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Abstract

ABSTRACT

Integrins are cell surface molecules involved in cell-cell and cell-extracellular
matrix interactions. They consist of non-covalently linked a and B glycoprotein chains,
and play an important role in regulating cellular interactions during growth, development,
differentiation and the immune response as well as tumour cell invasion and metastasis.
Altered integrin expression has been reported in various epithelial tumours as well as
epithelial cell lines derived from them.

However, the effect that altered integrin

expression has on the behaviour of epithelial cells is not fully understood. The purpose
of this study was to investigate the role of integrins in modulating the behaviour of
kératinocytes. Epithelial cell lines derived from oral squamous cell carcinomas (SCCs)
were used along with frozen sections of oral squamous cell carcinomas.
s e e cell lines H357 and H376 that were naturally deficient in the ocy and B4
integrin subunits respectively were "repaired" by transfection of the cell line with the
missing subunit along with a drug resistance gene.

Empty vector controls were also

made. Positive clones were sorted by FACS, until after 4 sorts stable integrin expression
was observed in 7 ay and 5 B4 clones.

B5 was the subunit found to be associated with

the «V subunit. Introduction of the integrin subunits had no consistent effect on the growth
rate of the clones on tissue culture plastic. However, anchorage-independent growth was
reduced in the ay expressing clones compared with the negative controls. Neither positive
transfectants nor parental cells caused tumour formation in nude mice. The capacity for
terminal differentiation, as measured by involucrin production, a precursor of the comified
envelope of kératinocytes, was increased in the ay clones, but not in the B4 clones.
Expression of the

&od af^^ integrins in the cell lines enabled them to adhere to their

respective ligands, vitronectin and laminin. Expression of « 6 8 4 reduced the motility of the
H376 cells.

Staining of frozen sections of oral squamous cell carcinomas showed a

reduction in «yBs and ay in poorly differentiated tumours compared with moderately and
well differentiated tumours. Bg was only expressed in squamous cell carcinomas whereas
B3 was not expressed in any of the specimens examined.
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Introduction

Chapter 1

INTRODUCTION
1.0

Overview
Neoplastic transformation results from loss of normal controls over the growth

and differentiation of cells (Weinberg 1991). A characteristic of malignant cells is that
their growth involves invasion into surrounding tissues and metastasis to distant sites.
The process of tumour growth and metastasis involves a number of complex coordinated
mechanisms.

Enlargement of the primary tumour is accompanied by growth of new

blood vessels.

Invasion of the tumour into the surrounding tissue and into blood and

lymphatic vessels is then followed by release of cells from the primary mass.

These

cells must survive in the circulation, arrest at a secondary site and then leave the blood
or lymphatic vessel and migrate into the adjacent tissues. Following this the cells must
grow and produce a tumour at the secondary site.

To accomplish these steps, a

tumour cell must change its ability to interact and adhere to cells and extracellular
matrix proteins.

Cell adhesion molecules are found on the surface of all cells and

enable them to interact and adhere with other cells and the extracellular matrix.
Therefore, the roles of these molecules in malignant disease is the subject of great
interest. Integrins are one of the families of cell surface adhesion molecules involved
in such interactions and therefore modulation of integrin expression and function may
be important in mediating the behaviour of malignant cells.

1.1

Integrins
Integrins are a family of cell surface receptors involved in cell-cell and cell-

extracellular matrix (ECM) interactions (Hynes 1992, Ruoslahti 1991, Albelda and Buck
1990). Each integrin is composed of an a and a 15 subunit which are glycoprotein
chains. Integrins serve as a link between the extracellular matrix and the cytoskeleton
of the cell (Chen et al. 1985, Burridge et al. 1988).

15
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1.1.1 Integrin Classification
The integrins are subdivided into families based on the B chains.

There are

8

B and 15 a subunits. Some a subunits are capable of combining with more than one
B subunit, whereas others can only combine with one B subunit, ay is unique as it
potentially associates with 5 B subunits. Ligand binding specificity depends, to a large
extent on heterodimer composition, but the same integrin in different cell types can
show different binding properties (Elices and Hemler 1989, Kirchofer et al. 1990).
Most integrins can combine with more than one ligand and one ligand can combine with
more than one integrin.

However, different integrins that bind to the same ligand may

not necessarily serve the same function within the cell.

Individual cells can vary their

adhesive properties by selective expression of integrins and further versatility is
achieved by cells modulating the binding properties of integrins. Figure 1.1 shows the
relationships of the integrin subfamilies.

The B2 integrins which are expressed on

leucocytes and cells of the immune system, have not been included.

Figure 1.1

Integrin Subunit Associations

16
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1.1.2 Integrin Structure
Each integrin subunit consists of a short cytoplasmic domain of about 50 amino
acids (except B4 , which has a tail of about 1(XX) amino acids (Hogervorst et al. 1990)),
a hydrophobic transmembrane domain and an extracellular domain.

The a subunits

vary in size between 120-180 kDa and the B subunits between 90-110 kDa. The
extracellular domains of a and B subunits are greater than lOOkDa and 75 kDa
respectively, and they combine non-covalently to form aB heterodimers.

The

transmembrane and cytoplasmic domains are not needed for aB interactions as truncated
integrins that lack transmembrane and cytoplasmic domains can be expressed and do
form functional aB dimers (Dana et al. 1991, Bodary et al. 1991).

Electron

microscope images of purified integrins (Nermut et al. 1988), cross linking experiments
(Smith and Cheresh 1988, D ’Souza et al. 1988) and detailed mutational analysis of
ligand-binding domains suggest an association of the aminoterminal globular domains
of the a and B subunits to form the extracellular ligand binding regions of the receptor.
Some integrins have an extra domain of 180 - 200 amino acids between the last
calcium binding site and the amino terminus (Hemler 1988) known as the I (inserted)
domain, which plays a role in ligand binding (Haas and Plow 1994).
The B subunits have a 40% homology in their amino acid sequences (Hemler
1990), with specific structural features being conserved over a wide variety of species
including mammals, birds, amphibians, insects and fungi (Marcantoni and Hynes 1988).
Bi - B3 and B5 - By subunits have very similar cytoplasmic domains, with three amino
acid clusters that are highly conserved (reviewed by Sastry and Horwitz 1993). The
high degree of conservation of these clusters suggests a fundamental structural and
functional role for them.

However, variant sequences have been reported for the B

subunit cytoplasmic domains of Bj, B3 and B4 , and two variants of B^, Bib and Bjs, have
been reported (Balzac et al. 1993, Languino and Ruoslahti 1992, Altruda et al. 1990).
B4 has a unique cytoplasmic domain as it is very large (see above) and is associated with
the intermediate filament network rather than the actin cytoskeleton with which Bj
integrins interact (Sonnenberg et al. 1991, Stepp et al. 1990). Three variant forms of
B4 exist, B4 A, B4 B, and B4 C (Tamura et al. 1990), which probably arise from alternative
17
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Figure 1.2

Schematic Structure of an Integrin

Ligand Binding Region

Metal Binding
Region
S-S
Cysteine Rich
Repeats

EXTRACELLULAR
DOMAIN

S-S

PLASMA
MEMBRANE

Actin Cytoskeleton
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splicing of 6 4 mRNA. The B4 Ais the most commonly found variant (Suzuki and Naitoh,
1990).
The a subunits exhibit more sequence heterogeneity than the B subunits, but
their cytoplasmic domains are highly conserved among different species, for example,
the «V subunit is 83% identical in amino acid sequence between chick and human
(Bossy and Reichardt 1990). In contrast to the B subunits, the different cytoplasmic
domains show little homology , but one domain, the GFFKR motif, adjacent to the
transmembrane domain is conserved in all a subunits.

O’Toole et al. (1994) have

shown that this region is important for maintaining integrins in a default low affinity
state.
The current view is that the a and B amino terminal domains form a ligand
binding head on each integrin. Two stalks each made up of one of the subunits connect
the heads to the membrane spanning segment and thus to the cytoplasmic domains.
The cytoplasmic domains interact with cytoskeletal proteins and other cytoplasmic
components (Horwitz et al. 1986, Burridge et al. 1988, Otey et al. 1990). Therefore
a link between the cytoskeleton of the cell and the extracellular matrix exists through
the integrin molecule. The schematic structure of an integrin is shown in Figure 1.2.

1.1.3

Ligand Binding and Integrin Adhesion
A similar mechanism of ligand binding occurs in different integrins (Humphries

1992). Many integrins recognize a specific amino acid sequence, the "RGD" sequence
(arginine-glycine-aspartate) which is present in a wide variety of matrix proteins
including fibronectin, vitronectin, collagen, laminin, von Willebrand factor, fibrinogen,
osteopontin and thrombospondin.

Some integrins recognize one or more of these

ligands in the context of the RGD sequence, whereas others are more restricted in their
ligand binding specificity.

For example, «v^ 3 recognizes all the listed matrix

molecules, a^Bg binds vitronectin and

binds fibronectin, yet they can all be

inhibited with the same RGD peptides. Therefore, it is possible that alternative regions
within the ligand contribute to the specificity of these interactions. The specificity may
also be determined by the unique conformation that the RGD sequence may adopt in
19
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different proteins (Pierscbacher and Ruoslahti 1987). Experiments involving integrins
and the RGD sequences in fibrinogen have implied that integrin-mediated ligand binding
depends on secondary and tertiary structural requirements as well as primary sequence
recognition.

However, not all integrins recognize RGD even though they bind to

proteins that contain RGD sequences. Some integrins of the Bi, Bg and B7 families bind
other cell adhesion molecules, such as ICAM-1 and VCAM-1, for example, a^Bi is
capable of binding with fibronectin and VCAM-1 (Elices et al. 1990).
Integrins require divalent cations to bind their ligands (Smith and Cheresh 1991),
and in some cases the ligand affinity of some integrins is affected by divalent cations.
For example Mn^"^ enhances the binding of CX5 B1 to fibronectin (Gailit and Ruoslahti
1988).
Integrins provide a mechanism for cell adhesion and localize to structures such
as focal adhesions and adhesion plaques when the cells are adherent to the appropriate
ligand. Adhesion often results in changes in cell shape and involves reorganization of
cytoskeletal proteins and alignment of stress fibres with focal adhesions through integrin
association with the actin cytoskeleton.

Integrins

provide a link between the

extracellular matrix and the cytoskeleton via talin (Horwitz et al. 1986), vinculin (Chen
et al. 1985), a actinin (Otey et al. 1990) and actin (Burridge et al. 1988). The role of
these adhesion structures in epithelial cells is discussed in Section 1.2.5.
There is more evidence for interactions of the B subunits with cytoskeletal
proteins than for a. subunits, and current data point to the integrin B subunit
cytoplasmic domain as the structure that targets integrins to focal adhesions.
Flamme et al. (1992) showed that the Bj and not the

« 5

La

cytoplasmic domain directs

host protein to focal adhesions. In addition, truncations of the « 5 cytoplasmic domain
do not influence the targeting of a^Bi to focal adhesions in the presence of fibronectin
(Bauer et al. 1993). A combination of deletions and single amino acid substitutions has
identified putative sequences in the cytoplasmic domain required for the localization of
Bi integrin subunits to focal contacts (Reska et al. 1992). Bi and B3 integrins both
localize in focal adhesions and have very similar cytoplasmic domains. Localization to
focal adhesions also appears to be substrate dependent. The a^Bi but not a^Bg integrin
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localizes to focal adhesions on fibronectin substrates, whereas on vitronectin the
and not the
that the

« 5

receptor localizes (Singer et al. 1988, Path et al. 1989). It is thought
cytoplasmic domain interferes with the ability of the Bi cytoplasmic domain

to interact with the cytoskeleton unless the receptor is ligated.

Hence the suggestion

that the a cytoplasmic domain inhibits localization of unoccupied integrins. However,
this is not the only determining factor as cells plated on vitronectin have ay^ 3 but not
ttyBs localised in focal contacts even though both react with the RGD sequence site on
vitronectin (Wayner et al. 1991). On vitronectin, there is co-localisation of «yBg, but
not cKyBg with the cytoplasmic proteins talin, a actinin, tensin and actin (Lewis et al.
1996).

1.1.4

Integrin Signaling
Integrins function not only as structural receptors that link the ECM with the

cytoskeleton, but also as signal transducers. They are able to transmit signals from the
exterior of the cell into the interior, the so called "outside-in" signaling, as well as the
"inside-out" signaling (Hynes 1992), discussed in regulation of integrin function.
Section 1.1.5.
Ligation of integrins has been shown to activate a number of intracellular
signaling events or secondary messengers resulting in a wide variety of

cellular

responses including differentiation, proliferation, differential gene expression,
cytoskeletal assembly and migration. Integrin induced signals include Ca^^ influx, H^
exchange,

protein

tyrosine and

non-tyrosine phosphorylation,

alterations in

phosphoinositide metabolism, activation of mitogen-activated protein (MAP) kinases,
changes in gene expression and growth stimulation (reviewd by Hynes 1992, Juliano
and Haskill 1993, Parsons et al. 1994, Clark and Brugge 1995).
Integrin cytoplasmic domains do not possess kinase or phosphatase activities,
and so must interact with initiators of signaling cascades.

Current models postulate

that integrin cytoplasmic tails bind to signaling molecules, such as one of the kinases,
which then initiates the signaling cascade after integrin ligation (Yamada and Miyamoto
1995). Focal adhesions are areas where integrin-mediated signal transduction can occur
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since they consist of regulatory proteins such as tyrosine kinases as well as the
structural proteins. Focal adhesion kinase (FAK), a tyrosine protein kinase binds to the
Bi integrin cytoplasmic domain (Schaller and Parsons 1994) and it co-clusters with fij
integrins that are aggregated by non-inhibitory anti-integrin antibodies (Miyamoto et
al. 1995a). «v^ 3 and

integrins are able to induce co-localisation of FAK (Lewis

et al. 1996). Akiyama et al. (1994) report that Bg and B5 as well as Bi can trigger
phosphorylation of FAK after clustering.
phosphorylation only in

However, Lewis et al. (1996) report

expressing cells, stimulation with phorbol esters being

necessary for phosphorylation of FAK in the

expressing cells. The signal

transduction pathways that are activated after clustering and activation of kinases, may
resemble other established pathways (Clark and Brugge 1995).
Aggregation of integrin receptors, even in the absence of ligand occupancy, is
sufficient to bring about a transmembrane accumulation of at least 2
molecules

(Miyamoto

et al.

1995b).

However,

0

tyrosine

signal transduction
kinase-mediated

phosphorylation and actin cytoskeletal integrity, as well as integrin occupancy and
aggregation, are required for the accumulation of F-actin, paxillin and filamin
cytoskeletal elements. Talin, a-actinin and vinculin require both integrin aggregation
and occupancy, but not tyrosine phoshorylation for membrane accumulation (Miyamoto
et al. 1995b).

It appears therefore, that these integrin-based signaling pathways and

cytoskeletal organising systems are highly sophisticated, with each element having
specific requirements for membrane accumulation and specific functions.

1.1.5 Regulation of Integrin Function
As mentioned above cells are able to alter their adhesive properties by selective
expression of integrins, but further versatility is introduced by the ability of cells to
modulate the binding properties of integrins.

Integrin function and affinity for their

ligands can be controlled by intracellular or extracellular events.
Integrins can be functionally active or inactive (Adams and Watt 1990), and
both subunits can contribute to the regulation of integrin activity.

In the so called

"inside-out" signaling the affinity and conformation of the integrin is modulated from
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within the cell. An example of inside-out signaling is seen in platelets where the aiJlg
integrin on resting circulating platelets is in an inactive state and does not bind any of
its soluble ligand.

However, following platelet activation a conformational change

occurs and the

integrin becomes an active receptor (Keiffer and Phillips 1990,

Phillips et al. 1991). Changes in the affinity of integrins for their extracellular ligands
in respones to cytoplasmic signals have also been observed in

integrins (Faull et al.

1994).
The cytoplasmic tails of both integrin subunits play a role in regulating integrin
function. The a subunit tail is essential for maintaining integrins in their active state
and is required for the upregulation of integrin function by signals from within the cell
(Kassner and Hemler 1993, Kawaguchi and Hemler 1993).
required for adhesive function and for the migration of

The Bi subunit tail is

integrins into focal adhesions

(La Flamme et al. 1992), (see Section 1.1.3.) These functions are mediated by separate
regions of the cytoplasmic tail (Reszka et al. 1992, Hemler et al. 1994). There are
several phosphorylation sites on the B% tail and correlative evidence suggests that
changes in phosphorylation are associated with changes in the activity of Bj integrins
(Hemler et al. 1994).
Integrins interact with their ligands in a cation-dependent fashion and integrins
are known to be differentially affected by divalent cations (Albelda and Buck 1990,
Ruoslahti 1991, Hynes 1992). This provides another mechanism for integrin regulation.
For example, in the presence of Mg^'^, Ca^^ inhibited the ability of integrin ayBi to
bind RGD containing peptides or its ligand fibronectin, while Ca^^ enhanced the binding
of integrin a^Bg to RGD containing peptides or vitronectin (Kirchhofer et al. 1991).
Each oc chain contains three repeats of a cation binding motif, which appear to be
directly involved in ligand binding interactions (D’Souza et al. 1994, Haas and Plow
1994).
It is possible to activate or inhibit ligand binding with monoclonal antibodies
against the Bi subunit (Akiyama et al. 1989, Kovach et al. 1992). It is thought that
these antibodies cause conformational changes in the binding site which affect the ability
to bind ligand.

Some antibodies only recognise the Bj subunit in the active state.
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probably by binding to a region that is exposed in the active configuration, supporting
this hypothesis (Kovach et al. 1995).

This is therefore another possible means of

controlling integrin function.
The availability of recognized sequences on the extracellular matrix protein also
provides a means of control over integrin function, for example the RGD sequence on
the laminin A chain is not exposed and the two RGD sequences on the a fibronectin
chain are not readily detectable (Cheresh et al. 1989a, Aumailly et al. 1990). These
sites are exposed by proteolytic digestion of the ligand.

This finding suggests that in

vivo matrix-integrin interaction might be partly regulated by proteolytic cleavage, as
occurs in acute inflammation or in areas of invasive growth of neoplastic cells.
The plasma membrane may play a role in the control of integrin function as it
has been shown that the phospholipid composition of the surrounding plasma membrane
influences the receptor affinity (Conforti et al. 1990) and may well explain the presence
of specific matrix-adhesion domains on the plasma membrane.

1.2

Oral Mucosa
The oral cavity is lined by mucosa that consists of a superficial layer of stratified

squamous epithelium and an underlying lamina propria, separated by a basement
membrane.
Oral epithelium has several distinct patterns of maturation in different regions
of the oral cavity. Keratinised epithelium is found in the masticatory mucosa of the
hard palate and in parts of the dorsum of the

tongue and gingiva.

Keratinised

epithelium of the oral cavity has a similar structure to epidermis. In some areas, such
as in gingiva the epithelium keratinises but the nuclei are not lost and the epithelium
is termed parakeratinised.

Non-keratinised epithelium forms the surface of the

distensible lining mucosa of the soft palate, ventral surface of the tongue, floor of
mouth, alveolar mucosa, vestibule, lips and cheek. In general it is thicker and more
permeable than keratinised epithelium.
Stratified squamous epithelium is composed of multiple layers of kératinocytes
that form a continuous sheet, tightly linked to one another and to the underlying
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basement membrane. As such it provides a barrier to the outside world preventing the
entry of microorganisms and other noxious substances as well as preventing the loss of
body fluids.

Also present within the epithelium are melanocytes, Merkel cells,

Langerhans cells and lymphocytes. The basal kératinocytes are attached to the basement
membrane which undulates as connective tissue papillae intedigitate with rete ridges.
1.2.1 Stratified Squamous Epithelium
There are three main phases in the life of a keratinocyte: 1) growth and
proliferation in the basal layers,

2

) maturation and outward displacement more

superficially and 3) desquamation at the outer layer.
Basal kératinocytes are cuboidal cells attached to the underlying basement
membrane by hemidemosomes and to each other by desmosomes. Most cell divisions
occur within this layer and the cells are the least differentiated of the epithelial layers.
The cytoplasm contains the distinct network of keratin intermediate filaments which give
kératinocytes their name. The keratin filaments connect with the hemidesmosomes and
desmosomes (Staehelin 1974, Jones et al. 1989, Schwarz et al. 1990).
After dividing a cell may remain within the basal layer or move upward and
commence differentiation and maturation. There are two types of proliferating cells in
the basal layer: stem cells, which retain a high capacity for self-renewal throughout
adult life, and transit amplifying cells, which have a lower capcity for self-renewal and
a high probability of undergoing terminal differentiation after a few rounds of cell
division (Potten 1981, Hall and Watt 1989).

The earliest event in the initiation of

keratinocyte terminal differentiation is irreversible withdrawal from the cell cycle,
which is associated with an increase in cell size, loss of proliferative capacity
(Barrandon and Green 1985) and expression of involucrin (Watt and Green 1981). A
cell committed to terminal differentiation will detach from the basement membrane,
following the inactivation and loss of
1993).

integrins on the cell surface (Hotchin et al.

In stratified cultures of kératinocytes, upward migration is a consequence, not

a cause of terminal differentiation (Watt and Green 1982) and occurs because
kératinocytes become less adherent to their substratum and to one another (Watt 1984),
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and this is also true in vivo (Iverson et al. 1968).
As cells leave the basal layer they become more flattened and take on a spinous
appearance. At a histological level the spines correspond to the insertion of bundles of
keratin filaments into neighbouring cells. This spinous or prickle cell layer is 4 or 5
cells thick, with the more superficial cells being larger, more flattened and containing
more keratin bundles than those adjacent to the basal cells.
Lying superficial to the spinous layer is the granular layer, so called due to the
accumulation of 0.5-5/im diameter keratohyaline granules in the kératinocytes (Holbrook
1994). Also present in the cells are membrane coating granules which fuse with the
plasma membrane and discharge their contents into the intercellular space, which play
a role in controlling the permeability of the epithelium. The cells again become larger
and more flattened before entering the most superficial layer.
Within keratinising epithelium, such as the epidermis and the hard palate,
gingiva and dorsum of the tongue in the mouth, the most superficial layer is the
comified layer and consists of fiattenend dead squames, the cytoplasm of which is full
of keratin and devoid of organelles. This process of kératinisation is accompanied by
the deposition of a tough comified envelope, made of crosslinked involucrin and loricrin
proteins just below the plasma membrane.
In epithelium that does not keratinise the cells become flatter and larger as they
progress towards the surface, but they do not lose their nuclei or form a comified layer,
and the cells that are shed from the surface contain a variety of organelles and
unbundled filaments.
The final step in the maturation process is desquamation and in order to maintain
a constant thickness of epithelium this must be equivalent to the rate of cell division in
the basal layer.
Schematic diagrams of epidermal and oral keratinocyte layers are shown in
Figures 1.3 and 1.4.
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Figure 1.3

Diagram Showing the Arrangement of the Histological Layers of
Kératinocytes in Human Epidermis

Cornified L ay er__
Granular Layer

Spinous Layer

Basal Layer
Basement Membrane

Figure 1.4

Diagram Showing the Arrangement of the Histological Layers of
Kératinocytes in Human Oral Mucosa

Superficial L ay er___
Granular Layer

Prickle Cell Layer
Suprabasal Layer
Basal Layer
Basement Membrane
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1.2.1.1

Culture of Kératinocytes
It is possible to culture kératinocytes so that they form a stratified squamous

sheet which mimics growth in the epidermis (Watt 1994), and the oral cavity.

The

cells can be grown using the Rheinwald and Green (1975) culture method, which
involves plating a single cell suspension on a feeder layer of growth arrested mouse 3T3
fibroblasts, in medium containing serum and other additives as described in Section 2.1.
The colonies formed in this method grow and coalesce to form a confluent sheet,

6 - 8

cell layers thick, in which desmosomes and adherens junctions and stable anchoring
contacts (SACs, see Section 1.2.5.1) are formed (Watt et al. 1984, Magee et al. 1987,
O’Keefe et al. 1987, Carter et al. 1990b), but hemidesmosomes are not (Holbrook and
Hemmings 1983). Basal cells in these cultures express integrins and cells above the
basal layer express differentiation markers such as involucrin (Watt and Green 1982).
This method provides a valuable tool for investigating the growth of normal
kératinocytes as well as the changes that can occur in the progression from normal to

tumorigenic growth.

1.2.2

Basement Membrane
Basement membranes are cell associated extracellular matrices that may

completely surround groups of cells as in muscle or make contact with only one cell
surface as in stratified squamous epithelium. This description of basement membranes
will be limited to those that are present in epidermis and oral mucosa.

Basement

membranes spatially orientate kératinocytes, organise their cytoskeletal networks, affect
their internal properties (Ingber et al. 1981), and are involved in controlling
keratinocyte differentiation in the epidermis (Adams and Watt 1990, Adams and Watt
1993). They also form selectively permeable barriers between tissue compartments and
provide immobilised ligands for cellular receptors.

The proteins in the basement

membrane are produced by both fibroblasts and kératinocytes (Marinokovich et al.
1993).
Conventional electron microscopy of the basement membrane reveals 3 layers;
from the epithelial side inwards these are the lamina lucida, the lamina densa and the
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reticular layer (Briggaman and Wheeler 1975). The lamina lucida is a 45nm thick
electronlucent layer that lies between the basal surface of the kératinocytes and the
lamina densa and is traversed by anchoring filaments running from the kératinocytes to
the lamina densa. The lamina densa is an electrondense layer, 55nm thick that contains
abundant collagen IV.

The reticular layer is an electron lucent layer traversed by

anchoring fibrils of collagen VII connecting the dermis to the hemidesmosomes.
However, Rouselle et al. (1991) suggest that the lamina lucida may be an artefact due
to shrinking of the basal cells away from the basement membrane during preparation
of the sections, and that the lamina densa is the residue of the whole basement
membrane. Laminin 5 forms the anchoring filaments that are seen to run from the
hemidesmosomes into the basement membrane, and plays an important role in
maintaining the dermo-epithelial junction as demonstrated by the disease Herlitz’s
junctional epidermolysis bullosa in which individuals have mutations in the laminin 5
gene (Verrando et al. 1991, Aberdam et al. 1994, Pulkkinen et al. 1994).
Laminin 1 is the most abundant non collagenous protein in the basement
membrane, and is located in the lamina lucida. Laminin 1 binds to collagen type IV
and heparan sulphate proteoglycans so that the heparan sulphate and laminin are
embedded within a network of polymerized type IV collagen (Laurie et al. 1985).
Multiple interactions between the various collagen, heparan and laminin binding
domains are believed to orientate the three molecules within the network.
Nidogen/Entactin is a 150kDa glycoprotein present in epidermal basement membranes
(Yurchenco and O’Rear 1994). It is able to bind to other basement membrane proteins
and is thought to play a role in the assembly of the proteins into a three dimensional
network in vivo (Yurchenco and Schittney 1990, Yurchenco and O’Rear 1994). A small
amount of fibronectin is present in the basement membrane (Fleischmayer and Timpl
1984). Also present are proteoglycans, such as heparan sulphate, chondroitin sulphate
and hyaluronic acid, perlecan and veriscan (Caughman et al. 1987, Murdoch et al.
1994, Zimmerman et al. 1994, Van den Bom et al. 1994). These molecules are able
to bind growth factors and present them to receptors at the cell surface (Aviezer et al.
1994)
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1.2.3

Connective Tissue
Immediately below the basement membrane lies a specialised layer of dense

connective tissue known as the dermis in the skin and the lamina propria in the oral
mucosa. This layer imparts strength to the skin and mucosa. It consists of a dense
latticework of collagen and elastin embedded in a viscoelastic ground substance of
proteoglycans and glycoprotein. Other components include elastin, tenascin (ChiquetEhrismann 1991) and fibronectin (Yamada 1989) and vitronectin associated with dermal
elastic fibres (Dahlback et al. 1989). The stroma also contains cells such as fibroblasts,
osteoblasts, chondroblasts, mast cells and leucocytes. Capillary loops and lymphatics,
nerves and nerve endings enter the lamina propria and dermis from the underlying
tissue.

