally, high cell turnover keratins have been detected above the level of
rete processes in the non-keratinizing buccal mucosa, as well as in the cornea [Su,
1994]. As with K4 and K13, high cell turnover keratins can be synthesized by cultured
epidermal keratinocytes [Bloor, 1998].

Simple epithelial keratins

Simple epithelial keratins K7, K8, K18, K19 and K20 are known as early markers of
differentiation during embryonic development, and can also be detected in different
stratified adult squamous epithelia, albeit at a low level [Morgan, 1994] [Su, 1994]. K8
and K18 are identified in simple epithelia, such as the intestinal mucosa, but
subsequently these keratins have been detected in basal keratinocytes of esophagus and
parabasal cells of the palate, gingiva and lip. K8 and K18 are usually the first to appear
in early embryonic epithelia, dominating the cytoskeletal character of early
differentiation [Morgan, 1994] [Su, 1994]. K7 is a small type II keratin expressed
predominantly in simple epithelia and shapes a keratin pair with K19 in luminal cells.
However in glandular epithelial cells, K7 is co-expressed with K20 [Morgan, 1994]
[Su, 1994].

K19, the smallest keratin, is expressed in both simple and stratified epithelia. K19 is co-
expressed with K7 and K8 in glandular epithelia, such as that of the breast and prostate,
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in epithelia lining the gall bladder and urinary bladder, but also in the endometrium.
K19 does not have a specific partner but often accompanies K8 and K18 during
embryonic development. K19 can also be co-expressed with K15 in basal cells of the
esophagus and exocervix [Morgan, 1994]. Detectable in a few keratinocytes of attached
gingiva and hard palate, K19 is found to be restricted to sparsely scattered basal cells
[Lindberg, 1990]. In buccal epithelium, K19 is identified in basal cells, but also
irregularly expressed in suprabasal cells [Morgan, 1994]. Heterogeneously detection of
K19 in basal cells of the lateral and ventral surfaces of tongue has been reported.
Although regarded as a simple epithelial keratin, K19 has a widespread distribution and
might function to balancing the over-production of basic keratins to retain an equimolar
state [Blumenberg, 1994]. K20 simple epithelial keratin is detected in gastric
epithelium, in the epithelium lining the urinary bladder, and in Merkel cells [Moll,
1982].

A reduction in the differentiation-specific keratins localized to suprabasal cells at the
center of tumor islands has been associated to development of oral SCCs. Another
feature of altered keratin expression in SCCs is the anomalous expression of simple
keratins. Detection of these keratins in SCCs shows an inversely intensity and
frequency, varying with the degree of differentiation [Morgan, 1994] [Su, 1994]. These
studies on oral SCCs suggest that keratin gene expression in oral epithelia undergo
aberrant regulation during development and progression of malignancy. Many studies
analyzed the alterations that take place in keratin expression during malignant
transformation in tissue samples whereas few studies have relied on cell cultures.
Keratins have been conventionally identified at the protein level, using biochemical,
immunoblotting and immunochemical procedures. Keratin genes, in company with
other housekeeping genes are regulated both at the mRNA and protein levels. Few
studies have attempted to correlate the distribution of mRNA with that of protein. The
loss of normal regulatory control at any of these levels may have a profound effect on
cell function.
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Table I
Classes and specific pairing of type I and type II keratin filaments, and their distribution
in different epithelial tissues.

Type I keratins Distribution in Type II keratins
acidic epithelia neutral to basic
Size (kD) Number Number Size (kD)
64 K9 suprabasal cells of
palmoplantar epithelia
56.5 K10 suprabasal cells of K1 68
keratinising stratified
epithelia
56 K11 suprabasal cells of K2e/K2p 66
keratinising stratified
epithelia
55 K12 suprabasal cells of K3 64
corneal epithelium
51 K13 suprabasal cells of non- K4 59
keratinising stratified
epithelia
50 K14 basal cells of keratinising K5 58
epithelia
50 K15 basal cells of keratinising
and non-keratinising
epithelia
46 K17 basal cells of keratinising
and non-keratinising
epithelia
40 K19 basal cells of non-

keratinising epithelia

48 K16 suprabasal cells of high K6 56
cell turnover stratified
epithelia
40 K19 simple epithelial cells K7 54
45 K18 simple epithelial cells K8 52
46 K20 simple epithelial cells

Table modified from [Morgan, 1994] [Smack, 1994] [Watt, 1998].
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Growth and death regulation of human keratinocytes

Homeostasis in continually renewing epithelia, like oral mucosa, is maintained by
cellular proliferation, death and differentiation [Sugerman, 1995] [Compagni, 2000]
[Su, 2000]. The mitoses in the basal compartment formed by the innermost cell layers
will be balanced by PCD, an active normal removal of cells. The term PCD is derived
from developmental biology, genetically programmed to occur during development and
differentiation. These programmed, domed cells die on schedule even if they are
transplanted elsewhere in the embryo [Teraki, 1999].

Apoptosis

One form of PCD, apoptosis, was first described as a necrotic process of cell death,
morphologically separated from necrosis. Involving histological changes, including the
obvious cell shrinkage it was originally called "shrinkage necrosis" for this reason. The
suitably name apoptosis comes from a Greek world describing the falling off of petals
from a flower or leaves from a tree [Teraki, 1999].

Morphological and biochemical description of apoptosis comprise nuclear
condensation, DNA-fragmentation, dismantling of cell ultra structure, blebbing of
plasma membrane and formation of membrane-bound fragments, termed apoptotic
bodies. Apoptosis in normal tissue does not generally affect tissue function, as
remnants of the dead cells are fagocytosed and internally degraded by neighboring
cells. Removal occurs before lysis, which prevents the release of potentially toxic and
immunogenic intracellular contents from the apoptotic cells into the surrounding tissue
[Teraki, 1999]. Degradation and engulfing generally take place within lysosomes via
the activation of endogenous Ca>/Mg*"-dependent endonucleases and a family of
intracellular proteases called caspases [Polakowska, 1994] [Reed, 1999] [Teraki, 1999].
Apoptosis plays an essential role in tissue homeostasis to ensure that new cell
production is balanced by cell loss [Metcalfe, 1997]. It plays an important role during
morphogenesis of the embryo where organs re-shape themselves by carefully
eliminating unwanted cells, but also an important defense mechanism following
exposure to foreign antigen. Apoptosis removes unnecessary, damaged or harmful cells
via a genetically controlled mechanism in both normal and diseased processes. An
apoptosis frequency of a few % of the total cell number can result in the complete
deterioration and removal of a tissue, or cell culture model, within a time frame of days
to weeks [Colombel, 1995]. Failure to undergo apoptotic cell death might be involved
in the pathogenesis of a wide variety of human diseases, including cancer, autoimmune
diseases, and viral infections [Teraki, 1999]. Inefficient or suppression of apoptosis can
result in accumulation of cells which are normally removed and inhibition of cell death
can lead to cancer and persistent viral infection. Excessive cell death can lead to
impaired development and degenerative diseases. Oral lichen planus and erythema
multiforme are diseases with a known involvement of enhanced apoptosis [Dekker,
1997] [Chrysomali, 1997). Most somatic cells have limited replicative lifespan and
those with excessive DNA damage are removed before cell division to avoid malignant
transformation. Malignancy provides an evidence of apoptosis, when cells accumulate
in an uncontrolled manner, as malignant cells live longer and divide at a faster rate than
normal.
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The ability to undergo apoptosis is fundamental and appears to be common to all
mammalian cell types. To eliminate senescent and, especially DNA-damaged cells
from the body, apoptosis requires the activation of a genetic program [Kamer, 1999].
The activation of the apoptotic pathway is regulated by many different intrinsic and
extrinsic signals, where some are activators while others are inhibitors. Several specific
genes have been identified and the regulation is conserved in groups as divergent as
nematodes, viruses and mammals [Vaux, 1995]. As the genetic control and biochemical
mechanisms of apoptosis become better understood, development of novel approaches
in disease processes can be predictable.

Terminal squamous differentiation

An alternative form of active PCD is TSD or developmental cell death. As epithelial
cells undergo TSD, they move from the basal cell layer through the superior layers to
the surface of the epithelium, where the cells become enlarged and flattened. Once
differentiation is complete, desquamation enables cells to be shed from the superficial
layers of the epithelium. Involucrin a non-keratin, and other proteins are substrates for
cross-linking by transglutaminase activity resulting in the formation of a heat- and
detergent-resistant envelope just inside of the plasma membrane. During terminal
stages in keratinocyte differentiation, involucrin becomes cross-linked to other proteins
to form part of the cornified envelope. Involucrin is synthesized early during TSD and
its expression is therefore considered to reflect commitment to this process
[Blumenberg, 1997] [Presland, 2000]. TSD is the normal choice during maturation in
different epithelial strata, whereas apoptosis is likely to provide a protective mechanism
that eliminates harmful cells at any point, during epithelial differentiation. TSD takes
place only in the suprabasal layers, whereas apoptosis occurs throughout the
epithelium.