1.2.4 Extracellular Matrix Proteins
1.2.4.1

Fibronectin
Fibronectin is a ubiquitous 540kDa glycoprotein found in plasma and serum and

widely distributed in tissues, it is involved in a wide variety of cellular interactions with
extracellular matrices.

The molecule is composed of two identical subunits held

together by two disulphide bonds near the carboxytermini to produce a " V shaped
molecule. Each subunit contains domains that bind other fibronectin dimers, collagen
types I and IV, heparin and the cytokine transforming growth factor 13 (Fava and
McClure 1987, Hynes 1989, Potts and Campbell 1994). Molecules are made of three
general types of short amino acid sequences that are repeated many times.

1.2.4.2

Collagen
The fundamental structural unit of collagen is a 300nm long, 1.5nm diameter

tropocollagen molecule composed of three coiled polypeptide units or a domains.

At

the amino and carboxy terminal of each chain are 16-25 non helical residues known as
globular domains. In the past decade about 20 different collagens have been identified,
plus numerous other non-structural proteins that contain at least one triple helix as a
structural motif. It was proposed that all proteins containing a collagen triple helix
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should be regarded as members of the collagen superfamily (Hulmes 1992). Collagens
type I, II and III are the most abundant types in the interstitial stroma and types IV and
VII are present in basement membranes. Integrins can bind to collagen type I via RGD
sequences (Ruoslahti and Piersbacher 1987) or via other peptides (Toda et al. 1987).
Type IV collagen is the integral collagen of basement membranes and forms a
covalently stabilised polymer network (Yurchenco 1994), it is abundant in the lamina
densa under stratified squamous epithelium (Briggaman et al. 1991, Mihara et al. 1992).
In epidermal basement membranes the molecule is a trimer consisting of [al(IV ) ] 2
a2(IV) chains (Yurchenco and O’Rear 1994).

It is a flexible molecule capable of

interacting with other collagen molecules at the carboxyl and amino terminals and by
lateral associations (Yurchenco and Furthmayer 1984, Yurchenco and Schittney 1990).
Type VII collagen forms the anchoring fibrils that traverse the reticular layer of
the basement membrane and connect the type IV collagen of the basement membrane
to anchoring plaques composed of type IV and VII collagen (Burgeson 1993).
Becker et al. (1986) report that type V collagen is present in the lamina propria,
but not within epithelial or vascular basement membranes, and type VI collagen is more
prominent in the upper parts of connective tissue papillae.

1.2.4.3

Laminins
Laminins are glycoproteins present in basement membranes and are thought to

be important for cell binding and adhesion. They support the attachment of numerous
cell types and form complexes with other extracellular matrix components: type IV
collagen, heparan sulphate proteoglycan, heparan and nidogen. Recently laminins have
been reclassified and numbered and the subunits termed a, B and
1994). Laminin 1 consists of a l, B1 and
and Schittney 1990).

7

7

(Burgeson et al.

I, arranged in a cross shape (Yurchenco

Laminin 2, consisting of «2, B2 and

7

I subunits, was formerly

known as merosin and is present at a low level in the epidermal basement membrane
(Solberg et al. 1992).
Laminin 5 was previously known as kalinin or epiligrin and was first found in
epidermal basement membranes (Verrando et al. 1988, Carter et al. 1991, Rouselle et
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al. 1991). This variant of laminin is composed of «3, 133 and

7 2

subunits.

It exhibits

a complex pattern of bands by SDS-PAGE that reflects post-synthetic proteolytic
processing (Marinokovich et al. 1993, Vailly et al. 1994).
Laminin

6

(K laminin) is also present in the epidermal basement membrane

(Marinokovich et al. 1992). Its distribution coincides with that of laminin 5 and it is
composed of 61 and 7 I probably associated with an «3 subunit. Preliminary evidence
suggests that laminin 5 and

6

are linked as a disulphide bonded complex that binds to

cells via domains in laminin 5 and is connected to type IV collagen in the lamina densa
via nidogen bound to the

7

I subunit of laminin

6

(Marinokovich

et al. 1992,

Marinokovich 1993).

1.2.4.4

Vitronectin
Vitronectin is a glycoprotein found in the circulation and some tissues. It was

first identified as a cell attachment factor ("serum spreading factor") and later named
vitronectin to denote its binding to glass (Hayman et al. 1983). It is identical to the
complement component, "S-protein" (Suzuki et al. 1985, Tomasini and Mosher 1986).
The vitronectin molecule is divided into several domains: the first region of 44
residues is known as the somatomedin B region, as it is identical to the plasma peptide
somatomedin B (Barnes et al. 1984), and it is likely that vitronectin is the precursor
of somatomedin B. The second structural region is a connecting strand which begins
with an RGD motif that has cell attachment activity. The next region contains the
hemopexin repeat domains, and the final region is the heparin binding domain.
Plasma vitronectin is predominantly derived from the liver, but platelets
(Preissner et al. 1989), megakaryocytes (Kanz et al. 1988) and monocytes/macrophages
(Hetland et al. 1989) also contain an immunologically identical protein.

It is

synthesized and processed as a 75-80 kDa single chain polypeptide in hepatocytes
(Barnes and Reing 1985), but a 2-chain form (65kDa and lOkDa) is also found in the
circulation.
2-chain form.

Approximately 50% of vitronectin isolated from pooled plasma is in the
However the exact proportion of single to double chain vitronectin

varies from individual to individual. The protease responsible for the cleavage is not
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known. Vitronectin is present in plasma at concentrations of 200-400/ig/ml, making up
0.2-0.5% of the protein content. Vitronectin has a number of activities that may be
important in haemostasis and thrombosis as well as playing a role in cell adhesion.
Vitronectin has been demonstrated by immunofluorescence studies to be
deposited in loose connective tissue (Hayman et al. 1983), and to be associated with
dermal elastic fibres in skin, in an age-dependent

manner (Dahlback et al. 1986,

Dalback et al. 1989): there is virtually no vitronectin in the skin of 0-10 year olds, but
it increases at puberty and then plateaus in adulthood. Vitronectin is also known to
associate with collagen types I-VI (Gebb et al. 1986).

Vitronectin is absent from

basement membranes, except diseased renal tubular basement membrane (Falk et al.
1987). Hinter et al. (1989) reported the binding of vitronectin to kératinocytes in skin
sections and to keratin filament aggregates after incubation of tissue sections with serum
to isolated vitronectin.

The in vivo relevance of this association is unclear as no

immunochemical co-localization of vitronectin with kératinocytes could be detected in
skin sections incubated with saline alone.
Owing to its multidomain structure with a repertoire of various ligand binding
sites and the possibility of maintaining different conformations, vitronectin appears to
be a versatile adhesive component, allowing for multiple interactions at interfaces or
pericellular sites.

1.2.5 Cell-Extracellular Matrix and Cell-Cell Adhesion in Epithelium
1.2.5.1

Cell-Extracellular Matrix Adhesion
Hemidesmosomes, SACs, focal adhesions and integrins provide a means

whereby epithelial cells can attach to the basement membrane.
Basal kératinocytes adhere to the basement membrane zone through
hemidesmosomes (Staehelin 1974) which are sites for keratin filament insertion at the
basal plasma membrane

(Staehelin 1974, Jones et al. 1989).

adhesion is partly mediated by

Hemidesmosome

(Carter et al. 1990b, Stepp et al. 1990), which

adheres to laminin 1 and 5 in the basement membrane. The cytoplasmic region of the
8 4

integrin subunit interacts with the cytoskeletal element of hemidesmosomes, and is
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reponsible for

assembly into hemidesmosomes

(Spinardi et al. 1993).

Hemidesmosomes are not found in standard keratinocyte cultures, and kératinocytes
adhere to the substrate via multiple types of adherent structures including focal
adhesions (FAs; Burridge et al. 1988). FAs are the closest contacts of the cells with
the extracellular adhesive ligands (Burridge et al. 1988) and they contain integrin
receptors (Hynes 1987, Buck and Horwitz 1987, Carter et al. 1990a, Chen and Singer
1982, Ruoslahti 1988). Structures called stable anchoring contacts (SACs) are found
on the basal surface of cultured kératinocytes which may represent precursors of
hemidesmosomes, since they contain

and 230kD hemidesmosomal plaque protein,

bullous pemphigoid antigen (BPA) (Carter et al. 1990b, Marchisio et al. 1990).
SACs are distinct from FAs but similar to hemidesmosomes in skin: they are
relatively stable to detergent/urea extraction (Carter et al. 1990b), and occur only in
nonmigrating cells. BPA colocalises with a^B^in SACs, but does not colocalise to FAs,
which are associated with the actin cytoskeleton instead of keratin filaments.
Differences in structure, sites and composition of these two adhesion structures suggests
distinct roles.

FAs are thought to act as mediators of cell spreading, attachment and

migration through their association with actin-containing stress fibres and their ligands,
whereas SACs play a role in anchoring of cells (Carter et al. 1990b). Adhesion to
extracellular matrix at FAs is mediated by integrins, which are linked to actin
microfilament bundles by intermediate proteins such as talin, vinculin and a actinin
(Otey et al. 1990, Johnson and Craig 1995). FAs are also areas of signal transduction
see Section 1.1.4.

This complex of stress fibres, integrin and ligand plays a major

role in dynamic processes including adhesion , spreading and migration (Strauss et al.
1989, Bretscher 1989, Zeiske et al. 1989). Integrins, talin, vinculin and focal adhesion
kinase are localised at the basal surface of basal kératinocytes in the epidermis,
suggesting that focal contacts may exist in vivo (Kaiser et al. 1993, Kubler and Watt
1993, Gates et al. 1994).
The ligands of the keratinocyte integrins are listed in Table 1.1

34

Introduction

Table 1.1

Integrin

Ligands of Keratinocyte Integrins

Ligand

Reference

Collagen type I

Wayner et al. 1987

Collagen type IV

Adams and Watt 1991

Laminin 1

Languino et al. 1989

Laminin 1

Carter et al. 1990a

Laminin 5

Carter et al. 1991

Ml

Fibronectin

Adams and Watt 1991

« 0 6 4

Laminin 1

Niessen et al. 1994

Laminin 5

Niessen et al. 1994

Vitronectin

Adams and Watt 1991

Fibronectin

Busk et al. 1992

« 3 6 1

Q fy fiô

1.2.5.2

Cell-Cell Adhesion
Within epithelium the major cell-cell junctions are desmosomes and adherens

junctions . Desmosomes are disc like structures at which the plasma membrane of two
cells attach to each other. The junctions have a very dense cytoplasmic plaque of 1420nm in thickness where keratin filaments insert (Schwarz et al. 1990). The major
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transmembrane components of desmosomes are desmogleins and desmocollins, members
of two subgroups of the cadherin supergene family (Buxton and Magee 1992). In the
plaque these transmembrane proteins are associated, directly or indirectly, with the
plaque proteins plakoglobin and desmoplakin. Adherens junctions anchor bundles of
actin microfilaments and contain cadherins, such as E-cadherin, as their transmembrane
glycoproteins (Hirano et al. 1987, Kaiser et al. 1993).
junctions contain a-, fi- and

7

The plaques of adherens

- catenin (cadherin associated cytoplasmic proteins),

plakoglobin, radixin, vinculin , and a-actinin (Tsukita et al. 1990).
The cadherins found in desmosomes and adherens junctions have distinct
cytoplasmic structures and associate with different plaque proteins (Amagai 1995). Ecadherin is present in all cell layers in the epidermis, whereas P-cadherin is only
expressed in the basal layers (Nose and Takeichi 1986, Shimoyama et al. 1989).
Cadherin adhesion is homophilic and calcium dependent (Takeichi 1991) and appears
to play a role in the regulation of integrin expression during keratinocyte differentiation
(Hodivala and Watt 1994).
Expression of

« 2 8 1

and

« 3 8 1

integrins on the lateral and apical surface of

kératinocytes has lead to the proposal that these integrins may be involved in cell-cell
adhesion (Marchisio et al. 1990, Carter et al. 1990a, Laijava et al. 1990, Symington
et al. 1993).

However, a recent report by Weitzman et al. (1995) states that cell-cell

adhesion mediated by integrins is not a widespread phenomenon and

« 3

expression may

actually cause diminished cell-cell adhesion. Carter et al. (1990a) found that serum or
calcium-induced aggregation of kératinocytes in culture was associated with a relocation
of « 2 ^ 1

« 3 8 1

from focal adhesions to areas of cell-cell contact and suggested that this

may play a role in causing kératinocytes to leave the basement membrane and hence
enter the differentiating zones of the epithelium.

1.3.

Malignant Oral Mucosa

1.3.1 Oral Cancer
The term "oral cancer" includes cancer of the lip ((9* International Classification
of Diseases)ICD9 140), cancer of the tongue (ICD9 141) and cancer of the mouth
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(ICD9 143-145)(Parkin 1993). Although the term oral cancer encompasses all tumours
in the afore mentioned sites, the commonest type of oral cancer is squamous cell
carcinoma of the covering epithelium, accounting for 95% of cases.
World-wide, the incidence of oral cancer varies widely. Generally the highest
rates are found in the developing world where oral cancer and cancer of the pharynx
together are the third commonest cancers. The highest rates are in India and Sri Lanka
where oral cancer is the most common cancer. However, there are isolated pockets of
high incidence in the developed world, for example the Bas-Rhin region in France. In
England and Wales there are over 20(X) cases of oral cancer a year (Office of
Population Censuses and Surveys, 1994).

Increases in mortality from cancer of the

oral cavity and pharynx over the past 20-30 years have also been reported from almost
all EC countries (Johnson 1990) and over 50% die of their disease within 5 years
(OPCS 1994).

The poor prognosis is due to the fact that over 60% of patients

presenting with oral cancer have tumours greater than 2 cm in diameter, and prognosis
is known to be worse for larger lesions (Platz et al. 1986).

Stell and McCormick

(1985) reported an increase in the presentation of late stage disease since 1960. In
addition, more aggressive treatment including combination therapy may locally control
the cancer, yet second primary tumours and deaths from distant métastasés appear to
be increasing (Carr and Langdon 1989).

1.3.2 Characteristics of Malignant Cells
Cancer is a multi-step process which is initiated by carcinogen-induced damage
in certain cells. If undetected by the cells’ DNA repair mechanism, the cell may
develop a selective growth advantage and form a tumour. Statistical analysis of ageincidence curves for human neoplasms have suggested that 6-7 mutation-like events are
needed for the production of carcinomas (Faber 1980). Different stages involve genetic
alterations in both oncogenes and tumour suppressor genes.
Alterations in oncogenes and tumour suppressor genes have been reported in oral
cancer.

In the Western world over expression of erbB-l, ras gene family and the c-

myc oncogene have been reported (Field 1992), and over expression of the c-myc gene
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correlates with a poor prognosis (Field et al. 1989). ras mutations appear to be limited
to oral cancer in India (Saranath et al. 1991).

Low numbers of tumours with

amplification of the epidermal growth factor receptor gene {erbB-\) have been reported
in Western head and neck cancer patients (Somers et al. 1990).

Initial investigations

into p53 expression showed that between 54 and 80% of oral cancers over expressed
this gene (Ogden et al. 1992, Langdon and Partridge, 1992).

In none of the studies

was there a correlation between p53 expression and any of the clinico-pathological data
and Field et al. (1994) found no correlation with survival.

The most important

amplification region in head and neck cancers to date has been shown to be in
chromosome 11 at llq l3 . The llq l3 amplicon region contains mr-2, hst-\ and bcl-\
genes which have been found to be amplified or co-amplified in the range of 25-52%
of cases (Field 1992).
Many proto-oncogenes and oncogenes encode proteins that are strongly suspected
to function in aberrant signal transduction (Hollywood 1991). Overall oncogenes and
tumour suppressor genes interact and feed into common regulatory systems which are
involved in cellular proliferation and /or differentiation.

These change the structure

and behaviour of the tissue and eventually become evident clinically and
microscopically. Neoplastic transformation results from the loss of normal controls
over the growth and differentiation of cells (Weinberg 1991).

Within tumours, cells

escape from the normal proliferation controlling influences and give rise to a population
of cells which are in a sense immortal. The phenomenon of contact inhibition is lost
in tumour cells.
Differentiation is impaired and may lead to the acquisition of characteristics
quite foreign to the mature differentiated cell, and an inverse relation between growth
of the tumour and morphological differentiation exists in many human cancers (Harris
1987). However, different cells within a tumour mass can differentiate to varying
degrees. Although many neoplasms have a unicellular origin, by the time of diagnosis
the lesions present an almost endless spectrum of heterogenous properties (Killion and
Fidler 1989).

It follows therefore that individual cells will express the malignant

phenotype to different degrees.

Autonomy from normal growth control mechanisms
38

Introduction

and production of diversity (heterogeneity) gives neoplasms growth advantages in host
organs.
Cells within malignant neoplasms have an altered relationship with their
surrounding stroma to the extent that normal tissue barriers are ineffective and cells
invade adjacent tissues and metastasize. In malignant cells the cytoskeleton is altered
and attachment to membrane proteins is defective. This causes changes in cell shape,
architecture, spreading and adhesiveness. The phenomenon of anchorage-independence
exhibited by malignant cells is thought to be due to altered cell-cell communication and
adhesion. This enables malignant cells to break away from the main tumour mass and
metastasize to distant sites.

1.3.3 Characteristics of Malignant Tumours: Invasion and Metastasis
As mammalian organisms are composed of a number of tissue compartments
separated by extracellular matrices, any cell undergoing invasion or metastasis must
cross these barriers. To accomplish this a cell must couple local proteolysis (Liotta et
al. 1991) with coordinated and temporally limited attachment and detachment (Damsky
and Werb, 1992). At the biochemical level the mechanism of invasion used by tumour
cells, may parallel, or be similar to, that used by nonmalignant cells, which traverse
tissue boundaries unde normal physiological conditions (Liotta et al. 1991).
In the case of carcinomas the malignant kératinocytes must be able to penetrate
through the underlying basement membrane and move through the connective tissue
stroma. In order for blood borne métastasés to occur the cells must migrate across the
blood-vessel wall and cross the basement membrane surrounding the vessel during entry
and exit from the vessel.

1.3.4 Changes in the Extracellular Matrix in Malignancy
1.3.4.1

Basement Membrane Changes
General and widespread changes occur in the distribution and quantity of the

epithelial basement membrane during the transition from benign epithelium to
undifferentiated invasive carcinomas (Barsky et al. 1983, Kannan et al. 1994). Normal
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epithelial tissues require a basement membrane for attachment and growth (Wicha et al.
1979) whereas invasive tumour cells may not.

Defective basement membrane

organisation and loss in malignant tumours may be due to decreased synthesis or to the
abnormal assembly of secreted components.

Alternatively the loss may be due to

increased breakdown.

1.3.4.2

Interstitial Stromal Changes
Deposition of laminin, collagen type I and IV

and heparan sulphate are

perturbed in malignant cells (Ruoslahti and Pierschbacher 1987) and fibronectin is
absent from the matrix of many tumourigenic cell lines (Ruoslahti 1988).

Some

transformed cells in culture produce functionally normal fibronectin but the transformed
cells fail to assemble a fibronectin rich matrix (Ruoslahti 1988). No correlation has
been found as yet between the amount of collagen (Wobbes 1988) or fibronectin in the
stroma (Forster et al. 1988) and the degree of tumour malignancy.

1.3.4.3

Morphology of Squamous Cell Carcinomas
From a morphological point of view malignant cells and the structures they tend

to form, show evidence of increased cellular turnover and incomplete differentiation.
This is expressed by an increased number of mitoses, many of which show abnormal
mitotic figures.

The cells show hyperchromatism and an alteration in nuclear to

cytoplasmic ratio (Kannan et al. 1994). The cells tend to be more varied in size and
shape and have prominent nucleoli. Within epithelium the basal cells lose their normal
orientation, are pleomorphic and enlarged (Kannan et al. 1994). They have poorly
formed hemidesmosomes (Kannan et al. 1994).

There is irregular epithelial

stratification, disturbed maturation with abnormal kératinisation, and loss or reduction
of intercellular adhesion, with poorly formed desmosomes (Luzardo and Castejon 1969,
Kannan et al. 1994).
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1.4

Integrin Expression and Function in Skin and Normal Oral Mucosa

1.4.1 Integrin Expression in Epidermis
« 1

is not present in epidermal kératinocytes (Zambruno et al. 1991, Klein et al.

1990). However, «i is present in the outer root sheath of hair follicles (Stamp and
Pignatelli 1991).

In contrast to previous reports Hertle et al. (1991) described faint

expression of «i in neonatal epidermis.
« 2

is strongly expressed pericellularly on basal kératinocytes in skin (Klein et al.

1990, Zutter and Santoro 1990, Zambruno et al. 1991, Watt and Jones 1993).
Zambruno et al. (1991) noted that

« 2

expression was stronger along the apical and

lateral cell margins than the basal and that some suprabasal expression was present.
Laijava (1991) using confocal laser scanning demonstrated

expression in an intense

dot like manner between basal cells with little expression along the basal surface of
basal kératinocytes. Zutter and Santoro (1990) remarked on the high levels of CK2 B1 in
proliferating epithelium and this may suggest that CK2 B1 plays a role in orderly regulated
cell proliferation. In culture conditions that allow stratification of human kératinocytes,
(X2 R1 polarized to the lateral domains of the plasma membrane both in growing colonies
and reconstituted epithelium (Marchisio et al. 1991).
« 3 , like

« 2

is expressed pericellularly in basal kératinocytes (Watt and Jones

1993). Zambruno et al. (1991) also noted similar
reported stronger

« 3 6 1

expression suprabasally.

« 3 8 1

and

012^^1

Both ot2 ^^ and

expression in skin but
« 3 6 1

are components of

focal adhesions in kératinocytes (Carter et al. 1990a).
« 4

is not expressed in epidermal kératinocytes (Staquet et al. 1990, Peltonen et

al. 1989, Klein et al. 1990).
« 5

shows faint pericellular expression on basal kératinocytes in neonatal

epidermis (Hertle et al. 1991).
expression of

« 5

in kératinocytes.

Different workers have reported differences in
Peltonen et al. (1989) detected

« 3 8 1

in the hair

follicles of foetal skin but not in adult or neonatal epidermis. Laijava et al. (1991)
however reported

« 5 8 1

found no expression of
« 6

in association with hair follicles whereas Klein et al. (1990)
« 5 8 1

on kératinocytes.

is expressed at the basal pole of basal kératinocytes after stratification (Hertle
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et al. 1991). A strong continuous line of

was demonstrated along the basement

membrane zone (Zambruno et al. 1991). It was also noted that hair follicles in
sebaceous and sweat glands expressed

but that expression on the lateral cell surfaces

was less than at the basement membrane zones.
«V is expressed pericellularly but it is weaker and more diffuse than other
integrins in skin (Hertle et al. 1991).
Bi is expressed in a similar manner to those oc subunits that it partners.
B4 is present as a continuous line at the basal aspect of the basal cells (Kaiji et
al. 1989, DeLuca et al. 1990).
The expression of the oiy integrins and

is discussed in more detail in

Sections 3.1 and 5.1.

1.4.2 Integrin Expression in Oral Epithelium
The overall pattern of Bi integrin expression in the oral mucosa is similar to that
in skin. There is strong « 3 » « 3 » « 6 »
expression of «y and

« 5

and B4 expression and weaker and more variable

, but there is no expression of

« 4

or a, (Jones et al. 1993).

Within non-keratinised buccal mucosa, the subunits are strongly expressed in the basal
and immediately suprabasal layers with weaker and patchy expression extending into the
prickle cell layers (Jones et al. 1993, Jones et al. 1995a). Occasional
seen in the superficial layers,

and

8 4

« 3

expression is

are expressed in a linear pattern at the

basement membrane zone, whereas « 3 , « 3 and 15i are expressed in a pericellular manner,
tty is expressed in a pericellular manner in the basal layer with occassional expression
in the suprabasal layers (Jones et al. 1993, Jones et al. 1995a).

Laijava (1991) also

reported strong pericellular expression of « 3 , « 3 , and Bj in the basal layer of keratinised
oral epithelium with occasional weaker expression in the lower prickle layer.
The pattern of integrin expression at other sites in the mouth, such as hard
palate, floor of mouth and the lateral border of the tongue was examined by Jones et
al. (1993) and was essentially similar to that seen in buccal mucosa.

However,

expression of « 3 , %, and Bj extended through more layers in the floor of the mouth.
« 5

was not expressed in any of the specimens.
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strong linear staining of

and H4 along the basement membrane zone (Hormia et al.

1990).

1.4.3 Integrin Expression in Cultured Kératinocytes
Epidermal kératinocytes express « 2 ^ 1 » « 3 ^ 1 »« 5 ^ 1 » « 6 ^ 4 and ayB^and occasionally
(Adams and Watt 1991).

«vUg is also present in culture (D. Sheppard-personnal

communication).

1.4.4 Integrin Functions in Kératinocytes
1.4.4.1

Adhesion
Integrins play a role as adhesion molecules as discussed in Section 1.2.5

1.4.4.2

Stratification
When basal kératinocytes become committed to terminal differentiation there is

a marked reduction in their ability to adhere to extracellular matrix proteins and this
ensures their selective migration from the basal layer into the suprabasal layers (Stanley
et al. 1980, Watt 1984). Integrin-mediated interactions with the extracellular matrix
have a role in linking the initiation of terminal differentiation and migration out of the
basal layer (Adams and Watt 1989). The loss of adhesiveness precedes the loss of
integrins from the cell surface (Adams and Watt 1990), in particular adhesiveness to
fibronectin, laminin and types I and IV collagen is lost (Adams and Watt 1990) as cells
differentiate. The loss of integrins on the surface of cells that have left the basal layer
reflects both transcriptional and post-translational regulation of integrin expression
during terminal differentiation. The decrease is reflected in mRNA levels, as shown
by Northern blotting of cultured kératinocytes (Nicholson and Watt 1991).

1.4.4.3

Commitment toTerminal Differentiation
When kératinocytes are plated on an adhesive substrate that restricts spreading,

terminal differentiation is stimulated (Watt et al. 1988) and loss of contact with the
extracellular matrix may be the primary differentiation stimulus in suspension (Adams
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and Watt 1989).

Inclusion of fibronectin or antibodies to the

subunit in methyl

cellulose at the time of plating out cells inhibits suspension-induced terminal
differentiation (Adams and Watt 1989, Watt et al. 1993). Laminin and type IV collagen
also participate in the inhibition of terminal differentiation, as can a cocktail of function
blocking antibodies to the « 2 ,

« 3

and

« 5

subunits (Watt et al. 1993). Thus terminal

differentiation may be regulated by the total proportion of Bi heterodimers occupied by
ligand, with a decrease acting as a stimulus for differentiation.

1.4.4.4

Stem Cells
It is possible to identify stem cells within the epidermis on the basis of their B^

integrin expression and their rapid adhesion to fibronectin,

type IV collagen or

keratinocyte extracellular matrix proteins (Jones and Watt 1993). Transit amplifying
cells adhere more slowly to the matrix proteins and express lower levels of Bj integrins.
These cells divide 1-5 times and then initiate involucrin expression. One implication
of these results is that if a reduction in the number of Bj integrins with bound ligand is
a stimulus for terminal differentiation (Adams and Watt 1989), transit cells will be more
sensitive to that stimulus than stem cells because they have fewer surface integrins.

1.5

Integrins in Malignant Epithelium
As well as changes occuring in extracellular matrices in malignancy, the ability

of malignant cells to interact with the matrices is altered.

Changes in integrin

expression on the surface of malignant cells could provide a mechanism for the altered
adhesion. Studies have shown alterations in the expression of integrins on malignant
cells both in vivo and in vitro, but there have been few reports of the expression and
functions of integrins in oral squamous cell carcinomas.

1.5.1 In Vivo
Immunocytochemical studies using monoclonal antibodies against various
integrins in human tumours have revealed changes in integrin expression in malignant
epithelium.
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Invasive breast carcinomas show decreased expression of integrin subunits
(Zutter et al. 1990, Pignatelli et al. 1991, Jones et al. 1992). In particular there is
either a redistribution or loss of

and

6 4

which corresponds to a lack of detection of

basement membrane laminin and collagen type IV (D’Ardenne et al. 1991, Natali et al.
1992).