Necrosis

Necrosis represents cell death, which is typically unplanned to structures and
neighboring cells. Passive and pathological form of cell death are resulting from acute
cellular injury induced by physical or chemical distress and may result from sudden
deprivation of blood supply to any part of the body. Necrosis occurs from any kind of
cell trauma and involves group of cells that die by a pathological response involving
Ca*" influx which induce swelling and lysis of the cytoplasm and organelles. A necrotic
cell loses its membrane integrity, which is followed by an acute inflammatory response
in surrounding tissue. It release cellular debris to adjacent tissue and changes the
environmental [Wyllie, 1980] [Majno, 1995] [Teraki, 1999].

Unless the cells are severely injured and die by necrosis, TSD and apoptosis lead to the
elimination of cells primarily by desquamation and phagocytosis, respectively. The
processes of proliferation and loss of cells by TSD or apoptosis are normally in a
dynamic steady state, whereas imbalances can lead to development of pathologic states,
including cancer [Colombel, 1995] [Sugerman, 1995] [Polverini, 1999] [Compagni,
2000] [Su, 2000]. Most apoptosis work in vitro has so far involved non-epithelial
models that potentially regulate PCD in manners different to epithelial cells. Nearly all
keratinocyte studies have primarily involved tumor cells with acquired deficiencies in

16



PCD without consideration of the results in the normal state [Weinberg, 1995]. In this
respect, limited information exists concerning the choice between induction of TSD
and apoptosis in human epithelial tissues, including both normal and tumor tissue.
Modeling of physiological keratinocyte PCD, therefore requires extensive kinetic
analysis as well as the utilization of methods which are applicable to single or few cells.
Under the current lack of conclusive knowledge of mechanisms of keratinocyte PCD,
genes potentially involved in keratinocyte apoptosis should also be considered for
induction of TSD. Assessments of apoptosis in non-keratinocyte cell types, or
cancerous cells alone, may provide a simplified, and potentially faulty view of
keratinocyte PCD.

Gene families involved in regulation of apoptosis

Stimulation versus inhibition of oncogenes and tumor suppressor genes are involved
in apoptosis regulation. Oncogenes stimulate appropriate cell growth under normal
conditions, as required for the continued cell turnover and replenishment of the
epithelia. Proto-oncogenes can be altered by point mutation, amplification or
rearrangement. Structural alteration of proto-oncogenes leads to a quantitative or
qualitative expression change of the corresponding protein product. Oncoproteins
undermine signal transduction pathways at the cell surface, in the cytosol and the
nucleus. Cells with a mutation in an oncogene continue to grow, or refuse to die, even
when they are receiving no growth signals. Tumor suppressor genes keep cell
numbers down, either by inhibiting progress through the cell cycle and thereby
preventing cell birth, or by promoting PCD. When several of these tumor suppressor
genes are rendered non-functional through mutation, the cell becomes malignant
[Weinberg, 1994]. Further, in the absence of tumor suppressor gene products,
oncogenes contribute to human cancer formation by supporting accelerated
proliferation, de-regulating cell cycle control or blocking apoptosis [Reed, 1999].
Blockage of normal cell death from inactivation of genes that induce apoptosis or
activation of genes that block apoptosis, provides a parallel to how alterations in
proto-oncogenes and tumor suppressor genes dysregulate growth [Weinberg, 1994]
[Sugerman, 1995] [ Polverini, 1999] [Reed, 1999].

The involvement and interplay of these factors in apoptosis is far from understood.
Regulation of apoptosis in normal and cancerous tissue involves various gene families.
A mixture of family members may interact in this process by supporting or inhibiting
the implementation of the death programs. p53 and p53 regulated genes, has a central
roll in cell cycle control, cell death and defense reactions after DNA damage or other
types of stress [Choisy-Rossi, 1998].

Information derived primarily from studies of cell types other than epithelial cells,
indicate that bcl-2 gene family blocks, whereas wild-type p53 can stimulate apoptosis.
Comparisons of normal, precancerous and cancerous epithelial tissue have indicated
altered apoptosis frequencies and dysregulated expression of apoptosis-related genes in
parallel analysis. In oral lesions including SCC, apoptosis seems to decrease as the
histological abnormality increases [Birchall, 1996]. Studies as to the possible role of
p53 and other apoptosis-related genes in oral mucosal tissue homeostasis are therefore
desirable.
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pS3

The tumor suppressor p53 controls numerous proceedings that can result in variable
outcomes, involving maintained genomic integrity by controlling cell cycle progression
and cell survival. p53 are the most frequently chromosomal mutation in human cancer
and one of the most important and studied genes [Levine, 1991]. Since p53 is a key
element for maintaining genetic stability, a mutation in p53 gene itself predispose for
cancer formation. Wild-type p53 protein can be activated following diverse cellular
stress conditions, e.g. DNA-damage agents, viral infections, irradiation, hypoxia,
oncogene activation, oxidative stress, hyperthermia, cytotoxic drugs, and in response to
chemotherapeutic agents [Pluquet, 2001]. p53-knockout mice do not develop apoptosis
in the epidermis after UV irradiation, because the ability of p53 to persuade apoptosis
as a potent tumor suppressor [Teraki, 1999]. Through independent pathways, p53
protein can induce cell growth as well as cell death, but the mechanism is still not well
characterized [Nylander, 2000]. Activated p53 protein mobilizes regulate and induce
expression of other genes responsible for cell cycle arrest, trigger of apoptosis and
DNA repair [Ravi, 1999] [Pluquet, 2001]. A negative regulator of p53 is the MDM2
protein. Over expression of MDM2 has a tumor-promoting effect similar to that of
mutated p53. Normally MDM2 protein targets p53 for proteasome-mediated
degradation, and thus stabilizes p53 [Asker, 1999]. When cell suffer DNA damage, p53
protein accumulates and blocks entry into S phase, for replication. This delay permits
repair of damaged DNA in G1 phase, but if that fails p53 trigger apoptosis [Asker,
1999] [Kaelin, 1999]. Weather a cell would undergo growth arrest or apoptosis
following p53 activation appears to depend on a variety of factors, such as
environmental conditions and the cell type [Nylander, 2000]. In the normal cell there is
always a small amount of p53, since it breaks down consistently in the proteasome.
When DNA damage occurs, p53 break down stops, and p53 concentration increases
and thus apoptosis accelerate. Wild-type p53 normally has a short half-life (6-20 min)
and protein retained in the tissue can be detected. This retained wild-type protein is
presumably inactive. In mutant forms or by binding to virus protein such as SV40 large
T, p53 can remain in tissue for an extended time, with a half-life for up to 6 h [Ravi,
1996] [Nylander, 00].

p21

Over expression of the p21 protein (also named CIP1/WAFT1) induces cell cycle arrest.
Since p21 plays an important role in arresting cell cycle, loss of function in p21 may
favor tumor growth [Harada, 2000]. p21 expression is up regulated by wild-type p53
and may be associated with cellular senescence and apoptosis. The p53 gene stimulates
p2lexpression, which in turn inhibits cyclin- complex formation, phosphorylation and
DNA replication as an alternate route to apoptosis [el-Deiry, 1998]. p21 expression can
be increased by serum starvation, contact inhibition and senescence without being
accompanied by an increase in pS3 expression.

Bax

p53 increases expression of the pro-apoptotic protein Bax, whose gene has p53
response element [Gallaher, 2001]. Although Bax is homologous with Bcl-2, mainly
within two highly conserved regions called the Bcl-2 homology (BH) 1 and 2 domains,
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these proteins do not work together, but instead, are antagonists [Polakowska, 1994]
[Evan, 1998] [Vogelstein, 2000] [Adams, 2001]. Activation of Bax promotes apoptosis,
through dimerization with Bcl-2 proteins [Chao, 1998] [Tomkova, 1999]. Despite the
capacity of these molecules to form heterodimers, they could each be capable of
independent regulation of PCD. Pro-apoptotic Bax, at high and low calcium, have been
linked to TSD. High calcium can possibly induce keratinocyte differentiation, and Bax
show a stronger expression in cells with high calcium [Maruoka, 1997] [Tomkowa,
1999]. Although, from work in fibroblast, cells of hematopoetic origin, carcinoma cells,
etc, this gene would clearly be defined as an apoptosis-inducing gene [Evan G, 1998]
[Asker, 1999].

Bel-2

The p53 gene induces the production of other apoptosis promoting proteins, such as
Bax, but also represses the expression of apoptosis inhibitors, such as the Bcl-2 protein.
Inactivation or mutation of the p53 gene may therefore result in over expression of Bcl-
2 and down regulation of Bax leading to defective apoptosis [Polakowska, 1994]
[Evan, 1998] [Ravi, 1999] [Vogelstein, 2000]. Proto-oncogene bcl-2, has ability to
inhibit apoptosis, by prolonging the survival of cells and prevents cells from entering
the apoptotic pathway, so loss of Bcl-2 expression may lead to onset of apoptotic cell
death [Polakowska, 1994]. Thus, Bcl-2 prevents PCD instead of promoting
proliferation [Evan, 1998] [Polverini, 1999]. Genes that inhibit Bcl-2 can induce
apoptosis in tumor cells. Many of these proteins are co-expressed in the same cells and
the ratio of anti-apoptotic versus pro-apoptotic protein levels, may determine the cell to
respond to apoptotic signal [Teraki, 1999]. In normal human stratified squamous
epithelium, the Bcl-2 proto-oncogene, expression is restricted to the basal cell layer,
and not in suprabasal layers. Compared to normal oral epithelia the malignant
keratinocytes in basal cell carcinoma express high levels of Bcl-2, but in oral SCC
decreased Bcl-2 expression, a lower Bcl-2/Bax ratio and increased apoptosis have been
found [Loro, 1999]. Bcl-2 expression, is generally associated to proliferative and
regenerative keratinocytes in the basal layer of normal mucosa, were proliferation takes
place [Gandarillas, 2000]. Consistent with this, Bcl-2 might be a stem cell marker, thus
cells whose major function is to give rise to new cell populations are Bcl-2 positive
[Polakowska-94] [Harada, 1998]. Expression of Bcl-2 in the major proliferative
compartment may function in protection of basal cells from cell death.

Inactivation of p53 in oral SCC, increased p53 expression in apoptosis-prone oral
lichen planus and erythema multiforme lesions, as well as differential Bcl-2 and Bax
expression in oral SCC versus normal tissue may currently represent the strongest
indications for altered apoptosis gene regulation in oral disease [Jordan, 1996] [Ravi,
1996] [Raybaud-Diogene, 1996] [Ito, 1999] [Loro, 1999] [Xie, 1999] [Yao, 1999]
[Loro, 2000] [Ralhan, 2000].
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Cell culture technique to study oral functions

Cell cultures are used as a tool for studies of cell physiology and transformation, as
compared to animal-based models [Mori, 1999]. The morphology and biochemistry of
cells in laboratory animals differ from the human equivalent and commonly both
quantitative and qualitative differences are found in the metabolism of carcinogens
between human and animal cells. Furthermore, rodent cells undergo immortalization
and malignant transformation more frequently than human cells [Kulkarni, 1995]. The
phenotypic changes associated to transformation are likely to differ in epithelial and
mesenchymal cells and human epithelial cells generally show higher capability for
metabolism of carcinogens than fibroblasts from the same tissue. These results
emphasize the value of functional keratinocyte models of human origin for in vitro
studies of metabolism and toxicology in carcinogenesis [Kulkarni, 1995] [Hedberg,
2001]. An experimental approach to study normal biology as well as tumorigenesis of
human epithelia, involves culture of normal and transformed cells in vitro. A cell
culture technique should not only provide a number of cells with desired proliferative
ability and longevity to allow experimentation, but also permit retained expression of
tissue type-specific markers and functions. Specific characteristics of the oral
epithelium can be used to assess the differentiated state of both tissue samples and
cultured cells. Therefore an important feature of oral epithelial cell cultures is that they
retain the ability to undergo TSD [Prime, 1990].

Variable growth conditions have been applied to growth of normal, immortal and
malignant oral cell types. The majority of methods employ serum supplementation in
the media as well as the use of feeder-layers. However, recent studies have utilized
serum-free media for generation of organotypic epithelia although the serum-free
period is limited to the generation of the epithelium [Kang, 2000]. Serum is a potent
differentiation-inducing agent causing decreased growth and migration, increased cell
area, involucrin expression and cross-linked envelope formation, of otherwise serum-
free cultures of oral epithelial cells [Kasperbauer, 1990] [Sundqvist, 1991]. The defined
approach with serum-free conditions offers several advantages, and less experimental
variability. It provides the possibility to identify factors that directly regulate cell death,
proliferation and differentiation, ease of isolation of cellular products, delayed TSD and
senescence in the absence of serum, and utilize selective growth conditions for different
cell types.

Epithelial growth and differentiation can be studied in an organized, three-
dimensional, tissue-like state using organotypic cultures. Organotypic cultures based
on epithelial cells grown to confluence on extra cellular matrices and lifted to the air-
liquid interface, can differentiate into a multilayered epithelium [Fusenig, 1994]
[Tomakidi, 1997] [Stark, 1999]. Information on growth regulation with this model
has been obtained primarily from the squamous epithelia of the skin and with skin
fibroblasts or fibroblasts provided from mouse [Fusenig, 1994] [Schoop, 1999]
[Maas-Szabowski, 2001] [Werner, 2001]. Inclusion of oral fibroblasts and/or fetal
bovine serum (FBS) in the gels offers a dermal equivalent, and an opportunity to
study epithelial-mesenchymal interactions in the oral cavity [Liu, 1991]. The cell
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culture medium EHMA (epithelial medium with high levels of amino acids) was
developed for serum-free culture of oral keratinocytes, but it is also applicable to
keratinocytes from other squamous epithelia, including the epidermis [Sundqvist,
1991]. EMHA, was reconstituted from MCDB 153 medium [Boyce, 1986], and
supplemented with growth factors, hormones and pituitary extracts (PEX). PEX is the
only undefined supplement, in the otherwise defined EHMA.

Normal oral keratinocytes

Normal oral keratinocyte (NOK) cultures derived from non-pathologic tissue express
many features of normality including limited life spans and capability of undergoing
TSD. For processing of primary NOK cell cultures, human buccal tissue was selected
from non-smoking, non-cancer patients.

SVpgC2a cell line

Epithelial cell have been spontaneously or experimentally transformed into
immortalized lines. Keratinocyte immortalization has been accomplished by
transfection of oral epithelial cells with the E6/E7 genes from HPV16 or HPV18 and
the T antigen from simian virus SV40. Some of these lines give rise to premalignant
cells with irregular proliferation and loss of TSD, which occasionally indicate
malignant transformation [Oda, 1996]. The E6 and E7 proteins form complexes with
the pS3 and Rb products, respectively, leading to inactivation of the latter [Ludlow,
1993]. Because the HPV E6 protein, unlike SV40T which complexes with both the p53
and Rb proteins, also catalyzes degradation of the p53 protein, SV40 T- and HPV
E6/E7-transfected lines offer complementary systems of transformation. Such lines are
easily grown in high cell numbers, although they retain many properties of normal
cells. In the absence of well-characterized cell lines from dysplastic tissue, cell lines,
which have been immortalized by DNA tumor virus oncogenes, may currently be the
best available in vitro models for a preneoplastic state [Grafstrom, 1990] [Vaccariello,
1999]. In effort to develop in vitro models that represent this preneoplastic stages,
buccal keratinocytes were transfected with a plasmid coding for SV40T [Kulkarni,
1995]. This attempt resulted in stable integration of the SV40T antigen and apparently
the immortalized cell line SVpgC2a. The SVpgC2a cell line express wild-type p53,
retains a non-tumorigenic phenotype during extended culture, and fails to produce
tumors in athymic nude mice [Kulkarni, 1995]. For DNA sequencing of p53 in the
SVpgC2a cell line, exons 4 to 9 of p53 were analyzed by DNA amplification followed
by automated sequencing [Berg, 1995]. The SVpgC2a cell line has been characterized
in a number of studies [Liu, 1997] [Farmer, 2001] [Hedberg, 2001] [Vondracek, 2001]
[Dressler, 2002] [Vondracek, 2002].

SqCC/Y1 cell line

A commonly studied buccal carcinoma line, SqCC/Y1 obtained from a verrucous
carcinoma, has been adapted to grow in the serum-free culture conditions developed for
NOK [Liu, 1997] [Zou, 1999] [Farmer, 2001] [Hedberg, 2001] [Vondracek, 2001]
[Dressler, 2002]. This serum-free strain of the buccal SqCC/Y1 cell line, reproducibly
generates tumors following subcutaneous injection in athymic nude mice [Kulkarni,
1995]. The SqCC/Y1 cells cannot generate functional p53 protein, due to the single
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p53-allele present are rearranged and carries two missense mutations in exon 5 [Reiss,
1992]. Dominant-negative or loss-of-function mutations of the p53 tumor suppressor
gene are frequently found in SCC of the head-and-neck region and an in vitro
malignant cell line ought to have that same property.

The composite application of NOK, SVpgC2a and SqCC/Y1 cells, representing

normality and various stages of oral cancer, were developed to study aspects of the
complex carcinogenesis process.
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AIM OF THE STUDY

The overall aim was to investigate if the multi-step process of carcinogenesis can be
modeled and studied from a mechanistic stand-point utilizing normal (NOK), SV40 T
antigen-immortalized (SVpgC2a) and malignant (SqCC/Y1) human buccal
keratinocytes.

Specific sub-aims

To investigate if the serum-free conditions developed for monolayer culture of NOK,
SVpgC2a and SqCC/Y1 are applicable to organotypic culture of these cells.

To investigate the longevity of organotypic epithelia from the above cell types under
various culture conditions, including the influences of Ca*" and serum, as well as the
impact of epithelial-mesenchymal interactions.

To determine if organotypic structures derived from the respective cell types show
histology or genetic changes similar to normal tissue or different states of the cancer
process.