Peltonen et al. (1989) looked at basal cell carcinomas and squamous cell

carcinomas of the skin, integrin expression in the squamous cell carcinomas was patchy
and discontinuous. In one out of five squamous cell carcinomas examined no evidence
of integrin expression was found. In oral squamous cell carcinomas there is variable
expression of integrin subunits, but the overall trend is for a loss of integrin subunits
which is more extensive in poorly differentiated tumours. Kosmehl et al. (1995) report
loss of « 2 ^ 1 and

« 6

in oral squamous cell carcinomas, with loss being greatest in the

most poorly differentiated specimens. Loss of

and

8 4

at the basement membrane

zone is also greatest in poorly differentiated tumours (Jones et al. 1993), and this loss
corresponds to loss of basement membrane components (Downer et al. 1993).
Other epithelial malignancies, including carcinomas of the lung (Damjanovich
1992), and colon (Koretz 1991), have shown similar features.

Each tumour type

displayed a great deal of heterogeneity in integrin expression but there was a general
down-regulation of some integrin subunits (especially the collagen/laminin receptor
binding subunits « 2 , « 3 , and a^) in the more poorly differentiated carcinomas. In many
of these studies, a relationship between the integrins appeared to exist; those tumours
that were most invasive and lacked intact basement membranes tended not to express
basement-membrane protein binding integrins, such as « 0 8 4 . Those cancer cells at the
periphery of tumour nodules or within well differentiated islands tended to more closely
resemble normal epithelial cells.
In contast to these reports, Carey et al. (1987) and Wolf et al. (1990) report a
correlation between increased staining with the A9 antibody which recognises

8 4

and

poor prognosis and decreased disease-free interval of head and neck squamous cell
carcinomas. Carey et al. (1987) also reported that the percentage of patients whose
tumours showed strong A9 expression increased with increasing T and N class of
tumour and increasing tumour stage.

However,
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associated with a low nuclear grade (Carey et al. 1987, Wolf et al. 1990) usually
associated with tumours that are well differentiated, and increased A9 expression was
associated with increased differentiation (Wolf et al. 1990). Increased expression of
was also reported in well differentiated oral squamous cell carcinomas, but in more
poorly differentiated tumours there was a decrease in

(Kosmehl et al. 1995). Van

Waes et al. (1995) report increased suprabasilar expression of

in squamous cell

carcinomas which is related to the extent of proliferation of the cells, and this increase
appears to a varying extent with the step of immortalisation and is therefore, not
sufficient for malignant transformation. The differences in these findings from those
reported by other workers may simply be due to the way in which the staining was
quantified, tumour nodules were examined in their entirety and a generalisation of the
overall staining within the nodules made. In contrast, other workers have concentrated
on the expression of the

8 4

integrin at the basement membrane, and its polarity within

the basal cells (Jones et al. 1993, Downer et al. 1993). In cases where the overall
expression of

8 4

is increased within tumour nodules it is still possible to have loss of

expression and polarity of

8 4

at the basement membrane zone.

In summary, the pattern of integrin expression on tumour cells in situ, like that
in cultured cells, appears to be complex and dependent on tumour cell type. Epithelial
malignancies show variable alterations in their integrin expression although, in general,
they tend to express fewer integrins than normal epithelium.

This down-regulation

appears to be associated with loss of normal contact with the basement membrane.
This variablity of integrin expression in malignancies is not always present, since
in malignant melanomas there is a more consistent pattern of upregulation of the

8 3

subunit, a partner of «v (Albelda et al. 1990, McGregor et al. 1989).

1.5.2 In Vitro
Just as it is possible to culture normal kératinocytes and use the cultures as
models of the in vivo situation, so it is possible to culture malignant cell lines and in
particular cell lines derived from carcinomas. These cultures provide valuable insights
into the characteristics and behaviour of malignant cells, and enable investigations on
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malignant cells to be carried out. Numerous reports of the role of integrins in these
cultured cell lines have been published.
Down regulation of certain integrins has been related to the malignant phenotype
in some cell lines.

A decrease in the number of 6 i integrin receptors has been

described on the surface of transformed cells (Plantefaber and Hynes 1989).
particular, transformed cells show significant decreases in the
compared with normal cells, and changes in level of

« 5

« 5

fibronectin receptor

was closely linked to the

transformed phenotype and decreased adhesion. In contrast the level of the
affinity fibronectin receptor remained unchanged.

In

« 3

low

Also noted was defective synthesis

of two a subunits a A and aE (Plantefaber and Hynes 1989). Overexpression of

« 5 8 1

in transformed CHO (Chinese hamster ovary) cells led to reduced tumorigenesis after
injection in nude mice (Gianocotti and Ruoslahti 1990). However decrease of « 5 is not
a consistent finding in all oncogenically transformed cells. Some colorectal tumour cells
in culture become unresponsive to the differentiating signals of collagen and acquire an
uncontrolled pattern of growth, due in part to loss of function of a cell surface collagen
receptor (Del Bruno and Pignatelli 1990) which is an integrin. Sugiyama et al. (1993),
examined seven cell lines derived from squamous cell carcinomas of the oral cavity for
integrin expression, all showed a reduction in surface levels of at least one integrin
subunit.

In particular one showed total loss of the «y subunit and two others showed

greatly reduced expression of the

8 4

subunit.

In some malignant cell lines increases in integrin expression have been reported.
Chan et al. (1991) reported that transfection of the
properties on rhabdomyosarcoma cells.

« 2

subunit confers metastatic

The transfectants had no change in growth

rate, but did have greater adhesiveness to laminin and collagen, suggesting that it was
the change in adhesiveness that lead to increased metastasis. Chemical transformation
of cells is also associated with an altered pattern of integrin expression,
increased along with a five-fold increase in the

« 2

and

collagen receptor when non-

tumorigenic human osteogenic cells were chemically transformed to highly tumorigenic
cells (Dedhar and Saulnier 1990). The 8 j subunit expressed in the transformed cells
was larger than its counterpart in normal cells. Kimmel and Carey (1986) report that
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in more than 90% of squamous cell carcinoma cell lines the restriction of B4 to the basal
surface is lost and that virtually all cells of squamous cell carcinoma cultures are
expressors of B4 . Furthermore, they report that the expression of B4 increases with
tumour progression.
The picture of integrin expression in cell lines is not always clear. In bronchial
epithelial cells there is strong expression of the « 2 » « 3 » « 6 » zmd «y subunits, with very
little « 1 , « 5 , and B3 subunit expression. However, lung derived epithelial tumour cell
lines showed heterogenous integrin expression, with some tumour lines showing
expression of additional types of integrins when compared with normal bronchial
epithelial cells and some tumour lines showing expression of fewer types of integrins.
(Mette et al. 1993).
In melanoma cell lines o^yBg has been associated with malignant behaviour, for
example, «yilj has been shown to play a role in melanoma cell invasion (Seftor et al.
1992) and antibodies to Bg have been shown to inhibit the growth of human melanoma
cells in nude mice (Boukerche et al, 1989).

RGD peptides which block cxyB^ inhibit

both melanoma tumour invasion in vitro and the development of experimental métastasés
in a murine melanoma model system (Gehlsen et al. 1988, Humphries et al. 1986,
Humphries et al. 1988). cxyBg has also been shown to be important in the metastasis of
melanomas to lymph nodes (Nip et al. 1994, Nip and Brodt 1995)).

«y is necessary

for melanoma cell tumorigenicity in nude mice (Felding-Haberman et al. 1992).

1.6

Summary and Aims
Integrins play an important role in the behaviour of kératinocytes, since they

mediate adhesion to extracellular matrix proteins and regulate the initiation of terminal
differentiation. It is also possible to distinguish stem cells from kératinocytes of lower
proliferative potential on the basis of higher surface integrin levels, suggesting a link
between integrin expression and proliferation (Jones and Watt 1993, Jones et al. 1995b).
Integrin expression is altered in keratinocyte tumours, with some basal
kératinocytes expressing high levels of integrins and some failing to express certain
integrins (Peltonen et al. 1989, Wolf et al. 1990, Downer et al. 1993, Jones et al.
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1993). Focal or extensive loss of integrins is a feature of poorly differentiated oral
squamous cell carcinomas and it has been suggested that integrin loss may have a
prognostic significance in this type of tumour. The role of a^^ has been extensively
studied in malignant melanomas, providing evidence for the role of a single integrin
subunit in malignant behaviour of cells.
I have previously investigated the expression of integrins in normal oral mucosa
and in oral squamous cell carcinomas (Jones et al. 1993, Jones et al. 1995a), but little
is known about the role of individual integrin receptors in the behaviour of malignant
oral kératinocytes. Cell lines derived from squamous cell carcinomas provide a useful
experimental model with which to investigate the link between integrin loss and cell
behaviour. Sugiyama et al. (1993) investigated the capacity for terminal differentiation
and integrin expression in a panel of oral squamous cell carcinoma cell lines, and found
that those cell lines with the lowest capacity for terminal differentiation had the lowest
levels of the

and

subunits or were completely lacking the ay subunit. The two

cell lines that are deficient in the ay or

6 4

subunits (Sugiyama et al. 1993) provide the

ideal vehicle to study the role of individual integrin subunits in the behaviour of
kératinocytes.

1.6.1

Aims
The aims of this study were to:
Transfect the "missing" integrin subunits into the squamous cell carcinoma lines

and create stable expression of fuctional integrin receptors.
Determine whether transfection of a single integrin subunit altered the expression
of other integrin subunits by the cells.
Investigate the role of the ay and B4 subunits on cell behaviour following
transfection of the "missing" subunits into the cell lines, in particular to determine
whether expression of these subunits had an effect on: growth, both on a solid surface
and in suspension, capacity for terminal differentiation, cell motility
formation in nude mice

( B 4 ),

and tumour

(ay).

Investigate the expression of the ay integrins in oral mucosa by staining frozen
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sections of normal oral mucosa and a panel of oral squamous cell carcinomas with antiintegrin antibodies.
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Chapter 2

MATERIALS AND METHODS
2.1

Cell Culture
All cells were grown in a humidified incubator at 37®C in 5 %C0 2 - Media and

solutions used are listed in Appendix 1.1.

2.1.1 Routine Cell Culture
The cells that were used were human kératinocytes. Normal kératinocytes were
from neonatal foreskins and adult buccal mucosa and the origins of the squamous cell
carcinoma cell lines are listed in Table 2.1.

2.1.1.1

Normal Keratinocyte Subculture
Normal kératinocytes from human foreskins and normal oral kératinocytes from

buccal mucosa were cultured and passaged as described by Watt (1994). (Briefly,
primary cultures were produced by chopping epidermis into fine pieces and treating
them with trypsin to produce a suspension of kératinocytes, which were then plated
onto feeder cells prepared as described in Section 2.1.1.2).

Subconfluent or just

confluent cultures were washed in 5ml of versene and then incubated with 5ml of
versene for 5 minutes to remove any remaining feeder cells. The versene with the
feeder cells was then discarded and a 1 + 4 trypsin + versene mixture added to the
kératinocytes for about 5-10 minutes at 37°C. Once the cells had lost their attachment
to the flask they were transferred to centrifuge tube with 10ml of FAD -I- PCS -I- HICE
and spun at l(XX)rpm for 5 minutes.

After discarding the supernatant the cells were

resuspended in FAD -I- PCS -f- HICE and then seeded onto a mitomycin C-treated J2
feeder layer (see below) at 2 x 10^ cells per 75cm^ flask, 5 x 10^ - 1 x 10^ cells per
25cm^ flask. Cultures were fed three times a week with fresh FAD + PCS 4- HICE.
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Small colonies generally appeared within 3-4 days and the flasks were confluent in 8-10
days.
The foreskin keratinocyte strains kb, kk and kq were used in these experiments
up to passage

6

2.1.1.2

and oral keratinocyte strains 6062 and 796 were used up to passage 6 .

Preparation of 3T3 Feeder Cells
Clone J2 of 3T3 Swiss mouse embryo fibroblasts are a clone selected for their

ability to support keratinocyte growth. J2s were routinely cultured to act as stocks of
feeder layers for keratinocyte culture (Watt 1994). J2s were cultured in E4 4- 10%
DCS and subcultured at 1:10 every 5-6 days. Confluent J2s were mitotically inactivated
by adding 4/xg/ml mitomycin C to the culture medium and incubating at 37®C for 2
hours. The cells were washed in versene, trypsinised, spun down at lOOOrpm for 5
minutes, resuspended in FAD + FCS 4- HICE and then seeded at 1:3 in 25cm^ tissue
culture flasks.

Cells were then incubated at 37°C for 2-24 hours prior to seeding

kératinocytes.

2.1.1.3

Culture of Malignant Keratinocyte Cell Lines
Oral squamous cell carcinoma (SCC) cell lines H357 and H376 (Prime et al.

1990) were the kind gift of Professor S.S. Prime.

These cell lines are feeder

independent and were cultured in FAD 4- FCS 4- HICE medium. The method of
subculture was the same as for normal kératinocytes but it was not necessary to remove
feeder cells before trypsinisation, and the malignant kératinocytes were plated directly
onto the tissue culture flasks at the same density used for normal kératinocytes.
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Table 2.1

Characteristics of Malignant Cell Lines
(Data from Prime et al. 1990)

Cell Line

Site'

Pathology ^

Tumorigenic in Nude Mice

H357

Tongue

WD /I

Yes

H376

FOM

WD/III

No

^FOM: Floor of mouth
^WD: Well differentiated
Roman Numerals refer to tumour stage:
I:Tumour <2cm in its greatest dimension, no regional lymph node involvement, no
métastasés.
Ill [Tumour <4cm, with regional lymph node involvement, no distant métastasés.

2.1.1.4

Freezing Down Cell Stocks
After trypsinisation and washing in complete medium cells were resuspended at

10^ per ml in 1:10 DMSO:FCS in a Nunc cryotube in an insulated container and placed
at -70°C for 24 hours.

After this time the vials were transferred to liquid nitrogen for

storage.

2.1.1.5

Thawing Cell Stocks
Vials of frozen stocks were thawed individually at 37®C to avoid the risk of

cross-contaminating cell types and strains. As soon as the vial contents were thawed
they were gently resuspended in complete medium (E4 + 10% DCS for J2s and
standard FAD 4- FCS 4- HICE for kératinocytes) and spun down at KXXlrpm for 5
minutes. The supernatant was aspirated off and the remaining cells were resuspended
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in fresh medium, counted and plated out.

2.1.2 Transfection of Integrin Subunits into the Cell Lines
H357 is deficient in the «y integrin subunit and H376 has a low level of
expression of the B4 integrin subunit (Sugiyama et al. 1993). As such these cell lines
provide a model to study the effect of integrin subunits on cell behaviour.
The H357 cell line was transfected with human integrin «y cDNA (Loftus et al.
1990) and the H376 cell line with human integrin

cDNA (Giancotti et al. 1992).

A full length «y cDNA, kindly provided by J. Loftus, Scripps Research Institute,
was subcloned in to pRc/CMV (Invitrogen Corp.) by John Marshall (ICRF). «y was
expressed under the control of the CMV promoter; the plasmid also contained a
neomycin resistance-gene as a selectable marker. The B4 cDNA was kindly provided
by F. Gianocotti, Kaplan Cancer Center. 20^g plasmid DNA, purified using caesium
chloride, was transfected into 2.5 x 10^ cells in a 100mm dish using cadcium phosphate
by Masaru Sugiyama (ICRF) as described below.

Cells were seeded into 100mm

dishes, fed with FAD + FCS + HICE and left to become confluent for 1 day. 20pg
of DNA was used per transfection; the volume of DNA was made up to 160/xl with
1/10 TE pH 7.6 (Appendix 1.2), mixed well and incubated at 38°C for 5 minutes.
160/xl of pre-warmed CaClz (Appendix 1.2) was added to the DNA, mixed well and
then incubated for 10 minutes at 38°C. 320^1 of pre-warmed 2X HBS (Appendix 1.2)
was added drop-wise while gently vortexing the mixture.

The mixture was then

vortexed to ensure good mixing, incubated in a 38°C water bath for 15 minutes, and
added to the cells.

The following day the cells were washed in 5ml TBS (Appendix

1.2) for 10 minutes at room temperature. The washing procedure was repeated twice,
and then the medium was replaced in the culture dishes.
trypsin 24 hours later, plated into

6

The cells were split with

well culture dishes and left to grow for 2-3 days.

Individual clones of cells that were grown in cloning rings were transferred into 24 well
plates and grown to confluence. Control clones were created by the transfection of the
neomycin resistance gene only (ie pRc/CMV).

Cells were grown in FAD -f FCS +

HICE that was supplemented with 2mg/ml geneticin G418 (Geneticin: Gibco) for H357
cells and 1mg/ml G418 for the H376 cells and individual clones were expanded for
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FACS selection.

2.1.3 Growth and Selection of the ay and O4 Positive Clones
On reaching confluence in the 24 well plates individual clones were passaged as
described in Section 2.1.1.1 and transferred to 6 well plates (Falcon). When confluent
the cells were split by trypsin/versene treatment and prepared for FACS scanning as
described in Section 2.2.1. 75% of the confluent cells were prepared for scanning
while the remaining 25% were subcultured. Positive clones were further passaged and
then sorted under sterile conditions as described in Section 2.2.2.
of the integrin subunits was achieved after 4 sterile sorts.

Stable expression

Cells were grown in FAD

+ FCS + HICE medium supplemented with 0418 as described above. Expression of
«V and

2.2

8 4

was checked by flow cytometry about every four weeks.

Flow Cytometry

2.2.1 Fluorescence Activated Cell Scanning
Subconfluent cells were washed in versene, harvested with a 1 + 4 trypsin +
versene mixture and collected by centrifugation in the presence of FAD + FCS +
HICE medium. The cells were then washed once in PBS ABC containing 10% FCS,
incubated with primary antibody on ice for 45 minutes, then washed twice in PBSABC
with 10% FCS (4°C). FITC-conjugated secondary antibody (Appendix 2) was applied
for 30 minutes to the cells on ice.

The cells were then washed in PBS ABC and

resuspended in 0.5ml PBS ABC with 10% FCS (4°C). Control samples were labelled
with secondary antibodies alone. Labelled cells were sorted on a FACScan cytometer
(Beckton-Dickinson), aquiring 5,000 events with the same settings for every experiment.

2.2.2 Fluorescence Activated Cell Sorting (FACS)
All solutions used for sorting were sterile and all antibodies were filter-sterilised
before use. The same method was used as for scanning, but the cells were sorted on
a Beckton FACS Star Plus machine. Positive cells were collected into tubes half filled
with medium and these were kept at 4°C until ready to be plated out.
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2.3

Growth Assays

2.3.1 Growth Rate on Tissue Culture Plastic
1 X 10^ cells were seeded into 35mm dishes and grown as described in Section
2.1. Every three days cells were removed from three sample dishes by rinsing with
versene followed by incubating with 1ml of 1 + 4 trypsin 4- versene mixture.

When

the cells had lost their attachment to the dishes they were transferred into counting vials
with 7ml of Isoton (Coulter Euro Diagnostics GMBH). The dishes were then rinsed
with 2ml of Isoton which was added to the cell/isoton suspension in the counting vials.
The cells were counted on a Coulter Counter (Coulter Electronics Ltd.) each reading
supplied by the machine gave the number of cells present in 500^1 of the suspension,
enabling the total number of cells per dish to be calculated. Readings were taken every
three days until day 18, and the experiment was repeated three times for each
clone.

2.3.2 Growth in Suspension
35mm dishes were coated with 1ml of 0.3% agar (SeaKem,FMC Bioproducts)
in FAD + FCS + HICE medium. 5 x 10^ cells were suspended in 0.5ml of 0.3% agar
in FAD + FCS + HICE and plated onto the layer of soft agar in the dishes. The cells
were fed twice weekly with 1ml of FAD + FCS + HICE containing the appropriate
concentration of 0418.

After

6

weeks the dishes were stained with 1mg/ml nitroblue

tétrazolium dye (Sigma Chemical Co.) diluted in FAD + HICE + FCS, and filter
sterilized. Colonies greater than 140/xm were counted in each of 3 random 0.8cm^ areas
of the dishes using a Leitz microscope and the sizes of the colonies were recorded.

2.3.3 Growth on Cellagen Inserts
Cells were grown on plastic 13mm culture dish inserts, holding a collagencoated membrane (ICN), as shown in Figure 2.1. 1 x 1(1* cells were plated onto the
insert in 35mm wells and the FAD + FCS + HICE medium added. Cultures were fed
every

three days and were generally confluent after 7-10 days.

At this stage the

kératinocytes were "raised” to the air /liquid interface by only adding media to the
undersurface of the insert, leaving the surface of the kératinocytes exposed to the
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atmosphere.

Cultures were maintained like this for 10-14 days with a change of

medium every 3 days. The inserts were rinsed in PBS, peeled back from the plastic
support and mounted in OCT (Tissue-Tek) on cork discs and frozen in isopentane
cooled in liquid nitrogen. Specimens were stored at -70^C until use.

Figure 2.1 Growth of Cells on Cellagen Inserts

Cells
Cellagen Membrane
M edium __________
Support ----------------

2.3.4 Growth of Cells on De-epidermised Dermis (DED)
The method for growing epithelial cells on DEDs is based on the Prunieras model
(1979).

Human breast skin was cut into 10cm pieces and the subcutaneous fat was

scraped off. The skin was heated in PBS to 56°C for 20 minutes, and the epidermis
was peeled off. The remaining dermis was cut into 1cm square pieces, placed into
Nunc cryovials and snap frozen in liquid nitrogen.

The tubes were allowed to thaw

at room temperature for 20 minutes and then frozen again in liquid nitrogen. This cycle
of freezing and thawing was repeated 10 times, after which time the tubes were stored
at -70°C until use.

The DEDs used in these experiments were kindly prepared by

Jean-Pierre Molès.
When needed the tubes were thawed and the dermis placed on metal grids with
the denuded

epithelial

surface uppermost.

1 x 10^ cells were prepared by

trypsin/versene treatment, washed in FAD -I- FCS + HICE medium and spun down.
The supernatant was removed and 1 x 10^ cells were suspended in 20/xl FAD -I- FCS

ÿj
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4- HICE

and then plated onto the denuded epithelial surface of the DEDs,

and

cultured as shown in Figure 2.2. Cultures were fed every 2-3 days with FAD 4- FCS
4- HICE with the appropriate concentration of G418. After 1 and 2 weeks the cultures
were mounted in OCT (Tissue-Tek), frozen in isopentane cooled in liquid nitrogen, and
stored at -70®C until use.

Figure 2.2 Growth of Cells on De-epidermised Dermis

Dermis

M edia
Support

2.4

Protein Analyses

2.4.1 Preparation of Cell Lysates
2.4.1.1

Protein Extraction From Kératinocytes For Western Blotting of
Involucrin
Confluent

normal kératinocytes were washed with versene to remove any

adherent J2 feeder cells.

SCC cells and normal kératinocytes were rinsed with

PBS/EDTA lysis buffer (Appendix 1.3).

1ml of PBS/EDTA lysis buffer was added

to each 25cm^ flask and the kératinocytes were scraped into an Eppendorf tube. The
cells were then sonicated for 60 seconds and microfuged for 10 minutes at 4°C at
14,000g. lOOjul of the supernatant was reserved for determination of protein content,
to the remainder an equal volume of sample buffer (Appendix 1.3) with 13mercaptoethanol added when required. Samples were stored at -70°C until use.
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2.4.4.2

Extraction of Labelled Protein From Kératinocytes
Normal kératinocytes were versene treated to remove the feeder cell layer.

Normal kératinocytes and SCC cells were then labelled by replacing the medium with
2.5ml of medium per 25cm^ flask containing 50^Ci/ml of ^^S-cysteine and methionine
(Amersham) (TranS^^-labelj

specific activity 1180 Ci/mmol). The cells were left

overnight at 37°C in a Perspex box lined with a piece of tissue paper, and containing
a petri dish of activated charcoal to absorb any volatile

The radioactive label was

removed the following day and the cells were washed with ice cold PBS three times.
0.6ml of immunoprécipitation lysis buffer (Appendix 1.3) was added to each flask and
incubated on ice for

2 0

minutes, after which time the cells were removed from the

flasks by scraping. The lysate was spun at 14,000 rpm at 4°C for 5 minutes and the
pellet discarded.

2.4.2 Quantification of Protein Content of Cell Lysates
2.4.2.1

Bradford Assay for Protein Content
This assay uses the colour conversion of a substrate dependent on protein

concentration to quantitate protein content (Bradford 1976).

Protein standard 1 (Bio-

Rad) was diluted to make standards with protein concentrations of 0, 0.3, 0.9, 1.2 and
1.5jug/^l of lysis buffer (PBS/BDTA)(Appendix 1.3). Sample protein was diluted 1:2,
1:5 and 1:10 in lysis buffer (PBS/EDTA) and 5^1 of protein standards and samples
were pipetted into duplicate wells in a 96 well plate (Immulon Dynatech) 25/xl of
working reagent A (BioRad) was added to each well and the plate gently mixed.
When the sample protein had detergent in the buffer then 20/xl of reagent S (BioRad)
was added to 1ml of A before use.

200/xl of reagent B (BioRad) was added to each

well and the plate mixed thoroughly and incubated for 15 minutes at room temperature.
After this time the plate was read at OD 690nm on a Titertek plate reader and the
unknown protein concentration determined against the standard curve.

2.4.2.2

Quantification of ^^S Sulphate Incorporation Into Protein Lysates
By Trichloroacetic

Acid (TCA) Precipitation

1/xl of each lysate was incubated on ice in 1ml of 10% TCA (Appendix 1.3) for
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30 minutes. After this time the solution was added to prewetted (with distilled water)
glass fibre Whatman filter discs in a Millipore manifold apparatus under vacuum,
which traps any precipitated proteins on the discs. The filters were washed twice with
5ml of ice cold 10% TCA, followed by 5ml of absolute alcohol, and finally air dried.
The filters were immersed in 10ml of scintillation fluid (Ecolume, ICN/FLOW) and
then counted in a beta counter (Beckman L81 801). Duplicate precipitations were done
for each sample. Following quantification aliquots of 1 x 10® precipitable counts were
stored at -70°C until used.

2.4.3 Polyacrylamide Gel Electrophoresis (PAGE) of Proteins
Vertical gel electrophoresis apparatus systems were used (Model SE400 and
Model SE250/SE260, Hoeffer Scientific Instruments), and 1.5mm thick gels were
assembled according to the manufacturer’s instructions. The resolving gel recipe is that
of Laemmli (1970) and is described in Appendix 1.3.

Immediately after pouring, the

gel was overlaid with a 0.1% SDS solution to eliminate an air interface which inhibits
acrylamide polymerisation. Gels were allowed to polymerise for about 40 minutes.
After this time the 0.1% SDS was poured off, the stacking gel (Appendix 1.3) poured
over the resolving gel and the comb (same thickness as the gel) immediately inserted
to create wells. The stacking gel was left to polymerise for 20-30 minutes before
carefully removing the comb. The wells and upper and lower gel tanks were filled with
SDS-running buffer (Appendix 1.3). Samples were diluted 1:1 with non-reducing
sample buffer, boiled for 5 minutes, centrifuged at 14,000rpm for 5 minutes and loaded
using capillary disposable pipette tips.

Standard high molecular weight markers

(BioRad) were prepared according to the manufacturer’s instructions. Samples were run
at 60V through the stacking gel and then at 120V for

6 - 8

hours. When the dye front

reached the bottom of the plates the gel was either prepared for Western blotting or
stained with Coomassie Blue.

2.4.4 Immunoprécipitation
Immunoprécipitation of radioactive lysates was carried out as described by
Adams and Watt (1990).
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2.4.4.1

Preparation of Sepharose-A and Sepharose-G Beads
Sepharose beads (Pharmacia Biotech) were swollen with distilled H2 O by mixing

end over end for 20 minutes.

After this time the beads were washed with PBS and

spun down. The supernatant was removed and the beads washed again two more times
with PBS. Sepharose-A beads bind directly to rabbit antibodies, and Sepharose-G
beads bind directly to certain classes of mouse and rat IgG.

Bridging antibodies were

used when direct binding between the antibodies and the Sepharose beads would not
occur. Rabbit anti-mouse IgG and rabbit anti-rat IgG (Sigma Chemical Co.) were used
when indicated, and added to a 1:1 slurry of beads and PBS and mixed at room
temperature for 1 hour.

The bead-antibody mixture was then washed with PBS and

spun down and the supernatant removed, the mixture was washed 2 more times and the
beads were finally resuspended in immunoprécipitation lysis buffer as a

2.4.4.2

1 :1

slurry.

Immunoprécipitation
Aliquots of lysate containing 1 x 10^ TCA precipitable counts were incubated

with Sfû of the appropriate anti-integrin antibodies on ice for
14,(XX)rpm for 10 minutes.

1

hour, and then spun at

The lysate was removed and mixed end-over-end for 1

hour with 40/xl of a 1:1 (v/v) suspension of protein A-sepharose (Pharmacia Biotech)
or protein G-sepharose (Pharmacia Biotech) in PBS ABC prepared as described in
Section 2.4.4.1. Following incubation the mixture was spun down and the supernatant
removed.

The bead-mixture was then washed in 0.5% Triton X-100, 0.1% SDS in

PBS, spun down and the supernatant removed, followed by a wash in 0.5% Triton X100 with 0.5M NaCl in PBS. This was followed by 3 further washes in the detergent
buffer (Triton X-100 with SDS). Following the final spin the supernatant was removed
and the bead-antibody mixture was resuspended with 35-50^1 of 2X sample buffer
(Appendix 1.3). Samples were boiled for 3 minutes, as were high molecular weight
markers (BioRad) suspended in the same sample buffer. The samples were spun briefly
and loaded on a 7.5% polyacrylamide gel and run overnight at 40V.

2.4.5 Coomassie Blue Staining
SDS-PAGE gels were immersed in Coomassie Blue stain (Appendix 1.3) for 30
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minutes at room temperature and then destained (Appendix 1.3) until the protein bands
were clearly visible, usually for 2 hours. Immunoprécipitation gels were then placed
in Amplify (Amersham International) for 30 minutes and gently rocked.

Gels were

preserved for autoradiography by drying onto 3M Whatman filter paper in the BioRad
gel drier (BioRad) at 80°C for 2 hours and exposing them to Kodak X Omat XAR-5
X-ray film at -70®C for varying lengths of time.

2.4.6 Western Blotting
Western Blotting is used to identify the molecular weights of antibody specific
proteins from a total cell extract that is not radioactively labelled. The method is based
on that of Towbin et al. (1979) . Subconfluent cultures of unlabelled kératinocytes to
be investigated for involucrin production were washed

and prepared by the same

method as for PAGE of proteins (2.4.1.1). Before running on the gel the samples were
boiled for 5 minutes and then the samples were resolved on 7.5 % polyacrylamide gels.
Proteins were transferred onto Immobilon-P transfer membrane (Millipore) (pre-wet
in methanol) as described in Figure 2.3 in BioRad Western blotting transfer buffer
(Appendix 1.3) overnight at 35V. After the transfer was complete the membrane was
stained using a 1: ICXX) dilution of India Ink in 0.05% Tween 20 (Sigma Chemical Co.)
in PBS for 15 minutes at room temperature and then washed in 0.05% Tween 20 in
PBS until the protein bands were clearly visible. The membrane was then blocked in
5 % Marvel skimmed milk powder (Cadbury) /0.05 % Tween 20 in PBS for 1 hour. The
membrane was incubated with primary antibody in 2% Marvel/0.05 % Tween 20 in
PBS for 1 hour at room temperature. After washing three times in PBS containing
0.05% Tween 20 the membrane was incubated in horseradish peroxidase-conjugated
secondary antibody diluted in 2% Marvel/ 0.05% Tween 20 in PBS for 1 hour at room
temperature.

The membrane was washed as before, the final wash being in PBS

without added Tween. Western blots were developed using the ECL chemiluminescence
kit (Amersham) according to the manufacturer’s instructions, sealed in cling film and
exposed to Kodak X Omat XAR-5

film for various lengths of time (2 seconds-2

minutes) for visualisation.

62

Materials and Methods

Figure 2.3 Western Blotting Apparatus
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2.4.6.1

Restaining Western Blots
To remove antibodies prior to incubation with different antibodies the blots were

washed with lOOmM glycine, pH 2.5 for 10 minutes, then with lOOmM TrisHCl, pH7.5
followed by three washes with 0.05% Tween 20 in PBS. Blots were then ready for
reprobing.

2.5

RNA Isolation and Northern Blotting

2.5.1 RNA Extraction
Total cellular RNA was extracted from the kératinocytes with guanidinium
thiocyanate (GIT)(Appendix 1.4) and recovered by centrifugation through caesium
chloride as described by Nicholson and Watt (1991).

Briefly, feeder cells were

removed with versene where necessary, kératinocytes were washed three times in PBS
and lysed at room temperature in 8ml of 4M solution of guanidinium thiocyanate
(Appendix 1.4).

8ml of cell lysate was carefully layered on top of 4ml of 5.7M

caesium chloride containing 25mM sodium acetate, pH 6.0, and spun at 32,000rpm for
21 hours at 20®C in a Beckman L8-70M ultracentrifuge.

The pellet of RNA was

washed twice with 70% ethanol, and air dried until it had a jelly like appearance.
Pellets were dissolved in sterile DEPC-treated water (Appendix 1.4), and precipitated
with 10% 3M sodium acetate and two volumes of 100% ethanol at -2(fC. RNA was
recovered by centrifugation at 12,000 rpm for 15 min at 4®C then dissolved in DEPCtreated water. The concentration and purity of RNA was determined by absorbance at
260 and 280nm. A solution with an ODg^o of 1.0 contains 40 jugRNA/ml, and the ratio
OD2 6 0 /OD 2 8 0 of —1.8 signifies a clean preparation. Contamination with protein or salt
will lead to lower ratios. For Northern blotting samples with ratios of 1.6 and higher
were used. RNA samples were aliquoted and stored at -IQPC.

2.5.2 Agarose Mini-Gel Electrophoresis
To check that the quantification of RNA was correct and that the RNA was not
degraded

1% agarose with

1:5000 ethidium bromide mini-gels were run.

Electrophoresis-grade agarose (Gibco) was melted in 1 x TAE (Appendix 1.4) and
cooled to ~56®C. Ethidium bromide was added and the agarose poured into a mini-gel
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apparatus (Pharmacia-LKB 2013 Miniphor). Once the gel had set, 1 x TAE buffer was
added to just cover the gel.

Samples to be analysed were loaded in sample buffer

(Appendix 1.4). Gels were run at 80V for 45-60 minutes, and results were documented
with Polaroid photography of the gel on a 302nm wavelength UV light box.

2.5.3 RNA Gel Electrophoresis
RNA was separated on a formaldehyde denaturing gel, based on methods of
Sambrook et al. (1989) and Nicholson and Watt (1991). A horizontal electrophoresis
tank (Gibco-BRL H5) was treated for 30 minutes in IM HCl to destroy nucleases and
rinsed in DEPC-treated PBS, then DEPC-treated water. Gels were prepared by mixing
20ml of 37% formaldehyde (AnalaR), 10ml of lOX HEPES and 20ml distilled water,
heating to 56°C and adding 50ml of 2% agarose in distilled water to give a final
concentration of 1% agarose.

10 - 20/-tg of each RNA sample was mixed with 4^1

TAE, 16/d sample buffer, 1/d 10% ethidium bromide and 4/d loading buffer. RNA
markers (Gibco) were prepared according to the manufacturer’s instructions.

All

samples were incubated at 70°C for 5 minutes and allowed to cool prior to loading onto
the gel. The gels were run in running buffer (Appendix 1.4) for 4 hours at lOOV at
room temperature.

RNA was transferred from the gel to Hybond-N (Amersham

International) immediately after electrophoresis, as shown in Figure 2.4. The blotting
buffer used was 20X SSC (Appendix 1.4), and transfer was complete within 16 hours
at room temperature.

Once the transfer was complete the Hybond membrane was

rinsed with 6 X SSC to wash off any pieces of the agarose gel that had been stuck to
it, baked for 1 hour at 80°C, exposed to UV light for 3 minutes, and stored in cling
film at 4°C until required for hybridisation.
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Figure 2.4 Capillary Transfer of Nucleic Acids from Agarose Gels
to Nvlon Membranes

W eight
Glass plate
Paper towels
W hatm ann

3 MM

paper
Hybond N
Gel
W hatm ann

3M M

wick
T ransfer buffer

2.5.4 Preparation of Probes
(See Appendix 2 for details of probes)

2.5.4.1

Transformation of Competent Bacteria
50/xl of bacteria (made competent by a rubidium chloride method by Wai Jing

Kee) was thawed at room temperature until just liquid, and then it was left on ice for
5-10 minutes. 0. l^g of the DNA B5 probe was added to the bacteria and left on ice for
20-30 minutes, then incubated at 42° C for 90 seconds and left on ice for 1-2 minutes.
500^il of brain-heart infusion (Appendix 1.4) was added and the mixture was shaken
gently for 40 minutes at 37° C. 50^1 of the mixture was then diluted in 500/xl of brainheart infusion and

spread out on L-broth (ICRF)(Appendix 1.4) plates containing

l(X)/ig/ml ampicillin. The plates were incubated at 37° C overnight.
2.5.4.2

Preparation of Probes from Bacterial Cultures
The following day individual colonies had formed on the plates and several were

selected and transferred into individual containers containing 5ml L-broth (ICRF) with
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!100/ig/ml ampicillin and left to grow overnight on a rotating shaker at 37®C.
The following day 1.5 ml of the culture supernatant was spun at 14,000g for 1
minute. Each pellet was resuspended in 200^1 of STBT (Appendix 1.4) plus 25/d of
lOmg/ml lysozyme (made fresh with distilled water). This was incubated for 3 minutes
at room temperature and then boiled for 40 seconds, and spun for 10 minutes at 4® C
at 14,000g. The pellets at the bottom of the tubes were removed and the supernatants
were added to 200/d of isopropanol and vortexed immediately. These were then spun
for 10 minutes at 4®C, and the resulting pellets were washed with 70% ethanol and left
to air dry.

The pellets were resuspended in 50/d TE (Appendix 1.4) and digested in

5/d buffer, 15/d DNA (from the 50/d dissolved inTE), 1/d Eco R1 (10 units//d)(New
England Biolabs (UK), Ltd.), 1/d RNAse A (lOmg/ml) and 28/d distilled water at 37®
C for 1 hour. 15/d of the digests were then run on a 0.8% agarose mini-gel containing
0.2/d/ml ethidium bromide at 90V for approximately 1 hour. The resulting gel was
photographed on a 302nm wavelength UV lightbox. 2 x 1.5ml of one of the samples
was digested as described above, except that this time the pellets were resuspended in
100/d TE and the other reagents increased accordingly.
After digestion the DNA was ethanol precipitated as follows; 50/tl of sodium
acetate and 450/d of ice cold 100% ethanol were added and left on ice for 10 minutes.
This was then spun and the resulting pellet washed in 70% ethanol. The pellet was
resuspended in

2 0

/d distilled water and the whole sample was run on a 0 . 8 % agarose

mini-gel as described above. The gel was examined on a 302nm wavelength UV light
box and the appropriate band cut out of the gel.
determine its volume.
recovered from the gel.

The excised band was weighed to

The Geneclean kit (Bio 101 Inc.) was used to purify DNA
3 x volumes of Nal (Geneclean kit) was added to the

agarose band and was incubated at 45-55® C for 5 minutes with frequent mixing. 5/d
of

Glassmilk suspension (Geneclean kit) was then added to 5/tg of agarose and

incubated on ice for 5 minutes with frequent mixing. The suspension was spun for 5
seconds and the supernatant removed and the pellet washed in 200/d of New wash
solution (Geneclean kit) and then spun again. This washing was repeated once. The
final pellet was resuspended in 5/d of TE, heated to 45-55®C for 3 minutes, and the
supernatant collected after centrifugation at 14,000,g
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and stored at 4®C until use.
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2.5.5 Hybridisation of Northern Blots
The method used for hybridisation was based on that of Church and Gilbert
(1984). To prevent non-specific binding of the probe to RNA the blot was pre
hybridised in 15ml of hybridisation buffer (Appendix 1.4) in a Techne Hybridiser HB-1
hybridisation oven for 1 hour at 42°C. The prehybridisation buffer was poured away.
400/d of labelled probe prepared using the Klenow fragment and random primers
(Multiprime Kit, Amersham International) was mixed well with 12.5ml of hybridisation
buffer and incubated with the blot in the hybridisation oven overnight at 42°.
After hybridisation, the hybridisation solution was discarded and the blot rinsed
briefly in sodium phoshate/SDS wash buffer (Appendix 1.4) for 30 minutes at 65°C.
The wash buffer was changed and the blot washed twice more in the same conditions.
Blots were wrapped in cling film and exposed to Kodak film X Omat XAR-5 for 1 to
10 days, depending on the probe, at -70°C.
In order to reprobe the blot with a different probe blots were incubated in 0.1 %
SDS for 1 hour at 70°C . To check that the first probe had been completely removed
the blots were exposed to Kodak film X Omat XAR-5 overnight at -70^C. Once "clean”
the blots were reprobed using the above method.

2.6

Preparation of Extracellular Matrix Proteins

2.6.1 Vitronectin
Vitronectin was prepared from fresh frozen human plasma according to the
method of Yatogho et al. (1988). Frozen plasma was defrosted at 37°C and allowed to
clot by adding 2ml of IM CaCl2 to 100ml of plasma in a Teflon beaker. The clot was
incubated at room temperature for 1 hour,

then at 4°C for 2 hours.

During this

incubation the clot was periodically retracted from the side of the beaker with a spatula.
The serum was removed from the clot by filtering through 2 layers of gauze, and then
the clot was squeezed gently to get any remaining serum out of the clot. 0.5ml of 0.2M
PMSF (phenylmethysulphonylfluoride)(SigmaChemical Co.) in ethanol (Appendix 1.5)
and 2.5ml of 0.2M EDTA were added per 100ml of serum. The serum was passed
over a 2.5ml Sepharose 4B (Pharmacia) column (to remove contaminants which bind
to the Sepharose), and the flow through was collected. The flow through was then
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passed over a 5ml heparin-Sepharose column (Pharmacia) equilibrated in lOmM NaPO^
pH 7.7 + 0 .13M NaCl + 5mM EDTA (Appendix 1.5) and collected. 96g of urea was
added to the flow through and the volume brought to
urea concentration was

8

M).

2 0 0

ml with distilled water (final

The serum in urea was allowed to stand at room

temperature for 2 hours and then the serum was recirculated over heparin Sepharose
equilibrated in lOmM NaPO^ pH 7.7 + 5mM EDTA 4- 8 M urea (Appendix 1.5). The
column bed volume was 5 ml, and the serum was recircluated overnight at room
temperature. The heparin-Sepharose was washed with 100ml of the above buffer, and
then washed with 100ml of buffer A + 0 .13M NaCl (Appendix 1.5) and the OD was
monitored at 280nm.

The column was equilibrated in buffer A + 0.13M NaCl +

lOmM 15-mercaptoethanol (36 fi\ in 50ml of buffer)(1 column volume)(Appendix 1.5)
and left to stand overnight at room temperature. The column was eluted with buffer A
+ 0.5M NaCl the flow through was collected in 10ml aliquots. The aliquots were
dialyzed against lOX PBS overnight. Samples were concentrated in a speed-vac (Savant
A160).
To ascertain the purity of the samples, they were run on a 10% polyacrylamide
gel (Appendix 1.3) at 120V for 1 hour and the gel was then stained with Coomassie
Blue, and then destained until the protein bands were visible.

2 bands of

approximately 65kDa and 75kDa were seen which is in accordance with that reported
by Yatogho et al. (1988). A protein assay was done on the samples as described in
Section 2.4 to quantify the protein. Aliquots that contained vitronectin were further
aliquoted out and stored at -2QPC until use.

2.6.2 Laminin 5/Kalinin
2.6.2.1

Rouselle Method
The surfaces to be coated with laminin 5 were seeded with J2 feeder cells

treated with mitomycin C at the appropriate density.

Normal human foreskin

kératinocytes were plated onto the feeders at a density that ensured that the
kératinocytes would reach confluence in 5 days. Cells were fed with FAD + FCS +
HICE and grown until a confluent sheet of kératinocytes was present in the plates. The
medium was removed and the cells washed twice with PBS. Lysis buffer (Rouselle et
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al. (1991), Appendix 1.5) was added to the kératinocytes and left for 15 minutes. The
cells and lysis buffer were removed and the protein remaining on the dish was washed
3 times with PBS and then used in adhesion assays immediately.

2.6.2.2

Trypsin Method
The surfaces to be coated with laminin 5 were seeded with J2 feeder cells

treated with mitomycin C at the appropriate density.

Normal human foreskin

kératinocytes were plated onto the feeders at a density that ensured that the
kératinocytes would reach confluence in 5 days. Cells were fed with FAD + FCS +
HICE and grown until a confluent sheet of kératinocytes was present in the plates. The
medium was removed and the feeder cells were removed with versene.

The

kératinocytes were removed from their matrix by incubating with 0.05% trypsin for
5-10 minutes.

The laminin 5 matrix was treated with 0.1 mg/ml soybean trypsin

inhibitor (Sigma Chemical Co.), washed with PBS and used in adhesion assays
immediately.

2. 6 .2.3

Burgeson Method
Feeder cells were removed from confluent cultures of epidermal kératinocytes,

then the remaining cells were incubated in versene for at least

2 0

minutes, after which

time the kératinocytes could be lifted off as a sheet. The dishes were then washed three
times with PBS and then incubated with RIPA buffer (Appendix 1.5)(R. Burgesonpersonal communication) which solubilises laminin 5. In some cases the RIPA buffer
was prepared without BSA. The protein was scraped off the dish and dialysed against
PBS for 2hours.

A protein assay (BioRad) was done todetermine theprotein

concentration of the resulting solution.

Samples were run on

10%and

6

% SDS-

PAGE gels to determine the purity of the resulting protein solution. The laminin 5
solution was aliquoted and stored at -lOPC until used. When needed, the laminin 5 was
thawed and 96 well plates (Immulon 2, Dynatech Labs Inc.) were coated with the
appropriate concentration and incubated overnight at 4°C.
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2.7

Adhesion Assays

2.7.1

®*Cr Labelling
Cells passively take up radioactively labelled chromate and cell number can be

measured by quantitating internalized ^*Cr (Brunner et al. 1976). Cells were trypsinised
and washed with complete FAD + FCS + HICE and spun down. Cells were then
resuspended in 200fil of complete FAD 4- FCS + HICE.

110^1 of lOX PBS was

added to a ImCi batch of Cr^^ sodium chromate (Amersham International, 100500Ci/mg Cr) in 1ml aqueous solution.llOjul of this mix(lOOjuCi)

wasadded to the

cells and then incubated at 37°C.Every 15minutes thecells were resuspended, and
after Ihour the cells were washed three times with serum-free FAD to remove unbound
^*Cr. The cells were counted and the resuspended at 1 x 10^ per ml.

Cell standards

were created for each cell line in each adhesion assay by counting known numbers of
cells on a LKB Gamma counter and plotting a standard curve.

2.7.2 Adhesion Assays
Vitronectin, laminin 1 mouse EHS (Sigma Chemical Co.) and laminin 5,
prepared as described above was diluted in PBS and left to adsorb onto 96 well plates
(Immulon 2, Dynatech Labs Inc.) overnight at 4° C. The plates were rinsed 3 times in
PBS and blocked by incubation for 1 hour in PBS containing 0.5mg/ml heat-denatured
BSA (Sigma Chemical Co.). The plates were rinsed again in PBS ABC.

Cells were

detached from the culture flasks by trypsin/versene treatment and collected by
centrifugation in the presence of FAD + HICE + FCS, then suspended in 200jiil FAD
+ FCS + HICE medium. Cells were radioactively labelled with lOO^Ci of ^^Cr as
described in section 2.7.1.

After labelling, washing and counting cells were

resuspended at 1 x 10^ cells per ml in serum-free FAD medium, where indicated
1:1(XX) cycloheximide was added. 10^ cells were added to the wells in triplicate and
allowed to adhere for 1-3 hours at 37®C after which time the plates were gently washed
in PBS ABC. Adherent cells were removed by lysing in adhesion assay lysis buffer
(Appendix 1.6) for 10 minutes at 37®C and cell lysates were counted on a LKB Gamma
counter.

Adhesion blocking antibodies when used, were added to the cells before

addition to the wells. The cpm were calibrated to cell number by the construction of
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a standard curve.

Pilot experiments were carried out to determine the approriate

conditions for the various cell types and extracellular matrices.
Adhesion assays on laminin 1 and laminin 5 were sometimes carried out at 4°C
in order investigate B4 integrin function as oppose to Bi integrin function.
Alternatively, to prevent Ô1 integrin function 50mM deoxyglucose with 0.5%azide and
1/xg/ml cytochalasin D (Sigma Chemical Co.) were added to the cells for 20 minutes
at 37°C before adding the cells to the wells. These compounds inhibit metabolism and
polymerisation of the actin cytoskeleton, which is necessary for B, integrins to adhere
to extracellular matrix proteins. As

8 4

integrins are linked to the intermediate filament

network of the cell they are still able to function in the presence of these compounds.

2.8

Motility Assays
Cell motility assays were carried out with the help of Chris Gilbert from the

Applied Microscopy Laboratory, ICRF. 5 x 1(P cells were plated per 35mm diameter
petri dish in FAD 4- FCS + HICE and left to grow for 48 hours. The cells were
monitored for 40 hours using Olympus time lapse units.

The units consist of 16mm

Bolex H16 cameras and inverted Olympus IMT microscopes which were fitted with
phase objectives and were enclosed within a 5 %C0 2 , 37°C environment (Riddle 1990).
Cultures were filmed using Kodak Infocapture Attu microfilm for 40 hours at a rate of
one frame every 3 minutes.

The films were reviewed using an analytical projector

(NAC), and the motility of the cells was determined using a GP7 digitiser (Science
Accessories Corporation), linked to a BBC B microcomputer. The migration patterns
of individual cells were traced using the same equipment. Migration rates were defined
as the average number of fxm travelled per hour. For each experiment the paths of 50
cells were traced.

2.9

Tumour Formation in Nude Mice
(Xy-positive clones VI,V5 and V6 along with cxy-negative clones 1A4 and PRC

and the H357 parental cell line were used . Kératinocytes harvested from confluent
cultures of were washed three times in PBS and 2x10^ cells were resuspended in 0.1
ml of serum-free FAD. This 0.1ml suspension of cells was inoculated sub-cutaneously
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into 4-6 week old male athymic mice. If no tumours had formed in the animals after
1 2

months they were sacrificed.

2.10
2.10.1

Immunocytochemical Staining
Sections of Cultured Cells
Cells grown to confluence on a collagen membrane (Cellagen, ICN) and on the

surface of DEDs were washed in PBSABC, coated in OCT (Tissue-Tek) and frozen
in isopentane cooled in liquid nitrogen.

Blocks of frozen tissue were stored at -70^C

until sectioned. 6jjLm sections were cut at right-angles to the surface of the Cellagen
membrane and the epithelial surface of the DEDs and mounted on 4 well slides that had
been coated with APES (Appendix 1.7) and stored at -70°C.
Sections of cells grown on Cellagen membranes were stained with haematoxylin
and eosin to demonstrate the morphology of the epithlelial cultures.
Immunofluorescence staining of the cells on Cellagen membranes was performed
as follows. Sections were allowed to warm to room temperature and then fixed in 3.7%
formaldehyde for 15 minutes. Sections were washed in PBS ABC and then blocked in
PBS ABC containing 0.1% BSA (Sigma Chemical Co.) for 1 hour. Primary antibody
was applied for 1 hour at room temperature followed by three 5 minute washes in
PBS ABC. Biotinylated secondary antibody (Amersham) was applied for 30 minutes,
followed by three 5 minute washes in PBS ABC. Sections were then incubated with
streptavidin Texas Red (Amersham) for 30 minutes, followed by three 5 minute washes
in PBS ABC. An alternative method was also used with a FITC detection system. The
primary antibody was applied in the same manner, followed by washing, the secondary
antibody was FITC-conjugated (Appendix 2) and applied for 30 minutes, followed by
three 5 minute washes. Slides were mounted in Gelvatol (Appendix 1.7) and viewed
using a Zeiss Axiphot fluoresence microscope.
Cells grown on DEDs were stained with haematoxylin and eosin to demonstrate
the morphology of the sections.

A selection of these that showed a covering of

epithelial cells on the surface of the connective tissue were stained with antibodies to
involucrin using an indirect FITC immunofluorescence technique as described above.
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2.10.2

Staining of Cells to Show Stable Anchoring Contacts (SACs) and
Focal Contacts
Normal kératinocytes and H376 ceils were grown on glass coverslips in 24 well

plates. When colonies of kératinocytes were visible after 3 days the coverslips were
washed in PBS, and then fixed in 3.7% formaldehyde contining 0.4% Triton X-100 for
10 minutes.

Triton X-100 was only used when the cells were to be permeabilised

before staining, if this was not required fixing was carried out in 3.7% formaldehyde
alone.

The coverslips were washed in PBS and then blocked with 0.1%

denatured BSA (Sigma Chemical Co.) in PBS for 1 hour.

heat

The coverslips were then

washed in PBS ABC and incubated with primary antibodies diluted in PBS ABC for 1
hour at room temperature. Antibodies to integrin subunits « 3 , oc^, fii and
antibodies to vinculin (Appendix 2) were used.

along with

The coverslips were washed in

PBS ABC and incubated with FITC-conjugated secondary antibodies (Appendix 2)
diluted in PBSABC for 30 minutes at room temperature. Coverslips were washed,
mounted in Gelvatol on slides and viewed with a Zeiss Axiophot fluorescence
microscope with a xlOO objective under oil immersion.

2.10.3

Staining of Sections of Oral Squamous Cell Carcinomas and Normal
Oral Mucosa

2.10.3.1

Selection of Tissue

Samples of oral squamous cell carcinomas were obtained from 17 tumours. The
tumours were from the floor of the mouth, lateral border of the tongue, buccal mucosa,
the maxilla and the upper and lower alveolus.

There were 5 well differentiated, 7

moderately differentiated and 5 poorly differentiated cases. Normal oral mucosa was
collected with permission from patients undergoing routine removal of third permanent
molars, a small piece of redundant mucosa being removed from the buccal tissue flap.
Details of the tissue used is given in Table 2.2.

All tissue was collected fresh,

mounted in OCT (Tissue Tek) and snap frozen in liquid nitrogen and stored at -70°C.
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Table 2.2

Tissue Used for Immunohistochemistry

Number

Tissue

Buccal

Age Range

Mean Age

Male

Female

in years

in years

17

20-36

26.75

5

12

17

34 - 82

64.65

9

8

Mucosa

see

2.10.3.2
6

fixed in

Staining of Sections
fjLtn frozen sections were cut on a cryostat (Slee Medical Equipment Ltd.),
1 0 0

% acetone at room temperature for

1 0

minutes and air dried at room

temperature for 1 minute. An immunoperoxidase staining method was used for all
antibodies.

Tissue sections were stained with antibodies to ay,

(Appendix 2).

^ 3

and fig

Briefly, sections were washed in PBS ABC and blocked with PBS ABC

containing 0.1% BSA (Sigma Chemical Co) for 30 minutes. Sections were incubated
with primary antibodies for 18 hours at 4°C

and then washed with PBS ABC.