To profile cytokeratin expression in the respective cell types by assessment of both
mRNA and protein.

To study basic aspects of tissue homeostasis in the respective cell types, involving gain
of cells by proliferation and loss of cells by induction of TSD and apoptosis.

To study apoptosis under influences of stimuli which regulate keratinocyte proliferation
and TSD.

To investigate if known differences in p53 protein expression among the cell types
would influence genes typically regulated by p53-mediated transcription, including
p21, bax and bcl-2, under stimuli that induce proliferation or TSD.

To study the phenotypic expression of typical criteria of cell transformation in
SVpgC2a in order to define to what extent the immortalized state expresses properties
associated to normality or full malignancy.

To study the impact of immortality on cell density-dependent regulation of
proliferation, TSD, apoptosis and expression of the above genes.

To study the requirement for PEX in NOK and SVpgC2a in efforts to define the role of

this undefined growth supplement, and to culture cells without it, under chemically
defined conditions.
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MATERIAL AND METHODS

Table I Modus operandi

Cell Type Overview of techniques

Manuscript

Organotypic culture in EMHA with 1.0 mM Ca®* on collagen with
NOK fibroblasts, evaluation after 10 days of culture
SVpgC2a Morphology / H&E staining
SqCC/Y1 Keratin expression / Immunochemistry

Organotypic culture in EMHA with 1.0 mM Ca®" with or without FBS
NOK on collagen with fibroblasts and monolayer culture in EMHA,
SVpgC2a evaluation after 10 and 17 days of culture
Morphology / H&E staining
Net growth / Microscopic quantitation of cell layers and cell numbers
Keratin expression / Immunochemistry, Micro-array
Proliferation / BrdU detection
Apoptosis / Morphologic features, caspase-3 detection

Monolayer culture in EMHA and organotypic culture with or without
NOK fibroblasts and at 0.1 or 1.0 mM Ca®" evaluation after
SVpgC2a 10 days of culture
SqCC/Y1 Morphology / H&E staining
Net growth / Microscopic quantitation of cell layers and cell numbers
Proliferation / BrdU detection
Apoptosis / Morphologic features, TUNEL-assay
TSD / Involucrin immunochemistry
Expression of p53, p21, Bax and Bcl-2 / Immunochemistry
P53 gene sequence / DNA sequencing

Monolayer culture involving different cell densities including
NOK maintenance at confluency
SVpgC2a Net growth / Microscopic quantitation of cell numbers
Saturation density / Microscopic quantitation of cell numbers
Colony forming efficiency / Quantitation by stereo microscopy
Clonal growth rate / Quantitation by stereo microscopy
Apoptosis / Morphologic features
TSD / Involucrin immunochemistry
Expression of p53, p21, Bax and Bcl-2 / Immunochemistry

11
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RESULTS AND DISCUSSION

Morphology of monolayer cultures (paper II-IV)

Morphological analysis of normal, SV40T-immortalized and malignant human buccal
keratinocytes in monolayer culture clearly revealed certain consistent differences in
their histological characteristics. NOK showed a pleomorphic, polygonal and
epithelial-like shaped cells, except for some cells that had increased surface area
indicative of TSD. The SVpgC2a cell population exhibited cells with polygonal and
elongated shapes. SqCC/Y1 also showed a polygonal shape but with distinct cell
borders. When maintained at confluence, SVpgC2a appeared smaller in size compared
to NOK, and included signs of multi-nucleation, vacuolization and TSD.

Morphology of organotypic cultures (paper I-11T)

Oral keratinocytes from NOK, SVpgC2a and the SqQCC/Y1 cell lines were cultured to
regenerate organotypic epithelia in vitro. Organotypic cultures grown at the air-liquid
interface of collagen gels showed morphological features ranging from normal tissue to
carcinoma in situ. In the presence of serum-free EMHA with 1 mM Ca>" on collagen
gels, containing human oral fibroblasts, NOK formed an organized multi-layered
stratified epithelium, after 10 days. Epithelia generated with NOK demonstrated several
morphological features of normal non-keratinized buccal epithelium in vivo, including
elongated basal cells and typical features of compartmentalization. The basal
compartment consisted of a single layer of generally elongate cells. The suprabasal
compartment contained cells of variable morphology but with dense nuclear chromatin
in the uppermost layers. There appeared to be a lack of intercellular cohesion amongst
some cells of the lower layers, a feature that may be attributed to inconsistent
desmosome formation. Some discrete keratohyalin granules in the upper one-third of
the suprabasal compartment were presence, although keratinization was minimal.
Immortalized cells consistently generated additional layers than NOK. Epithelia from
SVpgC2a demonstrated comparatively homogeneous morphology and loss of typical
compartmentalization, and moreover, smaller and more compact cells than in
epithelium grown from NOK. Although small, the cells had a basaloid morphology
throughout. There was a degree of nuclear hyperchromatism and anisonucleosis at all
levels. Prickle cell formation was minimal and there were numerous apoptosis
throughout. Multi-layered epithelia generated from the tumor cell line consistently
generated additional layers than NOK. SqCC/Y1 cultures showed similar cell
morphology throughout the multiple layers with no obvious basal cell compartment.
The cells were larger than those of the immortalized epithelium but similar in size to
the cells of the normal cultures. Malignant organotypic cells also showed limited
prickle formation and also a considerable degree of size variation. Individual cell
keratinization was often present. Nuclei were of variable size and staining
characteristics, and sometimes bizarre in appearance. Mitoses were more frequently
encountered amongst these cultures, together with apoptosis, although the latter were
less abundant than in the SVpgC2a epithelia. In some SqCC/Y1 cultures, groups of
cells grew into the collagen matrix in a manner reminiscent of SCC. Clearly
morphological differences were noted between the cell lines.
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A study of extended analysis of NOK and the SVpgC2a cell line were performed in
attempt to improve the incomplete epithelial differentiation and maturation noted in
NOK. The prolonged incubation periods from culture on collagen gels were made for
up to 17 days. FBS is known to induce keratinocyte differentiation in monolayer
cultures and for further analysis, the organotypic epithelia were derived using media
with or without FBS. To provide a protocol that would allow future experimental
utilization of established organotypic epithelia without serum for a week, the protocol
with initial exposure to serum for 7 days was followed by 3 days without serum in
efforts to minimize possible influences of residual. Multi-layered epithelia were formed
at the air-liquid interface of collagen gels under all conditions tested. For both types of
cells, epithelia grown for 17 days consistently showed supplementary cell layers than
those grown for 10 days, and the different variants of serum exposure commonly
produced epithelia with 1 to 2 additional layers. No change in cell morphology was
noticed and the lack of intercellular cohesion in NOK epithelia appeared to resist.
Organotypic epithelia generated with or without fibroblasts in the collagen gel and with
variable Ca®*-levels were made in effort to further assess potential differences among
all three cell lines. Of several conditions tested the inclusion of fibroblasts in the
supportive collagen gel and elevation of Ca®*-concentration, from 0.1 to 1 mM, in
serum-free EMHA provided the preferred condition for all cell types. Consistent with
previous protocols the organotypic culture of NOK formed an epithelium of 5 to 6 cell
layers, whereas epithelia formed by SVpgC2a and SqCC/Y1 cell lines contained an
additional 7 to 8 layers, after 10 days. The generation of organotypic epithelia from 10
days showed that the variable conditions from this protocol supported proliferation,
including the stimulatory effect of oral fibroblasts.

Formation of a basal lamina (paper II)

Formation of a basal lamina was indicated by collagen IV and laminin 1, in organotypic
cultures generated from NOK and SVpgC2a. Collagen IV and laminin 1 protein
expression was detected in both cell lines with higher staining intensity at 17 days
compared to 10 days of culture. The variable culture conditions did not detectably
influence the immunochemical expression of these structural markers in either cell
type. Monolayer cultures from NOK and SVpgC2a, were additionally investigated at
the mRNA level using micro-array. The results confirmed an expression for collagen
IV and laminin 1 in both cell types. SVpgC2a showed fairly higher abundance of
collagen transcripts. Among the six known isofoms for collagen IV, isoforms three and
four were indicated as absent or not detected in either NOK or SVpgC2a.

Properties and functions are different in buccal mucosa from those in the skin epithelia.
For reconstruction and studies of mucosal changes, there is a need to evaluate all
different kinds of epithelia [Cho, 2000] [Chung, 1997]. The morphological results
above demonstrate a new model of buccal cancer progression. Although the expression
of histological signs were limited as compared to the in vivo situation, the composite
spectrum of features detected in the cell lines ranged from normal epithelium to
carcinoma in situ or even invasive carcinoma. Assessment of the histology alone of
organotypic regenerated epithelia indicated that a comparative analysis of the cell lines
may serve as a standardized laboratory tool for studies of multi-step oral
carcinogenesis.
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Expression and distribution of keratins in organotypic epithelia (paper I-1I)
Staining for keratin proteins indicated differences among the organotypic cultures. The
organotypic epithelia of NOK, SVpgC2a and SqCC/Y1 were compared with that of
intact buccal epithelium, severe oral epithelial dysplasia and well-differentiated oral
SCC, respectively. Organotypic epithelia were cultured for 10 days in EMHA with
ImM Ca®" and fibroblasts in the collagen gel. Immunochemical staining, on paraffin
embedded and frozen sections, demonstrated expression of a range of cytokeratins in
these cell lines. Analysis of the cytokeratins indicated obvious dissimilarities among the
different organotypic epithelia.