Biotinylated secondary antibodies (anti-mouse and anti-rat: Sigma Chemical Co.) were
applied for 30 minutes and then the sections were washed with PBS ABC. Slides were
incubated with avidin-biotin complex conjugated to horseradish peroxidase (Dako Ltd.)
for 30 minutes, washed 3 times in PBS ABC and then developed in a 50^g solution of
diaminobenzidine (Sigma Chemical Co.) and 0.03% H^Oz in PBS for 10 minutes.
Sections were lightly counterstained in Mayers haematoxylin. Negative controls were
done by the omission of the primary antibodies and positive controls were inbuilt as the
staining pattern of the integrin subunits in connective tissue is known.
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2.10.3.3

Assessment of sections

Within the normal stratified squamous epithelium staining was assessed in four
cell layers: basal layer ( the layer adjacent to the basement membrane), suprabasal layer
(one or two cell layers above the basal layer), prickle cell layer (the bulk of the
epithelium, composed of cells with identifiable desmosomes), and the superficial layer
(the outermost or keratinized layers). In well and moderately differentiated squamous
cell carcinomas, the compartments examined were cells lying adjacent to the basement
membrane (equivalent to the basal cells), cells lying above these (equivalent to the
suprabasal cells), cells lying in the centre of the tumour islands (equivalent to the
superficial cells), and cells lying between the centre of the tumour islands and the
suprabasal equivalent (equivalent to prickle cells). In poorly differentiated squamous
cell carcinomas, cell layers could not be identified and an overall assessment of the
tumour section was made.

2.10.3.4

Haematoxylin and Eosin Staining

Slides were immersed in Mayers haematoxylin for 2 minutes and then washed
in running tap water for 3 minutes. Slides were then differentiated in acid alcohol for
2-3 seconds and rinsed in distilled water, then counterstained in eosin for 5 seconds and
rinsed in tap water. Slides were then dehydrated through graded alcohols and spirit to
xylene and mounted in colphonium resin in turpentine and coverslipped.
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Chapter 3

«V TRANSFECTION INTO H357 CELLS
3.0

Introduction
The «V integrin subunit is unique in that it associates with multiple 15 partners

including Bj (Bodary and McLean 1990, Vogel et al. 1990), B3 (Cheresh and Spiro 1987,
Cheresh et al. 1989(b)), B5 (Cheresh et al. 1989(a)), Bg (Sheppard et al. 1990) and Bg (Moyle
et al. 1991). a^Bg is able to bind to multiple ligands in a RGD-dependent manner (Cheresh
1987, Cheresh and Spiro 1987, Charo et al. 1987).

Ligands of the ay integrins in various

cell types are shown in Table 3.1. Different ay integrins that bind to the same ligand do
not necessarily serve the same function, for example, Friedlander et al. (1995) report that
«vBs and a^B^ are capable of mediating two distinct angiogenic pathways.
In the epidermis ay is weakly expressed in a pericellular manner in the basal
kératinocytes (Nazzaro et al. 1990, Hertle et al. 1991). Weak expression of ay is seen in
the basal kératinocytes of oral mucosa, and in some cases expression extends into the
suprabasal layers (Jones et al. 1993). B5 is present in the basal layer of epidermis (Pasqualini
et al. 1993). B3 is not expressed in epidermis (Hertle et al. 1991) and Bg is not expressed by
kératinocytes in epidermis or oral mucosa (Breuss et al. 1995).
Normal epidermal kératinocytes in culture express ay in a heterodimer with B5
which mediates adhesion to vitronectin, but not fibronectin (Adams and Watt 1991).
However, Adams and Watt (1991)
kératinocytes,

report that in a strain of non-differentiating

and «v^ 3 are expressed along with a^Bg, and are involved in mediating

adhesion to vitronectin. Cultured epidermal kératinocytes also express low levels of Bg
(Zambruno et al. 1995).
Integrins are known to be altered in tumours, but the pattern of alterations varies
greatly between different tumour types, between different tumours of similar type and even
between different areas of the same tumour. However,
been linked with malignant behaviour.

in melanomas has consistently

In vivo ayB3 is not normally expressed on
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melanocytes, congenital naevus cells or horizontally growing melanomas but it is expressed
on vertically invasive malignant melanomas and metastatic lesions (Albelda et al. 1990).
In vitro systems have also been investigated and provide evidence for the role of

in

malignant melanomas. For example, Boukerche et al. (1989) showed that an antibody
directed to the B3 subunit reduced the tumourigenicity of human melanoma cells in athymic
nude mice. In addition, RGD peptides, known to block the function of the «vBs integrin,
have been shown to inhibit both melanoma tumour cell invasion in vitro and the
development of experimental métastasés in a murine melanoma model system (Gehlsen et
al. 1988, Humphries et al. 1988). Felding-Habermann et al. (1992) also reported on the
tumorigenic ability of «vBg expressing melanoma cells compared to their «y-negative
counterparts.

Seftor et al. (1992) reported that treatment of melanoma cells with

antibodies to 0 ^ 8 3 resulted in stimulation of invasion through basement membrane matrices
in vitro. They suggest that enhanced invasion of the cells through the basement membrane
could be due to signal transduction through the ayB3 integrin resulting in elevated
expression of metalloproteinases. Ligation of the ay 6 3 integrin on melanoma cells within
a 3-D dermal collagen matrix prevents apoptosis and promotes melanoma cell growth
(Montgomery et al. 1994).
The role of the «y integrins in other tumour types has also been investigated, but
the results have not been so clear cut, although in some carcinomas they are linked to
malignant behaviour. In pancreatic carcinomas acquisition of the % subunit enables cells
to attach, spread and migrate on vitronectin (Leavesley et al. 1992), and Kawahara et al.
(1995) suggests that the invasiveness of squamous cell carcinoma cell lines may be partly
regulated by the «y integrin. Renal cell carcinomas that express «y integrins have a worse
prognosis than those that do not (Korhonen et al. 1992). These results imply that «y
integrins may be responsible for a wide range of migratory and invasive cellular events.
The role of oty integrins in squamous cell carcinoma cell lines has not been
investigated in depth. Sugiyama et al. (1993) reported that H357, a cell line derived from
a squamous cell carcinoma of the tongue (Prime et al. 1990), lacks the «y integrin subunit
as demonstrated by flow cytometry.

This cell line provided an ideal vehicle for

investigating the role of the «y integrin subunit in keratinocyte behaviour.
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Table 3.1 ay Integrin Ligands
Ligand

Reference

Vitronectin

Bodary and McLean 1990

Fibronectin

Vogel et al. 1990

Fibrinogen

Marshall et al. 1993

Vitronectin

Pytela et al. 1985b

Fibrinogen

Cheresh and Spiro 1987

Laminin

Kramer et al. 1990

Thrombospondin

Lawler et al. 1988

Fibronectin

Cheng et al. 1991

von Willebrand factor

Cheresh and Spiro 1987

Thrombin

Bar-Shavit et al. 1991

Osteopontin

Miyauchi et al. 1991

Bone sialoprotein

Miyauchi et al. 1991

Collagen types I and IV

Clyman et al. 1992

Vitronectin

Adams and Watt 1991

Fibronectin

Cheresh et al. 1989b

iÎ6

Fibronectin

Busk et al. 1992

iÎ8

Vitronectin

Nishimura et al. 1994

B Subunit
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3.1

Transfection of H357 cells with the «y Integrin Subunit
H357 cells lack surface expression of the «y integrin subunit (Sugiyama et al. 1993)

as demonstrated in Figure 3.1, and do not express «y mRNA, as shown in Figure 3.7. An
tty expression vector was introduced into the cells using a calcium phosphate transfection
method by Masaru Sugiyama. G418-resistant clones were picked and screened for «y
expression by flow cytometry.

3.2

Selection of ay Positive Clones
At the first sort the number of positive «y-expressing cells in individual clones was

low, but 5-10% of the most positive cells were collected by FACS (as demonstrated by the
bar labelled M in Figure 3.2) These cells were grown to confluence and sorted again: this
time the number of positive cells was increased, but the overall proportion was still low.
The top 10-20% of «y expressing cells were collected.

This

sorting procedure was

repeated twice, (that is a total of four sorts) after which there was a distinct change in the
FACS profile of the cells which now expressed ay strongly. Stable ay expression was seen
in the seven clones that were sorted four times. At each sort negative controls in the form
of the original parental cell line and negative transfectants (see below) were used. The ay
expressing clones were named VI - V7. The first two sorts of clones VI - V4 were carried
out by Masaru Sugiyama but all further sorts wereperformedas part of this project.

Sort

profiles for the various transfected clones are shown in Figure 3.2.
H357 cells were also transfected with the pRc/CMV empty vector, conferring G418
resistance alone. Four negative transfectants were selected for further investigation, named
1A4, 1D3, 1C6 and PRC.

3.3

ay Expression in the Selected Clones

3.3.1 ay Expression Demonstrated by Flow Cytometry
The cloned cells were maintained in G418 selection medium and ay expression was
checked by flow cytometry every four passages. After 18 months of continuous growth
in media containing G418, the clones are still expressing ay, as measured by flow
cytometry, confirming that transfection has resulted in stable ay expression. The level of
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expression of «y in the various clones was examined by flow cytometry.

The mean

fluorescence value for each clone stained with an anti-ay monoclonal antibody has been
plotted in Figure 3.3 to show the variation in ay expression in the various clones. Minimal
ay was expressed by the negative transfectant clones, as measured by flow cytometry.

3.3.2 ay mRNA Expression
RNA was collected from the positive clones, the parental cell line and the negative
transfectants and Northern blotting carried out to establish the presence of ay mRNA.
ay mRNA was expressed in the ay-transfected clones but not in the parental or negative
transfectant clones. The results of the Northern blotting of the clones V2, V4, V6 and the
parental cell line are shown in Figure 3.7a.

Northern blots were also carried out using

a probe to the neomycin construct, and were positive in all of the ay-positive clones and
the negative transfectants (data not shown).

3.4

Effect of ay Transfection on

and 8^ Integrin Levels

The cells had been through a vigorous sorting procedure and may therefore have
altered expression levels of other integrin subunits when compared with the parentals.
For example, changes in the expression profile of
the ay integrin subunit can form a heterodimer with
expressed by kératinocytes.

integrins could have occurred because
even though ayili is not normally

Flow cytometry was carried out to see if there were

differences in the expression levels of the major non-ay integrins: a 2 l5 i, agBi a^Di and a ^ .
Figure 3.4 shows flow cytometry profiles for the parental cells and an ay-positive
transfectant clone V3. The mean fluorescence of each clone stained with an anti-integrin
antibody was recorded by the FACStar machine and these figures used to compare the
differing amounts of an integrin on the surface of the different clones.

The mean

fluorescence values of the various clones stained with anti-integrin antibodies is shown in
Figure 3.5.

The graphs show results of two staining runs. There were variations in the

levels of integrins on the surface of the clones; however, the introduction of ay into the
cells did not result in any consistent alteration of integrin profile between the parental cell
line and the transfectants.
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3.5

fi partner Associated with the Transfected «y Integrin Sunbunit
tty is capable of forming heterodimers with a number of B partners: Bj, B3 , B5 , Bg

and Bg (reviewed by Gladson and Cheresh, 1994). For «y to be present on the cell surface
it must be part of a heterodimer, so experiments were performed to ascertain which B
partner was complexed with «y.

3.5.1 Flow Cytometry
Flow cytometry was used to determine which of the ay-specific B subunits were
expressed in the H357 transfectants.

Figure 3.6 shows two ay-positive transfectants, V2

and V7, and a negative transfectant, 1A4, stained with antibodies to

B 3 ,

ayB g

and

ayBg.

The results shown for V2 and V7 were representative of all the ay-positive clones and 1A4
was representative of all the negative clones and the parental cell line.

No surface

expression of B3 or ayB* was detected in the clones, but there was surface expression of
the ayBs integrin. However, the fluorescence of anti-ay antibodies was greater than the
fluorescence of the ayB; antibodies. This could be due to ay partnering another B partner,
or it may have been due to differences in intensity of staining between the different
antibodies.

3.5.2 Northern Blotting
Northern blotting with a probe to B5 revealed the presence of mRNA encoding the
B5 subunit in the positive transfectants as well as in the parental cells and negative
transfectants, (Figure 3.7).
mRNA.

Introduction of the a^ subunit had no effect on the level of B5

This is interesting as the only known partner for B5 is ay which is not present

in the parental cell line, so the
unexpected.

3.6

presence of mRNA for an redundant subunit was

Northern blotting was also done using 18S as a loading control.

Adhesiveness of ay Transfectants
To demonstrate that the transfected ay formed a functional receptor with B^

adhesion assays were carried out on vitronectin, the ligand for the integrin ayBg in
kératinocytes (Adams and Watt 1991).
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3.6.1 Preparation of Vitronectin
H357 cells have been shown to adhere to commercially available vitronectin
(Sugiyama et al. 1993), despite having no ay receptor for vitronectin. This may be due
to commercial vitronectin containing other proteins, such as fibronectin, that the cells are
able to adhere to. Vitronectin was therefore purified as part of this project.
Vitronectin was purified from human plasma according to the method of Yatogho
et al. (1988).

The final step involves elution of vitronectin from a heparin-Sepharose

column with a buffer containing a high salt concentration.
collected, dialyzed and then concentrated.

1 0

aliquots of lOmls were

Samples 1-10 were run on a 10% SDS-

polyacylamide gel to determine which of the aliquots contained vitronectin. Figure 3.8a
shows the SDS-PAGE gel: two bands of around

6 8

kDa are present in samples 1, 2 and

5. Yatohgo et al. (1988) reported a doublet of 75kDa and 65kDa bands collected following
elution of the column which corresponds to the molecular weight of vitronectin. Vitronectin
is composed of a mixture of 65kDa and 75kDa polypeptides, the former

is an

endogenously proteolytically nicked product of the latter, lacking a carboxyl terminal
fragment (Suzuki et al. 1984). Samples 1 and 2 were combined and along with sample
5 their protein concentrations were determined using a BioRad protein assay.
vitronectin

was produced

from 200ml of plasma,

5mg of

yields of between 4-6mg

vitronectin/200ml of plasma are expected (D. Cheresh-personnal communication).
Samples 1 + 2 combined and sample 5 were run on another SDS-PAGE gel after
equal volumes of protein had been loaded, (Figure 3.8b). Sample 1 + 2 were used for
the adhesion assays, as sample 5 appeared to contain other contaminating proteins.

3.6.2 Adhesion to Vitronectin
Initial adhesion assays were carried out

to determine optimal conditions for

adhesion of the H357 cells. Non-specific adhesion was blocked by coating the wells with
heat-denatured bovine serum albumin (BSA) for 1 hour at 37®C.
Initially cells were allowed to adhere for 1 hour to a range of concentrations of
vitronectin (0.5/xg/ml, 0.75^g/ml, lug/ml, 5^g/ml and 10/ig/ml). Using this regime it was
not possible to demonstrate any increase in adhesion to vitronectin in the «y-positive
83

«V Transfection
clones. Adhesion of VI and 1A4 is shown in Figure 3.9.
Adhesion assays were then carried out on higher concentrations of vitronectin
(5|xg/ml, 10/xg/ml 20/xg/ml and 50/ig/ml) and the cells were allowed to attach for 3 hours.
This resulted in an increase in adhesion of the «y-positive clones to vitronectin compared
to the parental cells. However, there was a high level (around 30%) of adhesion of the
parental cells and the «y-positive clones on BSA alone. This is demonstrated in Figure
3.10, with clones V4 and V5 and the parental cells.

The cells may have been secreting

their own extracellular matrix during the time course of the assay enabling them to adhere
to a greater extent than they could after only 1 hour.

To prevent this happening

cycloheximide, which inhibits de novo synthesis of proteins, was added to the cells before
they were used in the adhesion assays.
Adhesion to high concentrations of vitronectin in the presence of cycloheximide for
1 and 3 hours is shown in Figure 3.11a and b.

After 1 hour there was an increase in

adhesion in «y-positive clones compared with the parental cells at all concentrations of
vitronectin used. After 3 hours much greater numbers of cells adhered and there was a
marked difference in adhesion between the «y-positive clones at all concentrations of
vitronectin compared to the parental cell line.

Further adhesion assays carried out for 3

hours in the presence of cycloheximide confirmed that

2 0

/xg/ml vitronectin supported

maximal adhesion of the «y-positive transfectants.

3.6.3 Blocking Adhesion with Antibodies
To show that the adhesion to vitronectin was mediated through the «y integrin
receptor attempts were made to block the adhesion with antibodies to «y (13C2) and «yllg
(P1F6).

The concentration of vitronectin was decreased as previous work carried out in

the laboratory had demonstrated that blocking antibodies were more effective against lower
concentrations of extracellular matrix proteins (personal communication).

A range of

concentrations of 13C2 were used on 5^g/ml vitronectin and a slight inhibition was noticed
on 5/ig/ml vitronectin with 80/;ig/ml 13C2.

These conditions were used for further

adhesion assays.
Blockage of adhesion with P1F6 against «yüg was also tried.
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adhesion on 5/ig/ml vitronectin in the presence of 1:100 concentration of P1F6.
Differences in adhesion were seen between the different clones, but all showed reduced
adhesion to vitronectin in the presence of P1F6, confirming that the transfected ay subunit
was a functional subunit.

Anti-ay^s antibodies produced a more profound effect on

adhesion compared to that achieved with the anti-ay antibody alone, possibly reflecting
differences in the binding sites of the antibodies. The ability of anti-ayBg antibodies to
inhibit adhesion of the positive clones confirmed that the B5 subunit was paired with the uy
subunit.

3.7

Growth of ay Transfectants

3.7.1

Growth on Tissue Culture Plastic
The growth rates of the parental cells, the ay-positive transfectants and the negative

transfectants were compared on a solid surface, tissue culture plastic. Initial experiments
were done with and without 0418 to assess whether the drug had a growth inhibitory effect
on the cells. 0418 had no effect on the growth rate of the cells (data not shown) and
therefore the cells that were normally grown in 0418 containing media were maintained
as such. Some of the ay-positive clones grew more slowly than the parentals whereas
others grew at the same rate or faster than theparentals. Figures
results of 18 days growth for the ay-positive

3.13 a-d show the

clonescomparedtothe parentalcells, ay

expression therefore had no consistent effect on the growth of the cells on tissue culture
plastic.

3.7.2

Growth in Suspension
Anchorage-independent growth is a characteristic of malignant cells in vitro. To

determine whether ay had any effect on the ability of the cells to grow in suspension the
clones were grown in 0.3% soft agar for six weeks after which time the number and size
of the colonies formed were recorded. Only colonies larger than 140;^m in diameter were
included.

There was a marked difference between the clones possessing ay and the

negative transfectants and the parentals. The colony forming efficiency of the ay-negative
cells was greater than the ay-positive cells, and the colonies formed were much larger.
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Photographs of the stained dishes are shown in Figures 3.14 and 3.15, which are an
amalgamation of data from 3 separate experiments. Quantified data from two of the assays
is shown in Figures 3.16 and 3.17. As well as counting the numbers of colonies formed
the largest colony in the dish was measured and the average size of the colonies formed
was also recorded (Figures 3.16 b, c, 3.17 b, c).

3.8

Differentiation of ay Transfectants
Integrins are known to control commitment to terminal differentiation in

kératinocytes: ligand binding by the Bj integrins suppresses differentiation and the absence
of ligand is a differentiation stimulus (Adams and Watt 1989). In order to investigate the
role of the ay subunit in the differentiation of the H357 cells the expression of involucrin
in the (Xy-positive clones, the negative transfectants and the parental cell line was examined.
H357 are known to express low levels of involucrin (Sugiyama et al. 1993)
Immunoblotting was carried out to compare the involucrin levels in the «y-positive
and the «y-negative cells and parentals. The «y -positive cells expressed higher levels of
involucrin compared to the negative cells.

Figure 3.18 shows an immunoblot for

involucrin; equal amounts of total protein were loaded as measured by a BioRad protein
assay.

Two of the empty vector controls, 1A4 and 1D3, expressed the same level of

involucrin as the parental cells. In the other two, 1C6 and PRC, involucrin expression
was increased although it was still lower than that expressed by the «y-positive cells; this
probably reflects heterogeneity in the differentiation potential within the parental
population.

3.9

Formation of Epithelial Layers on Cellagen Membranes and DEDs.
Western blots showed that the «y-positive cells had an increased capacity for

terminal differentiation at the cellular level. In order to see whether this extended to the
morphological differentiation of the cultured cells, sections of cultured cells were prepared
and stained.
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3.9.1

Morphology of Epithelial Sheets
Cells were grown on pieces of dead, de-epidermised dermis (DEDs). Some cells

were allowed to form epithelial sheets for

1

week whereas others were allowed to grow for

2 weeks before freezing and sectioning. Sections were stained with haematoxylin and eosin
to show the morphology of the epithelium, as shown in Figure 3.19. After 1 week both
«v-positive cells and the parental cell line formed epithelial sheets. The epithlelium did not
form ordered layers but had a more dysplastic appearance. There was no difference in
appearance between those cells expressing ay and those that were «y-negative. After 2
weeks the epithelium had increased in thickness, but there was no change in morphology.
In areas of the DEDs where the surface was irregular the kératinocytes grew down into the
irregularities giving an appearance of rete ridges.
Cells were grown on Cellagen membranes and when confluent layers had formed
the cells were raised to the air-liquid interface

and grown for

1 -2

weeks to induce

stratification. Frozen sections of the cultures on Cellagen were stained with haematoxylin
and eosin to demonstrate their morphology. Figure 3.20.

Disordered layers of cells

formed, the thickness increasing with the length of time that the cells were allowed to grow
at the air-liquid interface. There were no differences between the ay-positive and

ay-

negative cells.

3.9.2 Staining of Cell Layers for Involucrin and Integrins
Frozen sections of the Cellagen cultures were examined for involucrin expression
Problems were encountered when the cultures were frozen as the cells appeared to be
very friable and extreme care had to be taken not to disrupt the delicate epithelium when
sectioning and carrying out immunochemistry.

Stained sections of all cultures were not

obtained because of the difficulties. Involucrin staining of some of the cultures is shown
in Figure 3.21a and b. Involucrin was expressed in the epithelial layers, it had a patchy
distribution and did not increase in expression towards the surface as would be the case in
normal epithelium.
Attempts were made to stain sections of the cultures on Cellagen to show ay and
ayBs expression.

Weak expression of ay was seen in the cultures of the ay-positive
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transfectants when stained with antibody 13C2 (data not shown). Very weak staining was
seen with P1F6 anti-ayBs antibody. Staining for «y and «yBs was not consistent throughout
the whole of the sheet, but was distributed in a patchy manner.

Staining of the cultures

with antibodies to «yBs is shown in Figure 3.21c.

3.10

Tumour Formation in Nude Mice
The cell line H357 originated from a well differentiated squamous cell carcinoma

(Prime et al. 1990) and is reported to be tumourigenic in nude mice. Introduction of the
«V subunit inhibited anchorage-independent growth of the cells in suspension (Figures 3.143.17), a characteristic of malignant cells. It was, therefore decided to examine the effect
of «V on the ability of the cells to form tumours in nude mice. Initially the parental cell
line was tested, but after 12 months no tumours had formed. The parental cell line and
two negative transfectants 1A4 and PRC were also tested along with a^^ positive clones
VI, V5 and V6 . None of the clones produced tumours after 12 months in any of the
animals.

3.11 Discussion
Transfection of the «y integrin subunit into the H357 cell line led to expression of
functional «yB^ on the cell surface, suppression of anchorage-independent growth and
enhanced involucrin expression, demonstrating a link between integrin loss and impaired
differentiation in neoplastic kératinocytes.
Normal, nontransformed cells will only proliferate when attached to an adhesive
substratum or extracellular matrix, adhesion which is mediated by integrins. When normal
cells are placed in suspension and the integrins on the surface are unoccupied, the cells
enter growth arrest and may undergo apoptosis (Ruoslahti and Reed 1994). However,
transformed and neoplastic cells are capable of anchorage-independent growth (Giancotti
and Ruoslahti 1990). Herzberg et al. (1996) report that transfection of the as integrin
subunit into colon carcinoma cells resulted in suppression of anchorage-independent growth.
Furthermore, the absence of «jBi is correlated with increased tumoiigenicity (Schreiner et
al. 1991). This may be correlated with loss of specific integrin receptors.
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In human kératinocytes integrin occupancy by extracellular matrix ligands
suppresses terminal differentiation and promotes proliferation, while in the absence of
bound ligand kératinocytes in suspension undergo growth arrest and terminal differentiation
(Adams and Watt 1989, Watt et al. 1993). Although vitronectin is present in skin wound
fluid it is not a component of normal basement membrane (Reilly and Nash, 1988) and the
ability of vitronectin to inhibit suspension-induced differentiation of kératinocytes has not
been investigated.

The results of the transfection of «v into H357 cells could therefore

be interpreted as follows: the absence of «y renders the cells unresponsive to the regulatory
signals transmitted through that receptor, and hence leads to uncontrolled growth and a
failure of terminal differentiation. When «y is introduced into the cells they now respond
to the absence of substratum by initiation of terminal differentiation and no longer grow in
suspension.
Increased expression of involucrin was seen with Western blotting, showing an
increase in terminal differentiation in the «y-positive cells.

However, when sections of

the cultures were stained and examined there was no difference in the morphological
differentiation of the «y-positive and «y-negative cells. This might reflect the fact that
histological appearance is not a sensitive enough method to detect subtle changes in
differentiation capacity of cultured cells.
No tumours were formed in nude mice after twelve months with any of the clones
that were tried. This is in contrast to Prime et al. (1990), who report that the parental cell
line is tumorigenic. It may be due to differences in innoculation procedures, or types of
mice used. Fridman et al. (1991) described a method for improving the growth of human
tumours in nude mice that involves mixing of the reconstituted basement membrane,
Matrigel, with cells prior to innoculation. Further work using this method might prove
successful with H357 cells.
It is interesting that the

8 5

mRNA levels were unaffected by the presence of «y

mRNA and this would argue against co-transcriptional regulation of the two integrin subunit
genes, at least in H357 cells. Jongewaard et al. (1996) reported surface expression of the
8 5

subunit in the absence of heterodimer formation, this is unusual as integrins are usually

expressed as heterodimers on the surface of cells. We did not investigate the expression
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of single B5 subunits on the H357 cells, but it would be interesting to determine whether
the B5 subunit was actually expressed.
The expression of «yfis in epithelial tumours has not been widely documented,
although we have found down regulation and focal loss of

in kératinocytes adjacent

to the stroma in poorly differentiated oral squamous cell carcinomas (Chapter 4).
addition to cxyBg, focal or extensive loss of « 2 ^ 1 »

&nd

In

is seen in poorly

differentiated oral squamous cell carcinomas. A given tumour may show loss of one or
more integrins (Jones et al. 1993) and integrin loss can coincide with loss of underlying
basement membrane components (Downer et al. 1993). This suggests that the overall
integrin profile of neoplastic kératinocytes and the composition of the surrounding
extracellular matrix are determinants of the proliferative and differentiative ability of the
cells rather than the presence or absence of any specific integrin. However, alterations in
the level of a single integrin subunit can produce changes in cell behaviour. In this case,
tty expression in H357 cells has resulted in suppression of anchorage-independent growth
and enhanced involucrin expression.
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Figure 3.1
Mean fluorescence (arbitary units, log scale) as measured by flow cytometry
of H357 parental cell line labelled with anti-integrin antibodies.
Antibody 13C2 recognises the «v subunit; HAS- 6 recognises the subunit;
VM2 recognises the « 3 subunit; mAbl6 recognises the « 5 subunit;
GoH3 recognises the
subunit; P5D2 recognises the
subunit and 3E1
recognises the B4 subunit.
Error bars represent the 95 % confidence intervals of 2 experiments.
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Figures 3.2
FACS selection of «y expressing cells in the G418-resistant clones, VI V7.
At each sort the cells expressing the highest levels of ay were selected as
indicated by the bar and grown in G418.
X axes: log fluorescence (arbitary units); y axes: counts = cell number.
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Figure 3.3
Mean fluorescence (arbitary units, log scale) as measured by flow cytometry
of «y-positive clones (V1-V7), «y-negative clones (1A4, 1C6, 1D3 and
PRC) and parental cells (PAR) labelled with anti-«y antibody, 13C2.
Error bars represent the 95% confidence intervals of 2 experiments.
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Figure 3.4
Flow cytometry profiles of the parental cell line (PAR)(a,c and e) and aypositive clone V3(b, d and f) with anti-integrin antibodies.
Antibody 13C2 recognises the «y subunit; HAS- 6 recognises the « 2 subunit;
VM2 recognises the « 3 subunit; mAbl 6 recognises the
subunit;
GoH3 recognises the
subunit; 3E1 recognises the II4 subunit and P5D2
recognises the
subunit.
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Figure 3.5
Mean fluorescence (arbitary units, log scale) as measured by flow cytometry
of cells labelled with anti-integrin antibodies. (The y axes are not the same
in all the graphs)
Antibody HAS- 6 recognises the « 2 subunit; VM2 recognises the subunit;
mAbl 6 recognises the « 5 subunit; GoH3 recognises the
subunit;
3E1 recognises the B4 subunit and P5D2 recognises the Bj subunit.
Error bars represent the 95 % confidence intervals'of 2-experiments.
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Figure 3.6
Flow cytometry of ay-positive clones V2 (a,b), V7 (c,d) and negative
transfectant 1A4 (e,f,g,h).
Antibody
Antibody
Antibody
Antibody

13C2 recognises the ocy subunit; green line in a,c,e.
P1F6 recognises the
subunit; pink line in a,c,f.
E7P6 recognises «yB^; blue line in b,d,g.
Y2/51 recognises Bg; pale pink line in b,d,h.