Typical differentiation-specific keratins were present in the upper suprabasal
compartment of NOK and SqCC/Y1, although to a lesser extent in the latter. As
expected K4 and K13 showed a higher rate of synthesis than K1 and K10 in NOK,
since these keratins are only synthesized in trace amounts in buccal mucosa.
Conservation of differentiation keratins in SqCC/Y1 is in agreement with previous
studies on monolayer culture and well-differentiated oral SCCs [Bloor, 1998] [Zou,
1999] [Bloor, 2001]. No detection of differentiation-specific keratins were made in
epithelia from SVpgC2a, additionally cultured either with or without FBS. Partial or
complete loss of suprabasal expression of differentiation-specific keratins may relate to
the inability of filaggrin to re-organize and pack keratin filaments necessary for
differentiation [Eckert, 1997] [Izumi, 2000]. As disturbed differentiation is a major
feature of severe oral dysplasia, absence of differentiation keratins may be reflected in
transformed buccal cells. Lack of differentiation keratins might signify a loss of
epithelial maturation, and imitate a system comparable to pre-malignancy, such as
severe oral epithelial dysplasia [Bloor, 1998] [Bloor, 2001].

High cell turnover keratins related to activation and cell stress were present in both
NOK and SqCC/Y1 but absent in SVpgC2a. Distributed uniformly in the suprabasal
layers of keratinizing and non-keratinizing oral epithelia [Morgan, 1991]. K6 and K16,
were up regulated in vitro to include basal cells, from NOK and SqCC/Y1. Enhanced
synthesis of high cell turnover keratins may result from tissue culture conditions, or due
to increased proliferative activity in the basal compartment, similar to that in
hyperproliferative conditions [Leigh, 1995]. A deficiency of K6 and K16 in SVpgC2a
conflicts with their heterogeneous distribution in severe oral dysplasia, possibly
because cells in SVpgC2a may represent a more basaloid phenotype [Morgan, 1991].
However, further studies of K6 and K16 gene expression on dysplastic and transformed
epithelium may aid our understanding of the processes involved in pre-malignancy.

Basal cell-specific keratins were expressed in all cell types although SVpgC2a showed
absence of K14. A reduction in expression of K5 and K14 in SVpgC2a may represent
early events of carcinogenesis, a situation similar to that reported in pre-cancerous
lesions [Vaidya, 1998] [Waseem, 1999]. The retention of K6 and K16 in SQCC/Y1 may
be linked to the ability of different cells to proliferate at different rates and show less
proliferation than oral epithelial dysplasia or hyperplasia.
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Representatives of simple keratins were expressed in all cell types. Simple epithelial
keratins are not usually present in non-keratinizing mucosal epithelia [Morgan, 1987]
[Bosch, 1988], although their synthesis is induced in cultured keratinocytes
[DiazGuerra, 1992]. In this organotypic epithelium, expression of simple keratins may
result in an embryonic phenotype of keratinocyte differentiation. In the presence of
excess K18 and K19 filaments, low levels of K7 and K8 imply that other type II
keratins may have paired with K18 and K19 to counterbalance the uneven
concentration of type I and II keratins in NOK. Increased expression of K8 and K18
seen in SqCC/Y1, has been associated with decreasing differentiation in oral SCC [Su,
1994] [Su, 1996]. Expression of K8 and K18 in SVpgC2a also supports findings on
oral dysplasia, in which these simple keratins are enhanced with decreasing epithelial
stratification [Su, 1994] [Morgan, 1994]. A rapid degradation of K8 and K18 protein
might be occurring in normal epithelia but be suppressed in dysplasia and malignancy.
Lack of K19 in immortalized epithelium is consistent with the situation in oral
dysplasia. K20 was absent in both NOK and SqCC/Y1, but was expressed
heterogeneously in all cells in SVpgC2a. The expression of K20 has not been
previously described for oral keratinocytes, and may represent an important regulatory
element in transformed keratinocytes, and hence in dysplasia.

By profiling keratin expression, it showed that organotypic cultures of NOK expressed
many of the same keratins as intact buccal tissue, and that the loss of keratins in
SVpgC2a and their retention in SqQCC/Y1 had several features in common with the
respective keratin profile of oral epithelial dysplasia and well-differentiated oral
squamous cell carcinoma. The experiments also demonstrated that immortalization and
malignant transformation was associated with loss of keratins associated to TSD.
Discordance between keratin expression in vivo and in vitro, may be due to the
specificity of the antibody, or the effect of serum, whereas this study employed serum-
free medium [Oda, 1998].

Keratin mRNA expression in monolayer cultures (paper II)

Keratins were evaluated by a micro-array analysis from serum-free monolayer cultures
of normal and immortalized cells. For both NOK and SVpgC2a, differentiation-specific
keratin K4 and K1 was absent while K13 and K10 mRNA was transcribed. This
discordance in keratin gene expression was previously observed at both the mRNA and
protein levels in various oral epithelia, involving cultured cells as well as tissue
[Lindberg, 1990] [Sexton, 1993] [Brysk, 1995] [Neugebauer, 1996] [Bloor, 1998]
[Oda, 1998]. Epidermal-type keratin, K2a was expressed in one sample while absence
of K9 was not unexpected, as this keratin is characteristic of palmar and plantar
keratinocytes during morphogenesis [Moll, 1982]. K2a expression is not typical of
buccal keratinocytes, but this keratin may have been spontaneously induced during
tissue culture conditions as seen for other keratins in cultured cell lines. Intensely
expressed high cell turnover keratin, K6a, K16 and K17 in NOK, is in accord with
many other studies. In contrast to NOK, high cell turnover keratins were absent in
SVpgC2a. Most basal specific keratins were transcribed at a high level in both NOK
and SVpgC2a samples, although K15 mRNA expression was lacking in the
immortalized cells.
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Simple epithelial keratins, K7, K8, K18 and K19 were present in NOK. Spontaneous
induction of simple keratins in normal keratinocytes may be a feature of culture
conditions or a switch towards a simple phenotype [Morgan, 1994]. K19 and K20 was
absent in SVpgC2a, whereas K7, K8 and K18 were intensely expressed. Also evident
from analyses in the organotypic cultures, the notable loss of transcripts for
differentiation and high cell turnover keratins, and increase in transcripts for simple
keratins, are consistent with a basaloid phenotype, in immortalized cells. K12, specific
for corneal-type differentiation was absent in all samples. Most of the hair keratins
were absent, although some were transcribed at a low level from both cell types. Low-
level mRNA expression of hair keratins has not been reported previously for buccal
keratinocytes. However, proteins for both acidic and basic hair keratins have been
detected in normal dorsal tongue [Langbein, 2001]. Different probes can detect
different sites on the gene and that might give an explanation to the disparate results
achieved for K7, where one probe showed high expression and one was absent.

NOK and SvpgC2a exhibited a range of keratins, evident from analysis at the mRNA
level. NOK generally showed more than 5-fold higher transcripts levels in many
keratins, than SVpgC2a line. The results confirmed that NOK expressed keratins in a
tissue-like manner and that SVpgC2a showed a keratin profile more commonly
associated to a dysplastic epithelium. The differences between NOK and SVpgC2a
were stated and keratin types not previously reported for buccal epithelium were also
implicated, including those associated to epidermis and hair. The SVpgC2a cell line
may be a useful model of a dysplastic state on the basis of the consistent formation of a
disorganized epithelium without the upward sequential differentiation pattern and
maturation that characterized NOK. The overall results provided further evidences that
models of normal and preneoplastic epithelia could be generated with NOK and
SVpgC2a cell lines.