X axes : log fluorescence (arbitary units); y axes : counts = cell number.
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Figure 3.7
Northern Blot of total RNA isolated from ay-positive clones V2, V4, V6 ,
V7 and parental H357 cells (PAR).
a)

Blot was probed for the ay integrin subunit.

b)

Blot was probed for the

c)

Blot was probed for 18S RNA to act as a loading control

integrin subunit

The exposure times were: 2 days for B5 , 5 days for ay and 2 hours for 18S.
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Figure 3.8a
SDS-polyacrylamide gel electrophoresis of the 10 fractions of flow through
collected following elution of the heparin-Sepharose column during the
preparation of vitronectin. Samples were dialyzed, concentrated and then
run under reducing conditions on a 10% gel. Equal volumes of each fraction
were loaded.
Sample 1 was the first 10ml of flow through to be collected and sample 10
was the last.
Size markers in kDa are shown on the right.

Figure 3.8b
SDS-polyacrylamide gel electrophoresis of fractions 1+2 and 5 of
vitronectin (VN) shown in Figure 3.8a. Equal amounts of protein were
loaded as measured by a BioRad protein assay and run on a 10% gel under
reducing conditions.
Size markers in kDa are shown on the right.
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Figure 3.9
Adhesion assay on increasing concentrations of vitronectin (0.5/xg/ml,
0.75fig/ml, 1/xg/ml, 5/ig/ml and lO^g/ml) of the negative transfectant clone
1A4 and the ay positive clone VI. Cells were allowed to adhere for 1
hour. 0 represents adhesion to BSA alone.
Error bars represent the 95% confidence intervals of four wells.

Figure 3.10
Adhesion assays on increasing concentrations of vitronectin (5/^g/ml,
10/xg/ml, 20/ig/ml and 50/^g/ml) of parental cells (PAR) and «y-positive
clones (V4 and V5). Cells were allowed to adhere for 3 hours. 0
represents adhesion to BSA alone.
Error bars represent the 95 % confidence intervals of triplicate wells.
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Figure 3.11
Adhesion assays on increasing concentrations of vitronectin (5^g/ml,
10/xg/ml, 20/xg/ml and 50/xg/ml) of parental cells (PAR) and «y-positive
clones (V2 and V3). Cycloheximide was present throughout the assay. 0
represents adhesion to BSA alone. Error bars represent the 95 % confidence
intervals of triplicate wells.
a)

Cells were allowed to adhere at 37®C for Ihour.

b)

Cells were allowed to adhere at 37°C for 3 hours.
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Figure 3.12
Adhesion assay of «y-positive clones V2, V4 and V7 on 5 fig/ml vitronectin
in the presence of anti-«v (13C2) and anti-ay^s (P1F6) blocking antibodies.
Cells were allowed to adhere for 3 hours in the presence of cycloheximide.
0 represents adhesion to BSA alone.
Error bars represent the 95% confidence interval of triplicate wells.
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Figure 3.13
Growth curves for the ay-positive clones and the parental cell line.
a)

VI, V2 and PAR

b)

V3, V4 and PAR

c)

V5, V6 and PAR

d)

V7 and PAR

Cell numbers were counted every three days for 18 days.
Error bars represent the 95 % confidence intervals. Triplicate experiments
were carried out, in two experiments three dishes were counted, and in one
experiment two dishes were counted at each time point.
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Figure 3.14
Photographs of 35mm dishes stained with nitroblue tétrazolium after six
weeks growth of the cells in 0.3% agar. VI - V7 are (Xy-positive clones,
PRC and 1A4 are negative transfectant clones and PAR are the parental
cells.
Dishes are from two experiments.

VI

V6

V2

V7

V3

PAR

PRC

V5

1A4

109

Figure 3.15
Photographs of dishes stained with nitroblue tétrazolium after six weeks
growth of cells in 0.3% agar. VI - V7 are «y-positive clones, 1A4, 1D3
and PRC are negative transfectants and PAR are the parental cells.
Dishes are from three experiments.

Figure 3.16
Anchorage-independent growth, «y-positive clones (VI - V7) and negative
transfectant clone (1A4) were cultured in soft agar for six weeks.
a)

The percentage colony forming efficiency per dish after six weeks
growth in 0.8cm^ area. Only colonies that were 0.14mm or more in
diameter were recorded. Error bars represent 95% confidence
intervals of three dishes.

b)

The average size of colonies formed after six weeks growth. 1 is
equivalent to one square of the eye-piece graticule which measures
0.28mm at the magnification used for counting the colonies.

c)

The size of the largest colony recorded for each clone after six
weeks growth. 1 is equivalent to one square of the eye-piece
graticule which measures 0.28mm at the magnification used to count
the colonies.

Pictures of dishes of VI are shown in Figure 3.15
Pictures of dishes of V2 - V7 and 1A4 are shown in Figure 3.14
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Figure 3.17
Anchorage-independent growth, «y-positive clones (V3 and V4), negative
transfectant clones (PRC, 1D3 and 1C6) and parental cells (PAR) were
cultured in soft agar for six weeks.
a)

The percentage colony forming efficiency per dish after six weeks
growth in 0.8cm^ area. Only colonies that were 0.14mm or more in
diameter were recorded. Error bars represent the 95% confidence
intervals of three dishes.

b)

The average size of the colonies
formed after six weeks growth. 1
is equivalent to one square of the eye-piece graticule that which
measures 0.28mm at the magnification used for counting the colonies

c)

The size of the largest colony recorded for each clone after six
weeks growth. 1 is equivalent to one square of the eye-piece
graticule which measures 0.28mm at the magnification used to count
the colonies.

Pictures of dishes of V3, V4, PAR, 1D3 and PRC are shown in Figure 3.15

Average Colony Size

Largest Colony Formed

Percentage C olony Formation

-
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Figure 3.18
Detection of involucrin by immunoblotting. 7|ig of cell extract was loaded
per track. A single band of the expected size was detected with SY5 antiinvolucrin antibody. VI - V7 are (Xy-positive clones, PRC, 1C6, 1A4 and
1D3 are negative transfectant clones and PAR are the parental cells.
The blot was exposed for 1 minute.

VI V2

V3 V4 V5 V6 V7 PRC IC6 IA4 ID3 PAR
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Figure 3.19
Haematoxylin and eosin staining of sections of cells grown on DEDs.
a)

ay-positive clone VI grown for
Magnification x 216

1

week

b)

ay-positive clone VI grown for
Magnification x 85.7

2

weeks

c)

ay-positive clone V6 grown for 2 weeks
Magnification x 142

a

\1 »
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Figure 3.20
Haematoxylin and eosin staining of sections through confluent cultures
grown on Cellagen membranes.
a)

Parental cells
Magnification x 216

b)

(Xy-positive clone V4
Magnification x 216

c)

Negative transfectant clone 1A4, the epithelial layer is folded back
on itself, so that the mostsuperficial layers are facingeach other.
Magnification x 85.7

d)

cxy-positive clone V5
Magnification x 216
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Figure 3.21
Immunofluorescence staining of sections through confluent cultures grown
on Cellagen membranes.
a)

«v-positive clone VI stained with SY5, anti-involucrin antibody
Magnification x 178

b)

«y-positive clone V7 stained with SY5, anti-involucrin antibody
Magnification x 178

c)

«y-positive clone V5 stained with P1F6, anti-«yBg antibody
Magnification x 285

116

Integrin Expression in SCCs

Chapter 4

EXPRESSION OF a,, « , 8 ^, 83 AND 8 ^ INTEGRINS IN NORMAL
ORAL MUCOSA AND SQUAMOUS CELL CARCINOMAS
4.0

Introduction
Integrin expression in malignant tumours is known to be variable, both within

and between tumours and, with the possible exception of malignant melanomas, there
are no hard and fast rules for the expression of integrins and tumour type or behaviour.
The variations

reported include increased expression, decreased expression and

expression of integrins that are not normally present in that tissue type (Koukalis et al.
1991, Breuss et al. 1995).

Epithelial tumours such as squamous and basal cell

carcinomas of the skin (Peltonen et al.

1989, Stamp and Pignatelli 1991),

adenocarcinomas of the colon (Pignatelli et al. 1990), breast (Zutter et al. 1990,
D ’Ardenne et al. 1991, Koukalis et al. 1991), and pancreas (Hall et al. 1991) all show
altered integrin expression. Variable expression of 8 1 and 8 4 integrins in oral squamous
cell carcinomas has been reported (Jones et al. 1993), with loss of expression of « < 5 and
8 4

in poorly differentiated tumours and at the advancing edge of tumours, whereas in

some lesions there was strong expression of « 2 ,

« 3

and

subunits throughout the

tumour islands (Jones et al. 1993, Downer et al. 1993).
The expression of ocy integrins is well documented in malignant melanomas
(Albelda et al. 1990, Schadendorf et al. 1993) and

expression is linked to invasion

and metastasis (Albelda et al. 1990). The expression of «y in carcinomas is not so clear
cut, but in renal cell carcinomas the expression of «y subunit-containing integrins may
correlate with increasing malignancy (Korhenen et al. 1992). «y expression in normal
and malignant oral mucosa is not well documented. It is known, however, that «y is
expressed on normal oral epithelium, strongest expression being in a pericellular
distribution in the basal cells with expression extending into the more superficial layers
in some areas (Jones et al. 1993). Details of associated
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partners are not known, nor
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are the alterations that occur in oral squamous cell carcinomas. Recent reports suggest
that Bg expression (Breuss et al. 1995) is restricted to epithelia and is upregulated in
parallel with morphogenetic events, tumourigenesis and epithelial repair.

is present

in carcinomas of the lung, breast, pancreas, ovary, colon and skin (Breuss et al. 1995).
Bg is not present in normal oral mucosa (Breuss et al. 1995), but oral squamous cell
carcinomas and lymph node métastasés show B^ expression. Levels do not correlate
with the degree of tumour differentiation. In most cases Bg is restricted to the basal cell
layer adjacent to the stroma, and in many cases it appears to be concentrated at the
advancing edge of the tumour cell islands.
The purpose of this part of the study was to investigate the distribution of
integrins in normal oral mucosa and oral squamous cell carcinomas as «y has been
shown to play an important role in the behaviour of kératinocytes, as described in
Chapter 3, with expression being linked to differentiation capacity.
Frozen sections from 17 cases of normal buccal mucosa and 17 squamous cell
carcinomas were used, details of which are in Table 2.1 and Table 2.2. There were
sections from 5 well differentiated lesions, 7 moderately differentiated lesions and 5
poorly differentiated lesions. All sections were stained with haematoxylin and eosin to
confirm the diagnosis.

Attempts were made to quantify the results of the staining, but

it was extremely difficult due to variations within tumours and between different
tumours.

It was decided that an overall assessment of the patterns of integrin

expression would be more appropriate than numerical values.

4.1

Normal Buccal Mucosa
Within normal buccal mucosa there was faint expression of ay as demonstrated

with the pan ay antibodies 13C2 and PIIW7.

Staining was present in a pericellular

pattern, being expressed weakly throughout the basal, suprabasal and prickle cell layers.
In general the least differentiated layers of the epithelium were the most strongly
staining, with weaker expression in the more superficial layers.
normal buccal mucosa is shown in Figure 4.1a.

Staining for ay in

The epithelium stained with both

antibodies, but PIIW7 produced stronger staining than 13C2.
endothelial cells in the connective tissue stained with both antibodies.
ÏÎ8

Fibroblasts and
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Staining of

with antibody P1F6, in buccal mucosa was weak, but it was

present in the basal, suprabasal and prickle cell layers. It was present in a pericellular
distribution, but the staining was always weaker than that seen with antibodies to ay
alone. Figure 4. lb shows weak staining in the basal and immediately suprabasal cells
in buccal mucosa.
There was no expression of B3 in the epithelium of buccal mucosa. Figure 4. Ic
shows staining of buccal mucosa with an anti-B) antibody and the epithelium is negative,
but there is expression in endothelial cells in the underlying connective tissue.
Within normal buccal mucosa there was no expression of

in the epithelium,

or in the underlying connective tissue, as shown in Figure 4. Id.

4.2

Squamous Cell Carcinomas
«V was present in all of the tumours, but expression varied between and within

tumours. Stronger staining was seen with antibody PIIW7 compared to antibody 13C2.
Staining was seen in some tumour islands in a pattern mimicking that seen in normal
epithelium, that is, the strongest staining was present in those cells at the edges of the
tumour islands with expression weakening towards the more differentiated cells in the
centre of the islands. In other tumours there was strong expression of ay throughout
the whole tumour island as illustrated in Figure 4.2b.

In some tumours there was

patchy expression throughout the tumour islands that did not appear to correlate with
differentiation as shown in Figure 4.2c.

In some of the poorly differentiated tumour

islands there was loss of ay expression.

Strong expression of ay was seen in the

connective tissue stroma of the tumours, which sometimes made it difficult to compare
expression on the kératinocytes; for example, in the section shown in Figure 4.2a,
there is strong expression of ay on fibroblasts and endothelial cells.
All of the tumours examined expressed

but the staining tended to be

weaker than the staining seen with antibodies to ay alone. Variations in staining pattern
were seen in the tumours in a similar manner to those seen with ay.

In general,

staining in the poorly differentiated tumours was weaker than that seen in the
moderately and well differentiated tumours. Loss of expression was also seen in the
poorly differentiated tumours.

Figure 4.3a shows patchy and variable expression of
ÏÏ9
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«v^s, whereas Figure 4.3b shows a large area with no staining. Strong staining in the
connective tissue stroma is seen in Figure 4.3c and d, and in these sections some of the
tumour islands stain whereas others are negative.
No expression of 8 3 was detected in any of the tumours, as illustrated in Figure
4.4c and d.

Fibroblasts and other connective tissue components stained with the

antibodies.
Staining of all the tumours was seen with the antibody R6G9 against fig.

In

some cases it was very weak, but it tended to be expressed in a pericellular manner,
similar to that seen with « y No tumour showed loss of Bg. An example of a positive
tumour island is shown in Figure 4.4a, and in figure 4.4b there is patchy staining in an
area of kératinocytes. No staining was seen in the connective tissue.
Table 4.1 summarises the staining patterns seen in the squamous cell carcinomas.

4.3

Discussion
The staining in normal buccal mucosa with antibodies to ay and Bg was in

accordance with that reported previously (Jones et al. 1993, Breuss et al. 1995).
Epidermal kératinocytes are known to express ay in a heterodimer with B5 and not B3 ,
so it was to be expected that

would be expressed in oral epithelium, while B3

would be negative.
The expression patterns of ay and (XyBg integrins in squamous cell carcinomas
were similar to those described for other integrins in oral squamous cell carcinomas
(Jones et al. 1993), namely the « 2 , « 3 , a^ and B% subunits. Some tumours showed a
similar distribution to that described in normal epithelium, whereas others showed
strong expression thoughout the whole tumour and others showed patchy and variable
expression. Variations in staining intensity were seen both between tumours and within
tumours. There was loss of staining in the poorly differentiated tumours compared to
the well and moderately differentiated. The tumours showed a greater loss of staining
of ttyBs staining compared to «y, even taking in to account the lower levels of cxyBg
expression in normal oral mucosa.
ay staining was stronger than that seen with «yB^ antibodies in both the normal
mucosa and the tumours. In the tumours it would be reasonable to presume that the ay
Ï2Ô
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antibodies would elicit stronger staining as they would recognise «y associated with both
B5 and 15(5. However, no Bg was detected in the normal mucosa, and the only subunit
detected that could form heterodimers with ofy was B5 . Bj is capable of associating with
«V and is present in normal oral mucosa, but it does not form heterodimers with «y in
kératinocytes (Adams and Watt 1991). An explanation for the differences in staining
could be differences in antibody affinities, or a subunit that is unknown at the present
time.
Bg was not detected in normal oral epithelium but was present in all of the
tumours examined, which is in accordance with the work of Breuss et al. (1995). There
was no correlation between Bg expression and differentiation. Breuss et al. (1995) also
report a concentration of B^ at the advancing edges of tumours, but this was not seen
in this study. The upregulation of B^ in oral squamous cell carcinomas may point to a
role for Bg in the malignant behaviour of kératinocytes.
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Table 4.1 Expression of «y and «yOg in SCCs

Tumour

«V

ttv

1 WD

++

N

4-

L

2 WD

+

L

4-

L

3 WD

++

N

4-4-

N

4 WD

++

N

4-

P

5 WD

++

N

4-4-

N

6M D

+ -H -

P

4-

P

7M D

++

N

4-

L

8M D

-H-

N

4-

P

9 MD

-H-

N

4-4-

P

10 MD

+

P

4-4-

P

11 MD

++

N

4-4-

N

12 MD

4-4-

N

4-

P

13 PD

4-

P

-

N/A

14 PD

4-4-

N

4-

L

15 PD

4-4-4-

N

4-4-

P

16 PD

4-

L

4-

L

17 PD

4-4-

N

4-

P

Key

Intensity

Distribution

negative

N

normal

+

weak

P

patchy ioss< 50%

++
+++

moderate
strong

L

extensive loss > 50%

N/A

not applicable
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Differentiation of SCC
WD
well
MD
moderately
PD
poorly

Figure 4.1
Staining of normal buccal mucosa with anti-integrin antibodies
a)

PIIW7 anti-Q!v
Magnification x 270

b)

P1F6 anti-tty^s
Magnification x 270

c)

Y2/51 anti-B)
Magnification x 270

d)

R6G9 anti-136
Magnification x 270
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Figure 4.2
«V staining of oral squamous cell carcinomas
a)

13C2 staining of a well differentiated SCC showing moderate
staining of kératinocytes and strong staining in the connective tissue.
The tumour island is outlined with arrowheads.
Magnification x 270

b)

PIIW7 staining of a moderately differentiated SCC showing
strong staining.
Magnification x 270

c)

13C2 staining of a poorly differentiated SCC showing patchy
staining. Arrowhead points to strong staining and the asterisk
denotes loss of staining.
Magnification x 270
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Figure 4.3
ojyBs staining in oral squamous cell carcinomas
a)

P1F6 staining of a moderately differentiated SCC showing weak and
patchy staining.
Magnification x 270

b)

P1F6 staining of a moderately differentiated SCC showing
strong staining in the connective tissue stroma (denoted by an
asterisk) and weak staining in the kératinocytes.
Magnification x 107

c)

P1F6 staining in a well differentiated SCC showing tumour islands
with areas of loss of staining (denoted by asterisks) and other islands
with of weak staining of the kératinocytes (denoted by arrowheads).
The stroma of the tumour is strongly positive.
Magnification x 107

d)

P1F6 staining in a poorly differentiated SCC showing weak
keratinocyte staining.
Magnification x 107
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Figure 4.4
Staining of oral squamous cell carcinomas with antibodies to 133:Y2/51 and
B6:R6G9
a)

Bg staining of well differentiated SCC showing weak staining of the
kératinocytes.
Magnification x 107

b)

Bg staining of poorly differentiated SCC showing patchy staining of
the kératinocytes.
Magnification x 107

c)

B3 staining of a moderately differentiated SCC showing no
staining of kératinocytes
Magnification x 107

d)

B3 staining of a poorly differentiated SCC showing staining in the
connective tissue stroma (denoted by asterisks), but not in the
kératinocytes.
44
Magnification x 107
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Chapter 5

B4 TRANSFECTION INTO H376 CELLS

5.0

Introduction
The B4 subunit is only capable of forming heterodimers with the

whereas

subunit,

is capable of forming heterodimers with 151 and B4 , but it appears that when

a cell synthesizes both subunits

preferentially associates with B4 (Giancotti et al. 1992).

Three variant forms of B4 exist, B4 A, B4 B and B4 C, that probably arise from alternative
splicing of the B4 mRNA. The B4 Aform is the most commonly found (Suzuki and Naitoh
1990).
CK6 B4 is a receptor for several laminin isoforms, LN l, 2, 4 and 5 (Niessen et al.
1994, Spinardi et al. 1995), and it is localised to hemidesmosomes (Stepp et al. 1990,
Sonnenberg et al. 1991, Jones et al. 1991). B4 is unique in that it has a cytoplasmic tail
composed of about 1000 amino acids (Hogervorst et al. 1990), compared with
approximately 50 amino acids in other integrins, and it is the only integrin to form links
with the intermediate filament network of the cell rather than the actin cytoskeleton. A
critical function of the B4 cytoplasmic tail is to localise the

integrin to

hemidesmosomes (Spinardi et al. 1993).
Stratified epithelia and cultured kératinocytes adhering to basement membrane
substrates express o!6 B4 (DeLuca et al. 1990, Marchisio et al. 1991, Jones et al. 1993).
Within carcinomas, expression of « < ^ 4 is altered: some workers have reported increases
in agB4 expression in oral carcinomas (Carey et al. 1987, Wolf et al. 1990) although
within breast and oral carcinomas there are also reports of loss of expression (D’Ardenne
et al. 1991, Koukoulis et al. 1991, Jones et al. 1992, Natali et al. 1992, Jones et al.
1993, Downer et al. 1993). In fact loss of « 6 ^ 4 in oral squamous cell carcinomas is
greatest at the advancing edge of the tumours and in the poorly differentiated lesions
(Jones et al. 1993).
The H376 cell line (Prime et al. 1990) with a low surface level of B4 expression
provided an ideal way to investigate the role of the B4 subunit in the behaviour of
Î27
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malignant kératinocytes.

5.1

Transfection of H376 cells with the B4 Integrin Subunit
H376 cells have a low level of surface expression of the

integrin subunit as

shown by flow cytometry (see Figure 5.1; Sugiyama et al. 1993). An expression vector
was introduced into the cells using a calcium phosphate transfection method by Masaru
Sugiyama. G418-resistant clones were screened for expression of B4 by flow cytometry.

5.2

Cloning and Selection of B4 Positive Clones
Five clones, named B3, B5, B6 , B7 and B8 were analysed. At the first sort the

number of cells expressing

8 4

was very low in clones B3, B5 and B7, whereas in clones

B6 and B8 there was an increase in the proportion of cells expressing

8 4

. The top 5-

10% of positive cells were collected by FACS in the low expressing clones and 10-25%
were collected in clones B6 and B8 (Figure 5.2), grown to confluence and sorted
again. The bars labelled M in the sort profiles in Figure 5.2 represent the cells that
were collected from each sort. This procedure of collecting the top

expressing cells

8 4

and growing them to confluence was repeated three times, after which time a substantial
level of expression of

8 4

on the cell surface was seen in 3 of the clones, B3, B5 and B6

(Figure 5.2). The clone B7 showed strongest

8 4

expression at sorts 2 and 3, and then

the expression levels dropped (Figure 5.2). A similar reduction in

8 4

expression was

seen in clone B8 after the second sort (Figure 5.2). All 5 clones were sorted 4 times,
resulting in stable

8 4

expression (see Section 5.4).

Initial sorts were carried out by

Masaru Sugiyama and David Hudson, but after sort 3 of clones B3 - B6 , sort 2 of
clone B7 and sort 1 of clone B8 all further sorting was performed as part of this
project.
4 mock transfected clones, 1A2, 1A3, 1B5 and 1C2, were also produced and
were used as negative controls along with the parental cell line.

5.3

DNA Fingerprinting
P r e v i o u s

a t t e m

p t s

t o

s o r t

t h e

8 4

e x p r e s s i n g
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c l o n e s

h a d

r e s u l t e d

i n

c o n t a m

i n a t i o n
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with other cell types that had been sorted on the cell sorter in the same session. In
order to determine that all the clones originated from the same source, DNA
fingerprinting was carried out by the Cell Production Unit at ICRF.

DNA was

collected from the 5 positive clones and "fingerprinted" by the department at ICRF.
As shown in Figure 5.3 all the clones had the same origin.

5.4
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cytometry profiles for clone B6 and the parental cell line are shown in Figure 5.6.
Figure 5.7 shows the mean fluorescence value of clone B6 and the parental cells, along
with B5 and a negative transfectant 1A3 stained with anti-integrin antibodies. Results
are from one single FACS run, but are representative of others. Transfection of the B4
subunit did not alter the level of other integrin subunits, apart from

5.6

Immunoprécipitation
Immunoprécipitations were carried out with antibodies to

(GoH3), B4 (AA3

and 3E1), and ilj (P5D2) on lysates of B^-positive transfectants, parental cells and
normal epidermal kératinocytes (Figure 5.8 and data not shown).

The «g and B4

antibodies precipitated proteins of apparent molecular weight 180kDa-200kDa
corresponding to the 8 4 subunit (Kaiji et al. 1989, Sonnenberg et al. 1990) and 120kDa,
corresponding to the «g subunit, in the normal kératinocytes and the B4 -positive
transfectants. The proteins were more abundant in the normal kératinocytes than in the
transfectants (data not shown). Stronger bands were seen with anti-B4 antibodies in
clone B6 than B3. A band of approximately 160kDa was seen with antibodies to «g and
8 4

, which may be a proteolytic fragment of the

proteolytic fragments of the

8 4

8 4

subunit. Hemler et al. (1989) noted

subunit of 165kDa and 125kDa following

immunoprécipitation with the GoH3 antibody. Antibody P5D2 against
a band of 120kDa, which corresponds to the

81

8 1

precipitated

subunit, as well as a band of about

160kDa which corresponds to a integrin subunits that associate with 8 ^. There was no
evidence of «g being associated with 8 ^ in the parental cells. Further investigations into
the expression of the

« g ,

8 4

and

8 j

integrin subunits by Northern Blotting would be

informative, as the immunoprécipitations revealed very faint bands, making
interpretation of the results difficult.

5.7

Immunofluorescence Staining of Integrins and Vinculin
ttg8 4 /Bullous Pemphigoid Antigen are components of

stable anchoring

complexes, known as SACs, present on the basal surface of epithelial cells in culture
that are distinct from focal adhesions and are believed to be immature hemidesmosomes
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(Carter et al. 1990b).

When cells have been growing in culture for a few days and

have secreted their own extracellular matrix

is seen in large polymorphic contacts,

which are similar to hemidesmosomes in skin and mucosa (Carter et al. (1990b); Figure
5.9a and b). « 6 ^ 4 in these contacts does not associate with the actin cytokeleton, but
with keratin filaments and hence are absent from the leading edges of migrating cells
(Carter et al. 1990b). To determine whether transfection of

into the H376 cells

enabled the cells to form SACs, staining of cells cultured on coverslips for at least 2
days

was

performed.