Cell growth and cell death

Proliferation (paper II-1II)

Analyzes on proliferation relative to apoptosis were primarily made from organotypic
cultures generated with and without FBS. Comparison was made from different
protocols with NOK and SVpgC2a. Results from BrdU incorporation showed that
SVpgC2a was several-fold more active than NOK. Proliferation was detected primarily
in the basal layer of NOK whereas SVpgC2a showed proliferation throughout the
epithelium. SVpgC2a showed increased proliferation and sustained growth under
certain protocols with serum. Serum may act to support keratinocyte growth indirectly
by promoting mesenchymal-epithelial changes, but serum may also decrease growth by
inducing TSD, the latter process being partially defective in SVpgC2a [Grafstrom,
1997]. It seems conceivable that the proliferative and anti-proliferative actions of serum
were generally balanced in NOK, whereas proliferation was favored in SVpgC2a with
certain protocols. Moreover serum apparently stimulated the migration of SVpgC2a
cells into the collagen matrix, in some cultures. This effect was not noticed with NOK.
Related to 10 days, the proliferative procedures showed a tendency to decrease when
cultures were apprehended for 17 days.
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Further studies of proliferation relative to apoptosis were made in epithelia regenerated
with NOK, SVpgC2a, and the malignant SQCC/Y1 cell line. The organotypic epithelia
were cultured with or without fibroblasts in the collagen gel and with variable Ca®*-
levels in efforts to assess potential differences among the respective cell lines in
regulation of fundamental tissue homeostatic processes. Fibroblasts as mesenchymal
element can modulate and influence the phenotype of epithelial cells in vitro in
accordance with their origin. A more malignant epithelial phenotype can be obtained
using tumor fibroblast instead of normal, in organotypic cultures [Atula, 1997]. For all
our studies, normal oral fibroblasts were used as mesenchymal component. Incubation
of cells with BrdU during the final period of culture clearly indicated capability of
expanding and differences in the proliferative activity among cell lines. At all
conditions, SVpgC2a and SqCC/Y1 showed several-fold higher proliferation than
normal cultures. In all cell types, incorporation of fibroblasts in the collagen gel
significantly increased proliferation, while elevation of Ca*" had no effect.

Vimentin expression (paper II)

Expression of vimentin was analyzed by immunochemistry, in organotypic epithelia
generated with and without serum and a culture period for 10 and 17 days. The NOK
and SVpgC2a cell lines were evaluated from these protocols. Both cell lines exhibited
activated, proliferative states as implied from vimentin expression. In 10 day-cultures
the vimentin antibody stained basal and some parabasal cells and from the prolonged
culture period, vimentin generally showed a decreased staining in epithelial
compartment but were still visible in some basal cells. In both cell types, the majority
of vimentin-positive cells were situated beneath the basal lamina indicative of strongly
stained fibroblasts. Transcripts coding for vimentin, were also detected in both NOK
and SVpgC2a monolayer cultures. Vimentin was present at many-fold higher levels
than the other transcripts. Induction of vimentin may be connected with increased cell
motility, since vimentin expression has been reported in highly malignant tumors of the
head and neck region with a poor clinical prognosis. Vimentin together with strong
proliferation has been observed at the invasion front of assessed carcinomas and might
reflect a permanently activated state in response to surrounding tumor stroma [Richard,
1990] [Tomakidi, 1997]. Vimentin expression in epithelia, could be an indicator of a
hyper-proliferative state, also associated to stress response and activity [Evans, 1998]
[Runembert, 01]. Further, vimentin deficient cells exhibit a slower rate of proliferation
and DNA synthesis [Wang, 2000]. Migratory growth of keratinocytes into the collagen
matrix may reflect an activated state, although in the present study, this effect was
noted selectively with SVpgC2a.

Apoptosis in organotypic epithelia (paper II-III)

Assessment on apoptosis was exploit after 10 and 17 days, from organotypic epithelia
cultured with or without FBS. Apoptosis was detected throughout the epithelium in
cells derived both from NOK and SVpgC2a. Frequency of apoptosis, evaluated from
morphological characteristics and caspase-3 immunoassay, were independent of the
variable growth conditions. Although one exception was noticed in SVpgC2a, showing
significantly increased apoptosis from prolonged culture under a protocol with serum
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followed by a serum-free period. SVpgC2a showed significantly higher indices for
apoptosis than NOK under five tested conditions.

Further, apoptosis was scored from organotypic epithelia derived from all three cell
lines, with or without fibroblasts, at serum-free conditions with different concentrations
of Ca™*. Apoptosis was detected from morphological criteria in H&E stained sections
and from TUNEL assay. In NOK, desquamation of apoptotic cells was noted in the
upper suprabasal layers, whereas the TUNEL assay detected desquamation of TSD
cells without morphological signs of apoptosis. Organotypic epithelia generated from
transformed cells did not exhibit this phenomenon, possible due to reduced ability for
TSD [Grafstrom, 1997]. Both SVpgC2a and SqCC/Y1 epithelia were clearly capable of
apoptosis without undergoing TSD. Numbers of fragmented nuclei detected by TUNEL
were equal to morphological scoring of apoptosis in all organotypic epithelia, with the
exception of a few desquamating cells in NOK. SVpgC2a showed a 4 to 10-fold higher
apoptosis frequency than normal epithelia, and the SqCC/Y1 line demonstrated
apoptosis to a 2 to 4-fold higher level, compared with NOK. Inclusion of fibroblasts
significantly elevated apoptosis in NOK whereas elevated Ca®" had little effect.
SVpgC2a showed relatively higher apoptosis frequency than SqCC/Y1, but neither cell
type increased the action in respond to fibroblast incorporation.

Terminal squamous differentiation in organotypic epithelia (paper III)

Collagen with or without fibroblasts, and serum-free conditions with different
concentrations of Ca®* was used to evaluate the influences of TSD. Involucrin was
applied as a marker for cellular commitment to TSD. Immunochemical expression from
involucrin was visualized throughout the suprabasal compartment, but absent in the
basal layer in NOK. Involucrin was also expressed in a low number of apoptotic cells.
That indicate, although rarely, that a cell committed to TSD may take the alternate
route of apoptosis, but apoptosis does not require induction of TSD. It is currently
unclear to what extent TSD and apoptosis share biochemical features [Mitra, 1997]. In
SVpgC2a, involucrin was predominantly absent, whereas in SqCC/Y1, scattered
staining was detected in the upper suprabasal layers. NOK consistently exhibited higher
expression of the TSD marker involucrin than the transformed lines, and elevated Ca*
significantly increased the differentiation. Ionized calcium is the most common signal
transduction element in a wide range of cells including keratinocytes. A calcium
gradient is present in vivo where the levels are higher in the outermost, more
differentiated layers. In high calcium medium keratinocytes undergo differentiation and
form intercellular networks. Using media with low or high calcium concentration,
keratinocytes can proliferate for a limited time period but finally become senescent and
degenerated [Fusenig, 1994]. Transformed cells showed a minimal change in
differentiation at various conditions, and a failure to respond to elevated Ca®". The
results linked the immortal and malignant buccal phenotypes to aberrant regulation of
tissue homeostatic processes.

Utilized epithelia regenerated in vitro provides new information on the influences of
FBS, fibroblasts and Ca®* on oral keratinocytes, demonstrating firstly that regulation of
proliferation, TSD and apoptosis is inter-connected in many ways. Distinct states of
proliferation, TSD and apoptosis and different responses to growth and death stimuli
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characterized NOK, SVpgC2a and SqCC/Y1. This supports their usefulness in studies
of homeostasis, including carcinogenesis. The differences in proliferation and TSD
markers are similar to those shown for normal and transformed keratinocyte lines from
other squamous epithelia [Merrick, 1992] [Tsunenaga, 1994] [Delvenne, 1995].
Although the rates of proliferation and apoptosis in NOK, SVpgC2a and SqCC/Y1
were higher than in normal and dysplastic oral tissue [Birchall, 1997]. Parallel increases
of proliferation and apoptosis in NOK under a proliferative stimulus may reflect an
effort to maintain tissue homeostasis. Apoptosis may also protect against
transformation and increased proportion of aberrant cells under conditions of promoted
growth. Elevated Ca®* selectively stimulated TSD of NOK but not of SVpgC2a and
SqCC/Y1 and altering Ca®" levels failed to influence apoptosis in all cell types. The
lack of a significant coupling between proliferation and PCD in SVpgC2a and
SqCC/Y1 implies that the immortal and malignant phenotypes may be deficient in this
regard. The carcinogenesis model constituted by these cell lines thus include a hyper-
proliferative, TSD-deficient and hyper-apoptotic phenotype for the immortalized stage,
incapable of regulating TSD and apoptosis. Further a malignant stage showing a hyper-
proliferative phenotype, with some ability for TSD although with lowered ability for
apoptosis. Additional studies are obviously needed to delineate the similarity and
complex relationship in epithelial homeostasis, from normal and transformed cells.