Cells

were

fixed and

permeabilised

using

3.7%

formaldehyde/0.4 % Triton X-1(X) before staining so that integrin subunits on the basal
cell surface could also be visualised. Staining of

« 3 8 1

integrin and vinculin was also

performed to show focal adhesions, so that the different adhesion complexes in the cells
could be visualised (Figure 5.9 and 5.10).
In the parental cells and the negative transfectants there was a low level of B4
expression. Staining with antibodies to B4 revealed very faint and patchy expression
(Figure 5 .lOd). A similar pattern was seen with an antibody to ol^ (Figure 5 .10c). 154positive transfectants stained with antibodies to
their expression of

6 4 ,

but the expression was very weak,

was stronger than that of B4 , but this may be due to differences

in the affinities of the antibodies (Figure 5.9d, 5.10e and f). The distribution of the
integrin subunits was different: positive transfectants did not show the same patchy
staining, but a more diffuse pattern. It was not possible to see distinct SACs in the 1 5 4 positive transfectants, in contrast to those present in normal epidermal kératinocytes.
154

-positive transfectants, negative transfectants,

kératinocytes all stained strongly with antibodies to

« 3

parental cells and normal

(VM2), 15^ (P5D2) and vinculin

(vin-11-5) (Figure 5.9c, 5.10a and b).

5.8

Adhesiveness of

8 4

Transfectants

Laminin 1 is a ligand for the

integrin (Niessen et al. 1994, Karecla et al.

1994), although it is not as efficient as laminin 5 in promoting adhesion of normal
kératinocytes (Rouselle and Aumailley 1994). Kératinocytes are also able to use « 2 ^ 1
and « 3 1 5 1 as receptors for laminin 1 (Karecla et al. 1994, Carter et al. 1990a). Adhesion
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assays were carried out to determine whether the 1^4 expressed on the cell surface was
a functional receptor.

5.9.1 Adhesion to Laminin 1
Initial adhesion assays were carried out to determine the optimal conditions for
adhesion of the H376 cells. Non-specific adhesion was blocked by coating the wells
with heat-denatured bovine serum albumin (BSA) for 1 hour at 37°C.
Initially cells were allowed to adhere for 1 and 3 hours to a range of
concentrations (2jLtg/ml, 5/xg/ml, lOjug/ml and 25/xg/ml) o f laminin 1 (Sigma Chemical
Co.). There was an increase in the amount of adhesion in the ^4-positive transfectants
with increasing concentration of laminin 1 substrate, and this was evident after 1 hour
and showed no increase after a further 2 hours (data not shown). The parental cells
also adhered to laminin 1, but not to the same extent as the 134-positive transfectants.
This would be expected, as the cells express the «afij integrin which is also a laminin
1 receptor. Figure 5.11 shows adhesion of the V positive clones B3 and B6 and the
parental cells on laminin 1 for 1 hour.
Attempts were made to block the adhesion to laminin 1 with GoH3 antibody to
the «6 integrin subunit (data not shown). However, this proved unsuccesful, which may
have been due to the function of the cxgBi integrin on the cells, or because the interaction
of «664 with laminin 1 is of such a high affinity that the antibodies were unable to block
adhesion (Sonnenberg et al. 1993).

5.8.2 Adhesion to Laminin 5 (Kalinin)
Rouselle and Aumailley (1994) found that laminin 5 is a better substrate than
laminin 1 for adhesion of kératinocytes, and so adhesion assays were tried on laminin
5, to see if there was a difference between the 154-positive and the 154-negative cells.
Laminin 5 was not available commercially when the experiments were started
so it was necessary to produce our own protein.

Epithelial cells growing in culture

produce laminin 5 which is part of the anchoring filaments present at the basement
membrane zone (Rouselle et al. 1991). Cultured kératinocytes deposit laminin 5 in a
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uniform pattern on their substrate; it is not only restricted to areas beneath what appear
in culture to be immature hemidesmosomes (Rouselle et al. 1991). Various methods
of production of laminin 5 have been reported (Carter et al. 1990b, Rouselle et al.
1991, R. Burgeson - personal communication).
To produce laminin 5, normal human kératinocytes were cultured (as described
in Section 2.1.1) in 96 well plates until they were confluent and then the kératinocytes
were removed. Two methods of laminin 5 preparation were tried in the first instance.
One involved removing the cells with 0.05 % trypsin and the other removing them with
a detergent-based buffer (Rouselle et al. 1991). These methods will be referred to as
the Trypsin Method and the Rouselle Method in the forthcoming text. The plates were
blocked with BSA after coating with laminin 5 and adhesion assays performed.
« 6 6 4

is not the only integrin capable of binding to laminin 5; ajBi is also capable

of mediating adhesion to laminin 5 (Carter et al. 1991). Adhesion mediated by ajBj is
energy-dependent as it requires polymerisation of the actin cytoskeleton, whereas that
mediated by
mediated by

« ^ ^ 4

« ^ ^ 4

does not (Sonnenberg et al. 1993). To distinguish the adhesion
from that of « 3 8 1 , adhesion assays were carried out at 4°C and 37®C,

adhesion at 4®C being energy-independent (W. Carter-personal communication).
At 37®C both the parental cells and the

8 4

-positive clones showed greater

adhesion to the laminin 5 prepared by the Rouselle Method compared to the Trypsin
Method. At 4°C the cells adhered slightly more strongly to the laminin 5 prepared by
the Trypsin Method. Attempts were made to block the adhesion with antibodies GoH3
to « 6 , and P5D2 to

8 1

. Minimal inhibition of adhesion was seen with GoH3 and P5D2

on the Rouselle Method laminin 5, whereas some inhibition was seen with these
antibodies on the Trypsin Method laminin 5.

Results of these adhesion assays are

shown in Figure 5.12.
Due to the high levels of adhesion achieved with the preparation of laminin 5
with the Rouselle Method
prepared in this way.

further adhesion assays were carried out on laminin 5

At 37°C there was a high level of adhesion to laminin 5 in both

the parental cell line and the 8 4 -positive clones. Blocking with anti-ag antibody; (GoH3)
had a slight effect at 37°C, but the cells were still able to adhere, probably via Œ3 8 1 .
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At 4°C adhesion to laminin 5 was reduced in the parental and the B^-positive clones,
but not to the extent that other workers have reported (Carter et al. 1996). The anti-a^
antibody again had a minimal effect on the adhesion of the cells, Figure 5.13.
Reduction in temperature failed to give consistent inhibition of

« 3 6 1

mediated

adhesion (Figure 5.13) and so chemical agents were also tried to inhibit cell metabolism
and actin polymerisation and therefore distinguish between

and cKgili mediated

adhesion. Ijng/ml cytochalasin D with 50mM deoxyglucose/0.5% azide (Sonnenberg
et al. 1993) which inhibits polymerisation of the actin cytoskeleton and metabolism was
added to the cells to prevent «gBimediated adhesion.
l^g/ml cytochalasin D and 50mM deoxyglucose with 0.5% azide inhibited
adhesion to Rouselle Method laminin 5 of the parental cells, h^-positive transfectant
clone B7 and normal epidermal kératinocytes, but the effect was more pronounced in
the parental cells and the B7 clone than in normal kératinocytes (Figure 5.14). Anti-fii
antibody, P5D2 partially blocked adhesion of the cells to laminin 5, Figure (5.14).
Consistent reduction in adhesion was not produced with GoH3, a blocking
antibody to a^. Wells were coated with laminin 5 by kératinocytes cultured in the wells
and so there was no way to ensure that the same amount of laminin 5 was deposited on
each well; another method of producing laminin 5 was therefore tried.

This is based

on the method of Burgeson (personal communication) and involves allowing cultured
kératinocytes to secrete laminin 5; the cells then are removed from the laminin 5 as a
sheet following incubation with EDTA and the remaining extracellular matrix on the
culture dish is solubilised in RIPA buffer (Appendix 1.6).

The solubilised protein is

then run on a SDS-polyacylamide gel to determine its composition, and a protein assay
carried out to determine the quantity of protein present.
The laminin 5 prepared in this way was coated onto 96 well plates at 4°C
overnight and adhesion assays were carried out. This method was used to standardise
the amounts of laminin 5 coating each of the wells. Initial problems were encountered
as the solubilised laminin 5 produced was contaminated with other proteins. To ensure
that proteins were not derived from the FCS in the culture medium, cells were grown
to confluence in normal FAD + FCS -f HIGH media and then the media was replaced
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by serum-free media for 48 hours before the laminin 5 was collected. Figure 5.15
shows the SDS-PAGE gel of the protein collected from the keratinocyte cultures. The
RIPA buffer itself contains BSA, which is the major band in the preparation.

To

overcome this problem laminin 5 was harvested using RIPA buffer without the BSA.
The resulting protein was run on a

6

% SDS-polyacrylamide gel to determine its

composition, and the large band was no longer present (data not shown).
Figure 5.16 shows the result of an adhesion assay on laminin 5 prepared in this
way in the presence of metabolic inhibitors and GoH3 antibody.

A much lower level

of adhesion of B^-positive cells, negative transfectants was achieved with the laminin
5 produced in this way, compared to other preparations.

Adhesion was partially

blocked with the metabolic inhibitors, but no further blocking was achieved with the
GoH3 antibody. In contrast, the normal kératinocytes showed no increase in adhesion
to the laminin 5 compared to BSA, and the metabolic inhibitors failed to block
adhesion.
Expression of B4 increased adhesion to laminin 1, but only increased adhesion
to laminin 5 produced by the Burgeson Method with serum-free RIPA buffer.

It is

necessary to carry out further assays on purified laminin 5 before any firm conclusions
on the effect of B4 on adhesion of H376 cells can be drawn.

5.9

Motility of IÎ4 Transfectants
(X6 B4 -containing SACs, as the name suggests, have an anchoring function and are

only present in non-motile cells, whereas cxgBrContaining focal adhesions are present in
migrating kératinocytes (Carter et al. 1990b).

134

-positive clones, a negative transfectant

(1A2) and the parental cell line were used in a motility assay to determine whether
transfection of the B4 integrin subunit had an effect on cell motility. Cells were plated
in 35mm dishes and the dishes time lapse video recorded for 40 hours with frames
being taken every 3 minutes. 50 cells in each field were tracked and the distance
travelled and speed of movement recorded for each cell. Table 5.1 shows the results
of the assay, and Figure 5.17 shows traces of 4 cells from each cell line investigated.
Figure 5.18 shows the quantified data from Table 5.1.
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The parental cells moved further and faster than all the other cell lines and their
cell membranes appeared to ruffle more. The two B^-positive transfectant clones, B3
and B6 moved less than the parental cell line, but B6 moved nearly as fast as 1A2, a
negative transfectant.

Table 5.1

Data from Motility Assay

Clone

PAR

1A2

B3

B6

Mean Distance

457.1jum

328.9pim

174.9/im

296.3/xm

± SD

± 210.5

± 164.4

± 99.5

± 180.8

Mean Speed

11.4/xm/hr

8

4.49/xm/hr

7.6/im/hr

± SD

± 5.3

± 4.1

± 2.48

± 4.38

5.10

.2 /im/hr

Growth of O4 Transfectants

5.10.1

Growth on Tissue Culture Plastic
The growth rates of the parental cells, the B4 positive clones and the negative

transfectants were compared on tissue culture plastic. Experiments were repeated three
times for the clones but there was some variation in the growth rate between
experiments. B4 expression appeared to have no consistent effect on the growth of
the clones.

Figure 5.19 a-d show the growth rates of the ^4 -positive clones, the

8 4

-

negative transfectants and the parental cell line. The expression of B4 did not appear
to have a consistent effect on the growth rate of the cells.

5.10.2

Growth in Suspension
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The anchorage-independent growth of the clones was investigated by growing
the clones in 0.3% agar for

6

weeks after which time the number and size of the

colonies formed were recorded in triplicate dishes. Only colonies larger than 140^m
in diameter were scored.

4 different experiments were carried out as illustrated in

Table 5.2, and results from three of these experiments are shown graphically in Figures
5.20-22. Variable results were obtained from the different experiments, and expression
of

had no consistent effect on the growth of the cells in suspension. The colony

forming efficiency of the B^-positive clones varied from below 1% to greater than 40%,
and the B^-negative cells varied from below 5% to over 40%. The colonies that were
formed were smaller than those formed by the H357 cells (Chapter 3).

Table 5.2

Clones Included in Suspension Assays

Clone

B3

B5

B6

B7

B8

PAR

1A2

1A3

1C2

Assay 1

+

-k

4-

4-

4-

4-

4-

4-

4-

Assay 2

-

4-

-

-

-

4-

-

4-

4-

Assay 3

-1-

-

-

-

-

4-

-

4-

-\-

Assay 4

-

-1-

4-

-

-

4-

-

-

-

-I- denotes experiment done
- denotes experiment not done
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5.11

Differentiation of

84

Transfectants

H376 cells are known to express very low levels of involucrin (Sugiyama et al.
1993), indicative of a low level of differentiation. To determine whether expression of
the B4 subunit had any effect on the ability of the cells to differentiate immunoblotting
with anti-involucrin was carried out. Protein extracts from normal oral kératinocytes
were used as positive controls. No involucrin was detected in either the parental cell
line, negative transfectants or in the B^-positive transfectants. The increased expression
of B4 had no effect on capacity for differentiation in H376 cells, as shown in Figure
5.23.

5.12

Discussion
In oral squamous cell carcinomas there is loss of

and

6 4

at the advancing

edges of tumours and loss is greatest in the most poorly differentiated lesions (Jones et
al. 1993). Other workers have reported loss of polarity of <x^ and R4 at the advancing
edge of squamous cell carcinomas (Rossen et al. 1994). This loss of af,R^ expression
may be linked to the malignant behaviour of the cells, and transfection of B4 into H376
cells provided an ideal opportunity to investigate the role of B4 in the malignant
behaviour of these cells.
H376 cells have a low level of surface expression of the B4 subunit and
transfection of the

8 4

subunit into the H376 cells resulted in an increase in

« 5 6 4

expression as measured by F ACS, although the level was still less than that expressed
by normal kératinocytes (Sugiyama et al. 1993).
in normal cultured kératinocytes is found in SACs; however, there was no
evidence of the

« 6 6 4

being expressed in SACs when the transfected cells were stained

with anti-a^ and anti-Jl4 antibodies, although the cells did express other adhesion
complexes such as focal adhesions. The inability of the transfectants to form SACs may
be due to the low level of expression of « 6 8 4 on the cell surface. Alternatively it may
be associated with the general phenotype of the H376 carcinoma cell line, for example,
they may lack other accessory proteins such as BPAG-1 (Stanley et al. 1981) and
therefore be unable to form SACs. SACs are present in nonmotile kératinocytes in
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culture, and are thought to actually restrict the migration of cells on extracellular matrix
(Carter et al. 1990b). There did appear to be a difference in the motility of the B4 positive and negative cells, which implies a role for the transfected B4 in anchorage, but
further experiments examining all of the clones are necessary to confirm these
conclusions.
The

«6154

expressed on the cells acted as a functional receptor in that it enabled

the cells to adhere to laminin 1. Results of the adhesion assays on laminin 5 were
variable, which probably reflects problems in the preparation of the protein. Initial
inconsistencies could have been due to the inability to standardise the amount of laminin
5 in the wells. Attempts to overcome this by purifying laminin 5 and coating wells with
equal amounts of protein were complicated by contamination of the laminin 5 with other
proteins.

Western Blotting with anti-laminin 5 antibodies would help to determine the

purity of the laminin 5 purified from keratinocyte cultures, and would be necessary
before further adhesion assays were carried out.

Other workers have reported

difficulties in preparing and handling laminin 5 (V. Quaranta-personnal communication)
and as such other methods for coating surfaces with laminin 5 are being derived. A
better understanding of the adhesion of the ^4 -positive and ^4 -negative cells may be
gained from further adhesion assays on purified laminin 5.
Bj integrin occupancy by extracellular ligands in kératinocytes is known to
suppress terminal differentiation and promote proliferation (Adams and Watt 1989, Watt
et al. 1993). No link between the B4 integrin subunit and differentiation or proliferation
was seen. There was no increase in involucrin expression in the B4 -positive clones
compared to the parental cell line. The parental cell line did not exhibit a high colony
forming efficiency when grown in suspension; there was no further reduction when the
cells expressed B4 and there was no effect on growth on tissue culture plastic.
In conclusion, expression of B4 did not greatly alter any of the characteristics of
the cells that were investigated with the possible exception of migration.
interesting as the changes in

« 6 8 4

This is

expression in tumours in vivo imply an important role

for B4 in the behaviour of malignant cells. Alterations in behaviour might have been
seen if the level of expression of B4 by the cells was higher, ay and B% integrins are
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involved in signaling (Adams and Watt 1989, Chapter 3) whereas

8 4

may play a purely

structural role. This may account for the different behaviour of the H357 and H376
cells following transfection of the integrin subunits.
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Figure 5.1
Mean fluorescence (arbitary units, log scale) as measured by flow cytometry
of H376 parental cell line labelled with anti-integrin antibodies.
Antibody HAS- 6 recognises the « 2 subunit; VM2 recognises the « 3 subunit;
GoH3 recognises the
subunit; P5D2 recognises the 151 subunit and 3E1
recognises the 8 4 subunit.
Results are from a single experiment.
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Figure 5.2
FACS selection of B4 expressing cells in the G418-resistant clones, B3, B5 B8 .
At each sort the cells expressing the highest levels of
indicated by the bar and grown in G418.

8 4

were selected as

B5 sort 2 data is not available due to computer error.
X axes: log fluorescence (arbitary units); y axes: counts = cell number.
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Figure 5.3
DNA fingerprinting of B^-positive clones B3-B8.

B3

147

B5

B6

B7

B8

Figure 5.4
Mean fluorescence (arbitary units, log scale) as measured by flow cytometry
of cells.
a)

labelled with anti-B^ antibody, 3E1.

b)

labelled with anti-a^ antibody, GoH3.

Results are from a single experiment.
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Figure 5.5
Flow cytometry profiles of the B^-positive clones B3(a and b) and B6 (c and
d), and the negative transfectant clone, lA2(e and f).
Antibody 3E1 recognised the B4 subunit; pink line.
Antibody GoH3 recognises the
subunit; dark blue line.
Antibody P5D2 recognises the Bi subunit; pale blue line.
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Figure 5.6
Flow cytometry profiles of the parental cell line, PAR(a and b); and the B4 positive clone B6 (c and d) with anti-integrin antibodies.
Antibody
Antibody
Antibody
Antibody
Antibody

3E1 recognised the B4 subunit; pink line.
P5D2 recognises the
subunit; pale blue line.
HAS- 6 recognises the « 2 subunit; bright pink line.
VM2 recognises the « 3 subunit; bright blue line.
GoH3 recognises the « 6 subunit; dark blue line.
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Figure 5.7
Mean fluorescence (arbitary units, log scale) as measured by flow cytometry
of B^-positive transfectant clones B5 and B6 , negative transfectant clone 1A3
and the parental cell line (PAR) labelled with anti-integrin antibodies. The
y axes are not the same on all the graphs.
Antibody HAS- 6 recognises the « 2 subunit; VM2 recognises the subunit;
GoH3 recognises the
subunit; 3E1 recognises the B4 subunit and P5D2
recognises the Bi subunit.
Results are from a single experiment.
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Figure 5.8
Immunoprécipitation of ^^S-cysteineand methionine labelled lysates from 8 4 positive clones B3 and B6 , parental cell line (PAR). Samples were run
reduced with 10% B mercaptoethanol on a 7.5% SDS-polyacrylamide gel.
Antibody GoH3 recognises the
subunit; 3E1 recognises the B4 subunit
and P5D2 recognises the B, subunit.
The double arrowhead marks the position of the B4 subunit, approximately
2(X)kDa, the open circle marks proteolytic fragments of B4 , and the spot
marks the position of the subunit. The B^ band of approximately 1201d)a
is marked by an arrowhead, the asterisk marks the position of the a
subunits associated with Bi, around 160kDa.
Positions of molecular weight standards (kDa) are shown on the right.
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Figure 5.9
Immunofluorescence staining of normal kératinocytes (kq) and B^-positive
transfectant clone B3 grown on coverslips, with antibodies to B4 (3E1), « 3
(VM2) and
(GoH3).
Cells were fixed and permeabilised prior to staining.
a)

kq stained with anti-B^ antibodies
Magnification x 1178

b)

kq stained with anti-a^ antibodies
Magnification x 1178

c)

kq stained with anti-ag antibodies
Magnification x 1178

d)

B3 stained with anti-a^ antibodies
Magnification x 1178

I S3

Figure 5.10
Immunofluorescence staining of B^-positive clones B3 and B6, parental cell
line (PAR) and normal epidermal kératinocytes, kq, grown on coverslips,
with anti-integrin and anti-vinculin antibodies.
Cells were fixed and permeabilized prior to staining.
a)

kq stained with vin-11-5 to vinculin.
Magnification x 892

b)

B3 stained with vin-11-5 to vinculin.
Magnification x 892

c)

PAR stained with GoH3, anti-a^ antibody.
Magnification x 892

d)

PAR stained with 3E1, anti-B^ antibody.
Magnification x 892

e)

B6 stained with GoH3, anti-a^ antibody.
Magnification x 892

f)

B6 stained with 3E1, anti-B^ antibody.
Magnification x 892

154

Figure 5.11
Adhesion assay on increasing concentrations of laminin 1 (5/xg/ml, 10/xg/ml
and 25/xg/ml) of the parental cell line, PAR and the B^-positive clones B3
and B6. Cells were allowed to adhere for 1 hour in the prescence of
cycloheximide.
Error bars represent the 95% confidence intervals of of triplicate wells.
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Figure 5.12
Adhesion assay on laminin 5 prepared by the Trypsin method, (labelled
Trypsin), and by the Rouselle Method (labelled Rouselle). Cells were
allowed to adhere for 1 hour at 37 °C and 4°C in the presence of anti-a^
(GoH3) and anti-Bj (P5D2) blocking antibodies. Cycloheximide was
present throughout the assay.
a)

Adhesion of the parental cell line, PAR.

b)

Adhesion of the B^-positive clone, B6.

Error bars represent the 95% confidence intervals of duplicate wells.
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Figure 5.13
Adhesion assay on laminin 5 prepared by the Rouselle Method of the
parental cell line, PAR and B^-positive clones B3 and B7 in the presence of
anti-ttg blocking antibodies (GoH3). Cells were allowed to adhere for 1
hour and at 4°C and 37°C. Cyclohexmide was present throughout the assay.
Error bars represent the 95% confidence intervals of triplicate wells.

Figure 5.14
Adhesion assay on laminin 5 prepared by the Rouselle Method of the
parental cell line, PAR; B^-postive clone B7 and normal epidermal
kératinocytes, kq. Cells were allowed to adhere for 1 hour at 37°C in the
presence of anti-Bj (P5D2 )blocking antibodies. Metabolic inhibitors were
used, ICD represents l/-ig/ml cytochalasin D, DG represents 50mM
deoxyglucose with 0.05% azide.
Error bars represent the 95 % confidence intervals of duplicate wells.
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Figure 5.15
SDS-poIyacrlamide gel electrophoresis of the protein collected from the
culture plates of epidermal kératinocytes (kk and kq) and foetal calf serum
used in culture medium (serum). Samples were dialyzed and run non
reduced on a 10% gel. The arrowhead represents the approximate position
of the laminin 5 chains.
Size markers in kDa are shown to the right.
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Figure 5.16
Adhesion assay on laminin 5 prepared by the Burgeson Method of negative
transfectant, 1B5; B^-positive clone, B6 and normal epidermal kératinocytes,
kq, in the presence of anti-a^ (GoH3) blocking antibodies at 37°C. l^g/ml
cytochalasin D and 50mM deoxyglucose with 0.05% azide were used as
metabolic inhibitors, denoted by MI. 0 represents adhesion to BSA alone.
Error bars represent the 95% confidence intervals of triplicate wells.
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Figure 5.17
Traces of movement of cells over a 40 hour period on tissue culture plastic.
A frame was recorded every 3 minutes. Bar represents 500/^m.
a)

4 cells fromthe parental cell line, PAR.

b)

4 individual cells from negative transfectant clone 1A2.

c)

4 individual cells from B^-positive clone B3.

d)

4 individual cells from A^-positive clone B6.
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Figure 5.18
Motility assay of B^-positive clones, (B3 and B6), negative transfectant,
(1A2) and parental cell line (PAR) on tissue culture plastic.
Error bars represent the 95 % confidence intervals of 50 cells.
a)

Mean speed of 50 cells over a 40 hour period.

b)

Mean distance travelled by 50 cells over a 40 hour period.
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Figure 5.19
Growth curves for the B^-positive clones, negative transfectants and the
parental cell line.
a)

B3, B5 and PAR

b)

B6, B7 and PAR

c)

B8 and PAR

d)

1C2, 1A3 and PAR

Cell numbers were counted every three days for 18 days.
Error bars represent the 95 % confidence intervals of triplicate experiments
of duplicate and triplicate dishes.
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Figure 5.20
Anchorage independent growth.
B^-positive clone, B3; negative
transfectants, 1A3 and 1C2 and the parental cell line, PAR were cultured
in soft agar for six weeks.
a)

The percentage colony forming efficiency per dish after six weeks
growth in O.Scm^ area. Only colonies that were 0.14mm or more
in diameter were recorded. Error bars represent the 95 % confidence
intervals of three dishes.

b)

The average size of colonies formed after six weeks growth. 1 is
equivalent to one square of the eye-piece graticule which measures
0.28mm at the magnification used for counting the colonies.

c)

The size of the largest colony for each clone after six weeks growth.
1 is equivalent to one square of the eye-piece graticule which
measures 0.28mm at the magnification used to count the colonies.
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Figure 5.21
Anchorage independent growth. B^-positive clones, B3, B5 - B8; negative
transfectants, 1A2 and 1C2 and the parental cell line, PAR were cultured
in soft agar for six weeks.
a)

The percentage colony forming efficiency per dish after six weeks
growth in 0.8cm^ area. Only colonies that were 0.14mm or more
in diameter were recorded. Error bars represent the 95 % confidence
interval of three dishes.

b)

The average size of colonies formed after six weeks growth. 1 is
equivalent to one square of the eye-piece graticule which measures
0.28mm at the magnification used for counting the colonies.

c)

The size of the largest colony for each clone after six weeks growth.
1 is equivalent to one square of the eye-piece graticule which
measures 0.28mm at the magnification used to count the colonies.
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Figure 5.22
Anchorage independent growth.
B^-positive clone, B5; negative
transfectants, 1A3 and 1C2 and the parental cell line, PAR were cultured
in soft agar for six weeks.
a)

The percentage colony forming efficiency per dish after six weeks
growth in 0.8cm^ area. Only colonies that were 0.14mm or more
in diameter were recorded. Error bars represent the 95 % confidence
intervals of three dishes.

b)

The average size of colonies formed after six weeks growth. 1 is
equivalent to one square of the eye-piece graticule which measures
0.28mm at the magnification used for counting the colonies.

c)

The size of the largest colony for each clone after six weeks growth.
1 is equivalent to one square of the eye-piece graticule which
measures 0.28mm at the magnification used to count the colonies.
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Figure 5.23
Detection of involucrin by immunoblotting. 15/xg of cell extract was loaded
per track, except for tracks OK6 and 0K7 where 5/xg of cell extract was
loaded. A single band of the expected size was detected with SY5 antiinvolucrin antibody. B3, B5 - B8 are ^positive clones, 1A2, 1A3 and 1C2
are negative transfectants, PAR is the parental cell line and 0K6 and OK7
are normal oral kératinocytes.

OK6 0K7 0K7

PAR 1A3 1C2 B8
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Chapter 6

DISCUSSION

6.1

Experimental Approach
The purpose of this study was to investigate the expression and function of

certain integrins in malignant oral epithelium, using squamous cell carcinoma cell lines
and sections of oral squamous cell carcinomas. The cell lines, H357 and H376 (Prime
et al. 1990), derived from oral squamous cell carcinomas, were both deficient in an
integrin subunit (Sugiyama et al. 1993) and provided ideal models for the study of the
role of integrin subunits. By expressing the "missing" subunits in the cell lines it was
possible to examine how the characteristics of the cells were altered by the possession
of the appropriate integrin. Previous work with transfected cell lines has shown that
expression of single integrins can have a profound effect on cell behaviour (Giancotti
and Ruoslahti, 1990, Chan et al. 1991, Qian et al. 1994).