Expression of p53 and p53-regulated genes

Organotypic epithelia (paper I1I)

Organotypic cultures at different conditions, were generated from NOK, SVpgC2a and
SqCC/Y1. Immunochemically research was assessed on p53, p21, Bax and Bcl-2
protein expression in respective epithelia. Analysis of the frequencies of the proteins in
each of the cell types demonstrated different expression patterns.

pS3

In NOK, p53 was dispersed in a random, tissue-like manner in basal and parabasal
cells. The frequency of p53 positive cells was increased in the suprabasal compartment
by the presence of fibroblasts in the collagen gel. For p53, it is possible that the
condition with fibroblasts might exert certain stress that promotes protein stabilization.
Contradictory the TSD-inducing effect of elevated Ca® was coupled with decreased
p53 expression. p53 protein is presumably functional in normal oral keratinocyte lines.
The scattered tissue-like expression of p53 in regenerated NOK-epithelium indicated
the functionality of p53. In SVpgC2a, p53 was heterogeneously distributed and showed
a strong, intense expression. Neither fibroblasts nor elevated Ca®" influenced the p53
expression in SVpgC2a. Anomalous expression of p53 in SVpgC2a is of interest since
the progression of oral cancer has been widely associated with aberrant pS3 expression
or p53 mutation [Edington, 1995] [Raybad-Diogine, 1996] [Nylander, 2000]. DNA
sequencing confirmed the wild type p53 genotype of SVpgCla, implying that
functional inactivation of p53 would occur by complex formation with SV40T antigen
[Grafstrom, 1990] [Kulkarni, 1995]. Expression of p53 was missing in SqCC/Y1, as a
result of a single rearranged p53 allele that cannot generate functional p53 protein
[Grafstrém, 1990] [Kulkarni, 1995].
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p21

A minority of cells expressed p21, in SVpgC2a and SqCC/Y1, showing small
differences between the various epithelia. The intensity of expression for p21 provided
no consistent pattern from the different conditions implicated. p21 has been detected in
differentiating layers of normal oral epithelium and associated with the initiation of
differentiation [Matsuta, 1997] [Harada, 2000]. NOK presented a slightly stronger
expression from p21 in the suprabasal cells, in accord that expression of p21 can induce
cell cycle arrest.

Bax

Differences in immunochemical expression of p53 protein among the cell lines
associated to the differences in Bax expression. In NOK, Bax protein was visualized in
many cells in the suprabasal compartment, and the expression level of Bax clearly
increased superficially with all culture conditions. The effect from fibroblast-mediated
increase in proliferation and apoptosis was coupled with decreased Bax expression, and
the TSD-inducing effect of elevated Ca>" was coupled with an increased Bax level. For
Bax in NOK, the high frequency of expression as well as the existence of a basal to
suprabasal gradient that was promoted by Ca>" implied a coupling to TSD and not to
apoptosis. Only the normal cells showed an increased Bax expression in the presence of
elevated Ca®*. Based on the ability of p53 to transactive expression of Bax the results
supported a role for p53 in Ca*’-mediated TSD-induction in normal keratinocytes.
Linking Bax and TSD was previous suggested, showing a lack of Bax in keratinocytes
with low calcium medium, but expressed in differentiated cells whit high calcium
[Maruoka, 1997]. Bax expression in SVpgC2a epithelia was predominantly absent and
different conditions were without effect. A deficiency in Bax regulation, parallel with
loss of TSD in immortalized cells was expound. The SqCC/Y1 epithelia showed small
differences in expression of Bax, from the different conditions applied. In SCC, as well
as in normal oral epithelia, the proportion of Bax-positive cells is higher in the
suprabasal than in the basal cell layer [Loro, 1999]. Confirming the in vivo situation,
Bax were expressed in the suprabasal compartment of both SqCC/Y1 and NOK
models.

Bcl-2

Considered to be a stem cell marker the Bcl-2 expression is generally associated with a
basal location [Gandarillas, 2000], whereas its immunochemical detection in apoptotic
cells is likely to reflect a cleavage product [Fadeel, 1999]. Other studies have verified
difficulties to detect Bcl-2 expression in vitro but not in vivo, although it is unknown
why [Maruoka, 1997]. The week or absent expression for Bcl-2 in this study, showed
no consistent pattern with the different conditions in the organotypic cultures. As
shown for NOK, occasional cells were Bcl-2 positive in the basal layer although cells
with characteristics of apoptosis also stained for Bcl-2. Anti-apoptotic molecules can
work by dimerizing with pro-apoptotic molecules to inhibit their function, therefore the
relative expression levels of Bcl-2 and Bax may determine if cells survive or undergo
cell death, respectively. The expression of Bcl-2 at a low and constant level would
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support that changes in Bax normally regulate the biological outcome of the Bcl-2/Bax
ratio [Gross, 1999].

Sub-confluent and confluent monolayer cultures (paper IV)

Further evaluations in immunochemical expression of proteins encoded by the p53,
p21, bax and bcl-2 genes were analyzed in sub-confluent and confluent monolayer
cultures. To provide a comparison between cells that are proficient and deficient in
p53-function, the assessment included normal and immortalized cells.

pS3

Assessment of expression frequency showed that a minority of NOK expressed p53 and
confluence somewhat influenced and lowered the frequency of positive cells. In
SVpgC2a, strong expression of p53 was seen in the majority of cells, comparable to
levels shown in earlier studies of the organotypic cultures.

p21

In NOK, a few cells expressed p21, without observed changes in the staining intensity.
Post-confluence in NOK cultures, showed an increase in the frequency of p21
expression. The low frequency of p21 remained unchanged with confluence in
SVpgC2a. The gradual and density-dependent increase of p21 expression in only a
fraction of NOK, and the parallel absence of p21 regulation in SVpgC2a, agree with its
involvement in regulation of growth arrest and TSD of keratinocytes [DiCunto, 1998]
[Gandarillas, 2000].

Bax

Assessment of expression frequency showed that most cells expressed Bax from the
different states of confluence in NOK. The high frequency of Bax expression remained
consistent with the conditions, although the staining intensity increased at confluence.
The expression pattern for Bax differed between NOK and SVpgC2a. The frequency of
Bax expression in SVpgC2a increased to some extent with confluence although without
altered intensity. For normal cells, Bax expression increased in growth-inhibited,
confluent conditions that induced TSD and decreased apoptosis. Thus, the elevated Bax
expression was associated with keratinocyte TSD but not with apoptosis, since
confluence significantly increased TSD while decreasing apoptosis. In agreement, Ca®*
exposure induces Bax expression in differentiating oral carcinoma cells in monolayer
culture [Tomkova, 1999], and the suprabasal compartment of organotypic epithelia
regenerated from NOK. The results provide further support for a dissociation of Bax
expression from keratinocyte apoptosis in NOK and are likely relevant for epithelia
other than buccal.

Bcl-2

For both NOK and SVpgC2a, the expression of Bcl-2 protein was detected to a low
extent from the immunochemical staining. Confluence somewhat increased the
frequency of Bcl-2 expression in NOK, but levels of Bcl-2 remained unchanged with
confluence in SVpgC2a. Based on the concept that the relative expression levels of Bcl-
2 and Bax determines if cells survive or undergo cell death, a role for Bax in regulating
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TSD agrees with the fact that over-expression of Bcl-2 blocks induction of oral
keratinocyte TSD [Harada, 1998] [Gross, 1999]. The Bcl-2 expression remained low
and relatively constant with the various confluent conditions in both NOK and
SVpgC2a. This further supported that changes in Bax would normally regulate the
biological outcome of the Bcl-2/Bax ratios in keratinocytes, as implicated from the
organotypic epithelia.

A composite view on the processes and genes that regulate tissue homeostasis in
squamous epithelia such as buccal epithelium is lacking, and the roles of genetic
alterations associated to p53 function inferred during oncogenesis need further
investigation. The present study utilize a technique to culture cells and regenerate
epithelia, from different culture conditions to compare expression of p53, p21, Bax and
Bcl-2 proteins. In organotypic epithelia, fibroblasts included in the collagen gel and
variable Ca>" in the growth medium demonstrated specificity among the cell types in
regards to protein expression. In monolayer cultures, different states of confluence, also
provided protein expression particular for the assorted cells. Pre-confluent to post-
confluent monolayer cultures in the presence or absence of PEX did not influence the
protein expression in SVpgC2a. The organotypic models did not generate epithelia
when cultured in PEX-free media, and assessments from this condition were excluded.

Previous studies would agree with a possible role for p53 in regulating gene expression
in growth-inhibited keratinocytes undergoing TSD also without the involvement of
external stress or DNA damage [Weinberg, 1995] [Shin, 1996] [Pluquet, 2001]. The
existence of p53-independent regulation of the above genes implies a need for studies
on mechanism, including the p53 homologues p63 and p73, transcription factors known
to influence ectodermal differentiation [Levrero, 2000] [Irwin, 2001]. Furthermore,
involvement of additional Bcl-2 family members should be considered in confluence-
induced TSD of keratinocytes [Gross, 1999] [Polverini, 1999] [Reed, 2000]. In
reference to the exploration of p53 function, this model provided new results,
associated with acquisition of immortality and loss of p53 function similarly to the
proposed scenario in vivo [Edington, 1995]. Therefore, cultures of human normal and
transformed oral epithelial cells are applicable to study various aspects of the
involvement of the p53 gene in oral carcinogenesis.

Influence of cell density (paper IV)

Available information on phenotypic alterations of transformed cells is obtained
primarily from culture of mesenchymal and hematopoetic cell types. Generally, the
immortal, non-malignant stage has been analyzed to a lesser degree than the malignant
stage. Hence, the additional studies of tissue homeostatic mechanisms including
proliferation, TSD and apoptosis, were assessed in NOK and SVpgC2a to elucidate
alterations occurring in the transition from normality to an early stage of cell
transformation. Reports on successful culture of most cell types without
supplementation of extracts or serum are scarce, and the potential for serial culture of
SVpgC2a at chemically defined conditions may be advantageous in further applications
of this cell line [Grafstrom, 1990]. The requirement for PEX, including its presumed
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growth-supporting effect, has not been studied in normal and immortalized oral
keratinocytes. Measurements in sub-confluent and confluent mass cells cultures was
determined in NOK and SVpgC2a at 70 and 100% confluence and in cultures kept at
confluence for additionally 3 and 6 days. Pre-confluent to post-confluent monolayer
cultures was analyzed in conditions with or without PEX as an alternative approach to
the regenerated epithelia.

Morphology and net growth

At these conditions, both cell types grew from a stage of single, separated cells into a
tightly packed mass of cells, showing signs of multi-focal growth at confluence.
SVpgC2a cells were more numerous at all states of confluence, both with and without
PEX. The morphological differences were most apparent at low density. NOK was
pleomorphic at all stages, exhibiting differences in shape and size, whereas SVpgC2a
was mostly uniform. When maintained at confluence, SVpgC2a appeared smaller in
size, in contrast to NOK that expanded.

Saturation density

SVpgC2a exhibited almost 10-fold higher saturation density than NOK at confluency,
and these cells expanded significantly until 3 days post-confluence. Growth inhibition
of SVpgC2a required longer time and higher cell numbers relative to NOK. The
number of SVpgC2a cells increased 3 to 4-fold when maintained at confluence for 3
days in media with or without PEX. Insignificant further expansion in cell density at
confluence plus 6 days, indicated that the cultures had reached their full saturation
density at these conditions, partly due to enlargement of the cell surface area and partly
due to detachment of cells. The growth behavior of NOK at different cell densities,
roughly imitated perturbed tissue states in vivo, not previously reported.

Colony forming efficiency

Colony forming efficiency (CFE) were determined in conditions with or without PEX
for both NOK and SVpgC2a. The removal of PEX essentially abolished growth and
almost abrogated CFE of NOK, whereas SVpgC2a only exhibited a minor lowering of
CFE. The CFE observed in sub confluent NOK decreased at confluency and by
maintenance at confluency. SVpgC2a exhibited significantly higher CFE than NOK at
all evaluated conditions. Growth to a confluent state increased CFE for SVpgC2a, and
moreover, SVpgC2a tolerated confluency without loss in CFE. The lowered CFE of
SVpgC2a noted in defined PEX-free media was not significantly influenced by
differences in cell density.

Clonal growth rate

Analysis of clonal growth rate (CGR) at different cell densities demonstrated marked
differences in the requirement for PEX in NOK and SVpgC2a. NOK could not tolerate
confluency without loss of growth capacity whereas growth to high density increased
the cloning ability of SVpgC2a. SVpgC2a exhibited significantly higher CGR, than
normal cells, at all conditions. Confluent NOK exhibited pronounced contact inhibition
as indicated from decreased cell numbers and loss of population doublings per day.
Removal of PEX markedly decreased CGR in NOK. In contrast, confluent SVpgC2a
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cells showed sustained growth and elevated cloning ability. SVpgC2a provided partial
or total independence from the PEX-related effects. In SVpgC2a removal of PEX did
not influence CGR, that was similar in both conditions. For SVpgC2a, the high cloning
ability, in part explain why this line is easily expanded into high cell numbers under
conditions of monolayer culture in EMHA.

Programmed cell death

From the fact that relationship between TSD and apoptosis is not clear, loss of TSD
features has been shown in immortalized keratinocytes from many tissues other than
buccal, and apoptosis is still largely undefined. Commitment to cell death by TSD or
apoptosis was analyzed in sub-confluent and confluent mass cultures of NOK and
SVpgC2a. Conditions without PEX were also evaluated in monolayer cultures from
SVpgC2a cells.

Detection of apoptosis

The frequency of apoptosis in sub-confluent cultures was about 3-fold lower in NOK
than in SVpgC2a. In NOK, confluent cultures and cultures maintained for 3 and 6 days
at confluence, the apoptotic frequency significantly decreased. The finding that
confluent normal keratinocytes exhibit decreased apoptosis has not previously been
demonstrated. This result suggests a coupling between growth and apoptosis regulation.
Decreased apoptosis may relate to the increased commitment of the cell population to
TSD, or in addition, decreased growth may lead to fewer errors and apoptotic deletions
of defective cells. SVpgC2a showed lack of change in apoptosis in both sub-confluent
and confluent conditions. For SVpgC2a, a lack of considerable changes was noted in
apoptotic frequency with all conditions, including the reduced value noted at 6 days
under conditions of decreased growth. The presence or absence of PEX had no
influence on apoptosis frequency of SVpgC2a. Accordingly, the high apoptosis
frequency of SVpgC2a may reflect high proliferation as well as inability to undergo
death by TSD, thus showing a shift from TSD to apoptosis.

Detection of terminal squamous differentiation

The state of confluency induced growth arrest and TSD in normal cells. Frequency of
expression, calculated from involucrin positive cells, was significantly increased in the
cell population of NOK maintained for additionally 3 and 6 days post-confluence. For
normal keratinocytes, the transition from a proliferative, sub-confluent to a growth-
inhibited, confluent stage is known to induce TSD [Poumay, 1995] [ Poumay, 1999].
The confluent NOK exhibited pronounced contact inhibition as indicated from
decreased cell numbers and loss of cloning ability concomitant with commitment to
TSD, similarly to other keratinocytes [Poumay, 1995] [ Poumay, 1999]. In each cell
culture grown to various states of confluency, the TSD frequency was more than 10-
fold higher in NOK than in SVpgC2a. For SVpgC2a, the transition from sub-confluent
and confluent conditions occurred without significant change in TSD, or apoptosis, it
retained an expression frequency of about the same level. The presence or absence of
PEX showed no influence on involucrin expression of SVpgC2a.
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Assessment of growth of NOK and SVpgC2a at variable densities, and in conditions
with or without PEX, demonstrated that immortalization of oral keratinocytes involved
a spectrum of phenotypic alterations. SVpgC2a exhibited increased cloning ability,
increased growth rate, decreased requirement for supplementation with PEX, decreased
responsiveness to contact inhibition of growth, lack of commitment for TSD and
inability to regulate apoptosis. For SVpgC2a, the high cloning ability, growth rate and
saturation density and failure to undergo normal TSD further more explain why this
line is easily expanded into high cell numbers under conditions of monolayer culture in
EMHA. The results indicated that the immortal, non-malignant state of SVpgC2a
expressed phenotypic properties commonly associated to tumor cells. Previous lack of
definition of characteristics associated to keratinocyte immortalization implied that the
results may be generally applicable to other tissues than oral mucosa, including that
chemically defined conditions may be applied to monolayer culture of immortalized
keratinocytes. In contrast, EMHA excluded from PEX, provided obliterated growth in
both monolayer cultures and organotypic cultures generated from NOK. Keratinocyte
culture is likely promoted by several components in PEX, since various singly
identified factors, e.g. growth factors and hormones, are unable to fully replace the
extract in various experimental systems [Asami, 1984] [Halper, 1992] [Tanigaki-
Obana, 1994].
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CONCLUSIONS

A compound in vitro model for step-wise malignant transformation of oral epithelium
is described where altered regulation of growth, cell death, differentiation and p53-
expression is imperative.

Normal, experimentally immortalized and malignant human buccal keratinocyte lines
derived in monolayer culture can generate organotypic epithelia under standardized
culture conditions. These conditions include media with or without serum, at variable
Ca**-levels, and with or without influences of oral fibroblasts.

Organotypic epithelia derived from NOK, SVpgC2a and SqCC/Y1 provide a model
that exhibits histological features that span the progression from normal to malignant
tissue.

Organotypic epithelia regenerated with NOK, SVpgC2a and SqCC/Y1 cell lines exhibit
distinct phenotypes with respect to the expression of markers of proliferation, TSD and
apoptosis.

Profiling of keratin expression, including both mRNA and protein, showed that NOK
expressed keratins typically found in normal tissue, whereas SVpgC2a and SqCC/Y1
showed features typical of severe epithelial dysplasia and well-differentiated oral SCC,
respectively. These results confirm that altered keratin expression is a feature of
malignant transformation.

The role of inactivated tumor suppressor p53 function was implicated based on the
presumed functionality of p53 in normal cells, non-functionality of p53 in SVpgC2a
and loss of p53 in SqQCCY/1. Assessment of gene expression linked p53 and Bax as
candidates for participating in keratinocyte TSD in normal epithelium among other
genes.

Investigation of the impact of cell density demonstrated that immortality is coupled to
altered regulation of cell proliferation, TSD and apoptosis as well as the expression of
proteins associated to these processes. These results also show that SVpgC2a is easily
expanded into large cell numbers since it escapes various pressures that normally would
induce growth-arrest and TSD in culture.

Assessment of cloning efficiency and growth in mass culture under serum-free
conditions demonstrated the respective dependence and independence for PEX of NOK
and SVpgC2a. Differently to NOK, it is therefore possible to cultivate SVpgC2a under
chemically defined conditions.

These results suggest that the above cell lines can serve in further studies aimed at

investigating the changes that occur in normal and transformed states of oral buccal
epithelium.
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