6.2

Production of Clones
In order to produce clones of cells that expressed the transfected integrin

subunits the cells were put through a vigorous sorting procedure and grown in drug
selection media. This selection procedure may have altered the behaviour of the clones
compared to the original parental cell lines. Alternative methods of expressing the
integrin subunits in the cell lines, that do not involve sorting procedures may be
informative. Retroviral infection is successful in kératinocytes (Gerrard et al. 1993),
and can produce high levels of "introduced" integrins on the cell surface, and would
avoid the vigorous sorting rounds. This would ensure that any changes in cell behaviour
were entirely due to expressed integrin subunits.
Introduction of the integrin subunits into the deficient cell lines had little effect
on the surface expression levels of other integrin subunits, with the exception of

in

the H376 cells, and presumably B5 in the H357 cells. This suggests that the regulation
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of expression of a particular subfamily member appears to be independent of the other
members, and phenotypic changes may result from the expression of a single integrin
subunit.

6.3

Anchorage-Independent Growth
Normal cells require a substrate on which to grow, but in malignantly

transformed cells this anchorage-dependence is reduced (Folkman and Moscana, 1978).
Integrins play a role in this phenomenon in kératinocytes as demonstrated by
experiments with H357 ay-positive transfectants and «y-negative cells where a link
between the expression of ay and a suppression of anchorage-independent growth was
shown.

Further evidence for the role of integrins in this phenomenon comes from

reports implicating integrin-mediated signaling as the controlling factor in apoptosis of
cells in suspension (Meredith et al. 1993, Frisch and Francis 1994).

It would be

interesting to grow ay-positive cells in soft agar in the presence of ay-blocking
antibodies to see whether the ay-mediated inhibition of anchorage-independent growth
could be blocked.

6.4

Differentiation
Experiments with H357 parental cells and ay-positive transfectants also

demonstrated a link between integrin loss and impaired differentiation in neoplastic
kératinocytes as measured by involucrin expression.

In the case of the H376 cells

transfection of the 8 4 subunit had no effect on the anchorage-independent growth or the
expression of involucrin. i3i and ay integrins are known to be involved in signaling,
and they are linked to the actin cytoskeleton, whereas the

8 4

integrin is linked to the

keratin filament network and is involved with structural elements of the cell. Reports
of phosphorylation of the cytoplasmic tail of the

84

subunit have been made implying

a role in signaling (Mainiero 1995, Giancotti et al. 1996). However, in H376 cells
transfection of the

8 4

be explained by the

6 4

integrin had little or no effect on cell behaviour, and this might
playing a structural role rather than being a signal transducer in

these cells.
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6.5

Motility
The only difference in cell behaviour between the H376 parental cells and the

B^-positive transfectants was their motility. The cells expressing B4 were less motile
than the B^-negative parental cells.

Shaw et al. (1996) also noted that transfection of

a truncated B4 subunit, comprising the extracellular domain only, into a breast
carcinoma cell line resulted in loss of migration of the cells towards a laminin
substrate.

1

in normal kératinocytes is present in SACs and hemidesmosomes

(Carter et al. 1990b, Jones et al. 1990). Hemidesmosomes and SACs are present in
non-motile cells (Carter et al. 1990b), but there are also reports of hemidesmosomes
being present in motile cells, for example in wound healing (Odland and Ross 1968).
Although there was no consistent evidence of SACs being formed by the B4 -expressing
transfectants, as measured by immunohistochemical staining, the expression of « A
reduced the motility of the cells, compared to the parental cell line, in the clones
studied. This suggests that B4 plays a role in anchorage of the H376 cells. This is
interesting as a^Ri is the integrin that mediates spreading and migration of normal
kératinocytes on laminin 5, whereas

mediates adhesion without spreading or

migration. The levels of a^Bi were not increased in the B4 -positive transfectants. Carter
et al. (1996) report that inhibition of

mediated anchorage results in an increase in

cell migration on laminin 5 via cxgBi, whilst inhibition of B^ function results in an
increase in phosphorylation of a B4 associated protein. This implies that anchorage by
q:6 B4 and motility by a^Bi on laminin 5 can regulate each other, and may account for the
differences in motility of the B4 -positive transfectants and the parental cell line. The
motility assay results presented in Chapter 5 are from one assay, on tissue culture
plastic, on selected clones only, and therefore further assays on all the clones would
need to be performed before definite conclusions on the motility of the cells could be
made. It would also be interesting to investigate the differences in motility on various
extracellular matrix proteins.

6.6

Relevance to Squamous Cell Carcinomas In Vivo
The expression of «v integrins was examined in squamous cell carcinomas, and

variable expression patterns were seen which were similar to those described for other
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integrin subunits (Jones et al. 1993).

63

was not expressed by any of the tumours or

normal oral mucosa, nor was it expressed by the H357 cells. Unlike melanomas there
is no single integrin that is consistently upregulated in malignant kératinocytes in vitro
and in vivo.

However,

was present in malignant epithelium but not in normal

epithelium, and this is in accordance with previous reports (Breuss et al. 1995). The
H357 cells did not express the Bg subunit as detected by FACS, despite being derived
from a squamous cell carcinoma. This may be due to the heterogeneity of tumours, and
as not all the malignant kératinocytes in the sections of the tumours expressed Bg, it is
feasible that the H357 cell line was derived from kératinocytes not expressing the Bg
subunit. It would be interesting to carry out Northern Blots to determine whether the
cells express Bg mRNA.
There was loss of ay and a^Bg in the poorly differentiated tumours. This was
similar to the situation in the H357 cell line, where the «y-positive transfectants showed
an increase in terminal differentiation capacity compared with the «y-negative cells.
Previous work has shown loss of «gB^ at the advancing edge of tumour lesions (Jones
et al. 1993), however, in the H376 cells there was no difference in the capacity for
terminal differentiation in the B^-positive and the B^-negative cells. This may mean that
although cell lines are good models for the in vivo situation they have limitations.
Alternatively, it may highlight the fact that immunocytochemical staining detects
molecules that may well not be functional even though they are present.

Another of

the cell lines (H314, (Prime et al. 1990)) examined by Sugiyama et al. (1993) showed
a reduction in B4 expression compared to other integrin subunits, and has been
transfected with the B4 integrin subunit by Masaru Sugiyama. It would be interesting
to see whether expression of the B4 subunit had the same effect on behaviour of this cell
line as the H376 cell line.
Integrins are known to be involved in the metastatic process (Albelda et al.
1990, Gehlsen et al. 1988, Ruoslahti and Gianocotti 1989).

In order for cells to

metastasize proteolytic degradation of the extracellular matrix is required and integrinextracellular matrix interactions are known to regulate MMP (matrix metalloproteinase)
expression (Werb et al. 1989). «yBg has been shown to upregulate the expression of
MMP and to enhance invasiveness of melanoma cells (Seftor et al. 1992).
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work to investigate invasion and metastasis of kératinocytes could be undertaken using
the H357 and H376 cells to investigate the role of integrins, in particular the «v and B4
integrin subunits. This may shed further light on the role of integrins in the behaviour
of malignant kératinocytes.

6.7

Conclusion
In conclusion, integrins play an important role in cell behaviour, both in normal

and malignant kératinocytes. As yet there are no hard and fast rules regarding integrin
expression and function and malignant behaviour in kératinocytes. Rather, the overall
integrin profile of the cells appears to be important. A link has been demonstrated
between integrin loss and impaired differentiation in neoplastic kératinocytes by the
suppression of anchorage-independent growth and enhanced involucrin expression in the
H357 cells transfected with the

subunit. The expression of the B4 subunit had little

effect on the behaviour of H376 cells, however preliminary results suggest that

8 4

may

play a role in cell motility. Further evidence for the role of integrins in malignant
kératinocytes is demonstrated by the loss of «y and «yB^ integrins in poorly
differentiated oral squamous cell carcinomas, and the upregulation of «yB^ in all the oral
squamous cell carcinomas investigated.
Further work is needed to ascertain the precise roles of integrins in malignant
kératinocytes, but so far a relationship exists between integrin loss and poorly
differentiated lesions.
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APPENDIX 1
Media, Solutions and Buffers

1.1

Tissue Culture Media and Solutions

I.C.R.F. Central Cell Services produced many of the buffers and media that were used.
These are identified as (ICRF).

Phosphate-Buffered Saline (PBS) (ICRF)

NaCl

-

8

g

KCl

-

0.25g

NazHPO^

-

0.25g

KH2 PO4

-

0.25g

Made up to 11 with distilled water, titrated to pH 7.2 and autoclaved.
PBS ABC consisted of PBS supplemented with ImM CaCl2 (B) and ImM MgCl2 (C).

Versene (ICRF)

NaCl

-

8

KCl

-

0.2g

Na2HP04

-

1.15g

Na2 EDTA

-

0

10% phenol red

-

1.5ml

in

1 1

g

.2 g

.

Trypsin
0.25% Trypsin in Tris Saline (ICRF) was used at 1+4 (trypsin: versene) to detach and
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dissociate cells.

Standard FAD Medium (FAD + PCS + HICE)
Standard FAD medium (Imperial Labs., UK.; prepared by (ICRF) is composed of one
part Ham’s F 12 medium, three parts Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with lOOIU/1 penicillin (Gibco), lOO^g/1 streptomycin (Gibco) and 1.8 x
10^ M adenine. This medium was further supplemented with 10% batch-tested foetal
calf serum (Advanced Protein Products and Imperial Labs (Europe) Ltd) and 0.5^g/ml
hydrocortisone (Calbiochem), 5^g/ml insulin (Sigma Chemical Co.), I d ^ ^ cholera
toxin (ICN) and lOng/ml epidermal growth factor (EGF, Austral Biologicals). The
hydrocortisone, cholera toxin and EGF were collectively known as "cocktail". This
mixed with insulin was known as "HICE" (Rheinwald and Green 1975, Rheinwald 1989,
Watt 1994). The calcium concentration of standard FAD medium is 1.8mM.

DMEM (E4 Medium)
E4 medium (ICRF) was supplemented with 10% batch-tested donor calf serum, (DCS)
(Gibco).

Mitomycin C
Each 2mg vial of mitomycin C (Sigma Chemical Co.) was dissolved in 5ml PBS, filter
sterilized and stored at -20°C.

1.2 Miscellaneous Solutions
Tris HCl pH 7.6

0.2M Tris*

-

12ml

O .lM H Cl

-

19ml

DW

-

19ml

Adjusted to pH 7.6 with either O.IM HCl or 0. IM NaOH

* Tris = Tris (hydroxymethyl)aminomethane (Sigma Chemical Co.)
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Tris-Buffered Saline (TBS^

NaCl

-

8

g

KCl

-

0.2g

Tris

-

3g

Distilled water

-

800ml

The pH was adjusted to 7.4 with HCl and the solution was made up to 11 with distilled
water.

TE pH 7.6

Tris HCl pH 7.6

-

EDTA pH 7.6

-

ImM
O.lmM

HBS (ICRF)

NaCl

-

8

g

KCl

-

0.4g

KH2 PO4

-

60mg

CaClz

-

140mg

MgSO^

-

O.lg

Na2 HP 0 4

-

50mg

Phenol Red

-

20mg

Made up to 11 with distilled water and filter sterilised.

CaCL

CaCl2 . 6 H2

0

-

1 0

.8 g

was dissolved in 20ml H ,0 and filter sterilised .
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1.3

Protein Analyses

SDS-PAGE for Proteins

Recipe for SDS-polyacrylamide gels

Solution A

30% Acrylamide / 0,8% BIS (Millipore)

Solution B

1.5M Tris, pH 8.8

Solution C

10% SDS (Sigma Chemical Co.)

Solution D

0.5M Tris, pH 6.8

Solution E

10% Ammonium persulphate (AMPS) freshly prepared

SDS-Polyacrylamide Gels
Resolving Gels
6%

7.5%

10%

A

10ml

12.5ml

16.7ml

B

12.5ml

12.5ml

12.5ml

C

0.5ml

0.5ml

0.5ml

D

-

-

-

Distilled Water

26.5ml

24ml

20.4ml

TEMBD

50/xl

50/d

50/d

E

500^1

500/d

500/d

Stacking Gels
A

3ml

B

-

C

0.2ml

D

5 ml

Distilled Water

11.6ml

TEMED

20/xl

E

200^1
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Running Buffer

Tris

-

12g

Glycine

-

57.6g

Solution C

-

20ml

Distilled water

-

1980ml

Solution D

-

2.5ml

Solution C

-

2.0ml

Glycerol

-

2.0ml

0.4% Bromophenol Blue

-

0.1ml

Distilled water

-

3.2ml

B-mercaptoethanol

-

10% vol

Reducing Sample Buffer

Coomassie Blue Stain

0.1% Coomassie Brilliant Blue in 10% acetic acid
50% methanol in distilled water

Coomassie Destain

10% acetic acid and 5% methanol in distilled water

PBS/EDTA Lvsis Buffer (20mM EDTA in PBS pH7.3)

lOOmM EDTA

-

20ml

PBS

-

80ml

pH was adjusted to 7.3 with IM NaOH
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Immunoprécipitation Lysis Buffer

NaCl

-

150mM

MgCl2

-

5mM

Tris HCl pH 7.5

-

SOmM

Just before use the following were added
PMSF

-

2mM

Leupeptin

-

1/xg/ml

Western Blotting Transfer Buffer

Glycine

28.83g

Tris

6.55g

Methanol

300ml

made up to 21 with distilled water

Trichloroacetic Acid (TCA>

TCA

-

500g

in 227ml water makes a 100% w/v solution.

1.4

RNA Extraction and Northern Blotting Solutions

Guanidinium Thiocyanate (GIT). 4M

GIT

-

50g

N-lauroylsarcosine

-

0.5g

Tri-sodium citrate, pH7

-

2.5ml

30% antifoam A emulsion

-

0.33ml

made up to 50ml in distilled water
The pH was adjusted with lOOmM NaOH, then a further 50ml distilled water was added
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and the solution was filtered through Whatman No.l paper. 0.7ml il-mercaptoethanol
was added and aliquots stored at -TG^C.

Caesium Chloride

Caesium chloride

-

95.9g

Sodium acetate 3M, pH 6

-

0.83ml

Autoclaved to sterilise and stored at room temperature.

Diethylpyrocarbonate(DEPC-treated) water

DEPC

-

400/xl

Distilled water

-

400ml

Autoclaved to sterilse and stored at room temperature.

1% Agarose Gel

37% formaldehyde

-

20ml

lOX HEPES

-

10ml

Distilled water

-

20ml

heated to 56®C then added
50ml of 2% agarose in distilled water (56®C)

lOX HEPES aOmM EDTA 0.5 M HEPES^

HEPES

-

130.15g

Dissolved in 500ml of distilled water and the pH was adjusted to 7.9 then added
0.5 M EDTA pH 8

-

20ml

Autoclaved and made up to 11.
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Sample Buffer

Deionised formamide

-

10/xl

37% formaldehyde

-

4^1

lOX HEPES

-

2 (jlI

Sample RNA

-

4/xl

Glycerol

-

50%

lOX HEPES

-

50%

Bromophenol blue

-

0.25%

37% formaldehyde

-

200ml

lOX HEPES

-

100ml

Distilled water

-

700ml

Loading Buffer

Running Buffer

Blotting Buffer 20X Sodium Saline Citrate (SSCI

Sodium chloride

-

175.3g

Sodium citrate

-

88.2g

Distilled water

-

800ml

Sodium dodecyl sulphate (SDS)

-

lOg

Distilled water

-

100ml

Adjusted to pH 7 with HCl
Made up to 11 with distilled water.

10% SDS
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Hybridisation Buffer

Formamide

-

22.75ml

IM sodium phosphate buffer pH 7.2-

10ml

O.IM EDTA pH 8

-

0.5ml

Bovine serum albumin

-

0.5g

SDS

-

3.5g

Distilled water

-

17ml

Sodium Phosphate Buffer

Na^HPO^ .7H2O

134g

H3PO4 85%

4ml

Made up to 11 with distilled water.

Equilibration Buffer (TE pH 7.51

ImM EDTA pH 8
lOmM Tris pH 7.5

Elution Buffer

5M NaCl

400^1

IM Tris HCl pH 7.5

2ml

0.5M EDTA pH8

40/xl

10% SDS

3ml

Distilled water

94.6ml
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Sodium Phosphate/SDS Wash Buffer

IM sodium phosphate pH 7.2

40ml

O.IM EDTA pH 8

10ml

SDS

lOg

Distilled water

950ml

Tris Acetate Buffer (TAEl

Tris

242g

Glacial Acetic Acid

57.1ml

0.5M EDTA pH 8

100ml

STET

Tris pH 8

50mM

EDTA

lOmM

Triton X-100

1%

Lysozyme lOmg/ml (fresh)

25fil

L Broth (ICRF)

Bacto-tryptone

-

lOOg

Yeast Extract

-

50g

NaCl

-

lOOg

Dissolved in 101 distilled water.
For L Agar, 6g agar was added to 400mls of L Broth and autoclaved for 15 mins.
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Brain Heart Infusion (ICRF)

Brain heart infusion broth powder -

185g

Dissolved in 51 distilled water and autoclaved for 15 mins.

1.5

Preparation of Extracellular Matrices

Vitronectin Purification

lOOmM NaPO. pH 7.7

0.2M dibasic .VH^OXNa^HPOJ

-

26.83g

0.2M monobasic (NaH2 P 0 4 )

-

13.9g

226.25ml of dibasic was mixed with 26.25ml monobasic and made to 500ml, and the
pH adjusted to 7.7 for l(X)mM stock.

Buffer A
EDTA

-

1.9g

Urea

-

480.48g

lOOmM NaP0 4

-

100ml

Distilled water

-

5(X)ml

pH was adjusted to 7.7, and made up to 11 with distilled water.
Final concentration = 5mM EDTA, 8M urea,

1 0

mMNaP0 4

Buffer A + 0.13M NaCl (Wash Buffer)

lOOmM NaP0 4

-

50ml

EDTA

-

0.95g

Urea

-

240.24g

NaCl

-

3.8g

Made up to 500ml with distilled water.
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Buffer A + Q.13M NaCl + lOmM mercaptoethanol (Reducing Buffer)

As Buffer A + 0.13M NaCl with 360/xl mercaptoethanol in 500ml of buffer

Buffer A 4- 0.5M NaCl (Elution Buffer)

lOOmM Na PO4

-

50ml

EDTA

-

0.95g

Urea

-

240.24g

NaCl

-

14.6g

Made up to 500ml with distilled water.

Lamlnin 5/Kalinin

Lysis Buffer for Removing Kératinocytes from ECM (Rouselle et al. 19911

Triton X-100

1%

EDTA

lOmM

Tris HCl pH 7.5

25 mM

RIPA Buffer for Preparing LN5

Tris HCl pH 7.4

lOmM

NaCl

150mM

EDTA 4 Na

2mM

L-methionine

2mM

L-cysteine

2mM

NP-40

0.3%

Triton X-100

0.3%

Sodium deoxycholate

0.3%

BSA

0 . 1%
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1.6

Adhesion Assays

Adhesion Assay Lysis Buffer

NaOH

-

O.IM

SDS

-

1%

NazCO)

-

2%

1.7

Inununoctyochemical Reagents

Avidin Biotin Complex (Dako Ltd.)

Avidin

-

9fi\

Biotin

-

9(il

PBSABC

-

1ml

made up 30 minutes before use.

Diaminobenzidine Substrate Solution

2mg of diaminobenzidine tetrahydrochloride (Sigma Chemical Co.) were dissolved in
40ml Tris HCl pH 7.6. The solution was then filtered, just before use 4(X)/xl of 1%
hydrogen peroxide solution were added.

Method for APES Coating Slides

Clean slides were soaked for 1 hour in 20ml of Micro Laboratory cleaner
(International Products Corporation) diluted in 11 of warm water. Slides were then
washed in hot running water for a further hour, then dipped in distilled water, then in
spirit and dried in an oven at 37°C.

Slides were then dipped in APES (4ml of 3

aminopropyltriethoxysilane in 200ml of spirit for 2 seconds. They were then dipped
in spirit, then in distilled water and then soaked in distilled water for 2 minutes and then
dried at 3 fC .
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Gelvatol Recipe

6

g of glycerol (BDH) were mixed with 2.4g of gelvatol (Gelvatol, Monsanto

Indian Orchard Plant) and vortexed.

6

ml distilled water were added and the tube was

left to stand for IV2 hours at room temperature. After this time 12.5ml of 200mM Tris
pH 8.5 was vortexed in and the solution then heated to 50°C for 10 minutes and
vortexed again. The heating and vortexing procedure was repeated three times. The
solution was then left to rotate end-over-end overnight at room temperature. Finally the
mounting solution was spun down at lOOOrpm for 10 minutes at room temperature and
the supernatant was aliquoted out and stored at 4®C for up to

185

1

year.

Appendix 2

APPENDIX 2
Antibodies and Probes
Table of Integrin Antibodies Used
Antibody

Subunit

Species

Reference

Source

P5D2

8

.

Mouse

Dittel et al. 1993

A. T. C. C.

Y2/51

«3

Mouse

von dem Borne et al. 1989

D. Mason

3E1

8 4

Mouse

Hessle et al. 1984

Gibco-BRL

AA3

8 4

Mouse

Tamura et al. 1990

Camfolio

R6G9

8 4

Mouse

Weinacker et al. 1994

D. Sheppard

Mouse

Weinacker et al. 1994

D. Sheppard

E7P6
HAS- 6

« 2

Mouse

Tenchini et al. 1993

A. T. C. C.

VM-2

«3

Mouse

Mohrenn et al. 1985

A. T. C. C.

mAb 16

«5

Rat

Akiyama 1989

K. Yamada

GoH3

« 6

Rat

Sonnenberg et al. 1986

Gibco-BRL

13C2

«V

Mouse

Davies et al. 1989

M. Horton

PIIW7

«V

Mouse

unpublished

M.Horton

P1F6

Ofv^5

Mouse

Weinacker et al. 1994

Bioquote Ltd
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Table of Secondary Antibodies

Antibody

Species

Source

FITC conjugated anti-mouse IgG

Goat

Jackson

FITC conjugated anti-rat IgG

Goat

Jackson

Streptavidin, Texas Red conjugated

Amersham

Biotinylated anti-mouse IgG

Goat

Amersham

Horseradish peroxidase conjugated anti-mouse
IgG

Sheep

Amersham

Anti-rat IgG

Rabbit

ICN

Anti-mouse IgG

Rabbit

Sigma Chemical
Co.

Table of Other Antibodies

Antibody

Antigen

Species

Reference

Source

SY5

Involucrin

Mouse

Hudson et al.
1992

F.M. Watt

VIN-115

Vinculin

Mouse

Volberg et al.
1986

Sigma Chemical Co.
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Table of Northern Blotting Probes

Probe

Source

Reference

18S ribosomal RNA

D. Edwards

100 D9; Edwards et al. 1987

Involucrin

H. Green

PI-2; Eckert and Green, 1986

«V

J. Marshall

Marshall et al. 1995

Rs

M. Hemler

2M; Ramaswamy and Hemler,
1990
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APPENDIX 3
Suppliers

Advanced Protein Products, Brierley Hill, UK.
Aldrich Chemical Company Ltd. Dorset, UK.
Amersham International, Amersham, Buckinghamshire, UK.
AnalaR, BDH Ltd., Poole, UK.
Austral Biologicals, San Ramon, CA, USA.
BDH Laboratory Supplies Inc/Merck Ltd. Lutterworth, Leicestershire, UK.
Bio 101 Inc., Vista, CA, USA.
BioRad Laboratories Inc. Hemel Hempstead, Hertfordshire, UK.
Boeringer Mannheim UK Ltd. Lewes, E. Sussex, UK.
Cadbury Ltd., Wirral, Merseyside, UK.
Calbiochem - Novabiochem (UK) Ltd. Nottingham, UK.
CAMfolio, Beckton Dickinson Advanced Cellular Biology, San Jose, CA, USA.
Coulter Electronics, Luton Bedfordshire, UK.
Coulter Eurodiagnostics Ltd., Harpenden, UK.
Dako Ltd. High Wycombe, Buckinghamshire, UK.
Dynatech Labs Inc., Biotech Products, Chantilly, Virginia, USA.
Falcon Labware - Beckton Dickenson UK Ltd. Oxford, UK.
Gibco BRL. Life Technologies Ltd. Paisley, Renfrewshire, UK.
Hoeffer Scientific Instruments, San Francisco, USA.
ICN Pharmaceuticals Ltd. Thame, Oxon, UK.
Imperial Laboratories (Europe) Ltd. Andover, Hampshire, UK.
International Products Corporation, Burlington, NJ, USA.
Jackson Immunoresearch Laboratories, West Grove PA. USA.
Kodak:Eastman Kodak Co., Rochester, N York, USA.
Monsanto Indian Orchard Plant. Springfield, Mass. USA.
Millipore, Harrow, Middlesex, UK.
Nalgene Labware, Rochester, NY. USA.
New England Biolabs (UK) Ltd., Hitchin, Hertfordshire, UK.
Nunc, Roskilde, Denmark.
Olympus Optical Co., (UK) Ltd., London UK.
Pharmacia Biotech, Uppsala, Sweden.
SeaKem, EMC Bioproducts, Rockland, USA .
Sigma Chemical Company, Poole, Dorset, UK.
Tissue-Tek, Miles Inc., Elkart, IN, USA.
Zeiss, Oberkochen, Germany.
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APPENDIX 4
Data From Results Chapters 3 and 5

Data for Figures 3.1 and 3.5 (continued overleaf)

Clone

ttv

«2

a.

a,

«6

B,

B4

VI

8.4 ± 5 .6

100.9±
36.7

428.5 ±
177.9

14.1 ±
3.8

171.9^
97.3

398.5 ±
61.2

161.1 ±
29.2

V2

7.4 ± 2 .4

41.8 ±
14.0

204.6 ±
28.6

19.8 ±

65.9 ±
8.9

282.3 ±
21.7

2.5

16.6 ±
9.1

138.2 ±
53.4

382.9 ±
166.1

22.0 ±

5.5

182.4 =
102.3

214.1 ±
26.0

191.1±
41.9

9.0 ± 4 .0

177.0 ±
114.0

318 .9±
96.8

17.2±
2.9

135.79 =
90.4

478.6 ±
57.3

100.5 ±

64.2 ±
27.7

209.5 ±
176.6

11.2 =

173.3 =
37.7

177.3 ±

4.4

80.2 ±
53.2

5.0 ± 0.0

178.2 =
114.9

42 1 .2 ±

129.0 ±

212.8

0.6

76.2 ±

V3

V4

V5

V6

V7

■

3 . 8 ± 1.8

2.2 ± 0 .4

6.0 ± 3.3

1.6

111.2

88.8 ±

11.2

120.0 ±

303.2 ±

55.5

200.6

81.2 ±
24.8

231.0 ±
37.6

12.5 =
3.0

2.2

204.1 ±
30.0

90.3 ±
2.4

PAR

0.9 ± 0 .7

69.3 ±
16.2

281.0 ±
68.5

18.9 =
90

91.8 ±
15.2

235.1 ±
54.9

141.8 ±
34.7

PRC

0.4 ± 0 .2

122.9 ±
56.5

302.2 ±
49.8

12.2 =

190.7 =
73.4

I77.7±

5.81

8.8

206.6 ±
54.1

66.6 ±
2.0

381.8 ±
113.5

94.2 =
30.2

206.9 ±
98.2

71.2 ±
43.6

I.A4

0.7 ± 0 .2

8.5 ± 0 .5
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Clone

1C6

1D3

0.4 ±

0.4 ±0.1

122.1 ±

15.3 ±

«6

G,

Ba

79.0

239.8 ±
162.1

6.2

62.1 ±
25.6

208.7 ±
14.5

57.9 ±
6.4

100.7 ±
14.0

345.0 ±
109.6

17.4±
3.3

148.8 ±
13.4

233.1 ±
137.1

126.0 ±
37.5

Vlean fluorescence ± SD. n = 2

Table o f Data for Adhesion Assay in Figure 3.9

Vitronectin Cone.

1A4

VI

0

10.1 ± 0 .7

6.0 ± 1.3

0.5pg/ml

0.9 ± 1.3

4.5 ± 1.2.

0.75pg/ml

8.1 ± 0 .4

4.6 ± 1.2

Ifig/ml

10.4 ± 0.5

6.1 ± 1.8

5pg/ml

12.2 ± 2 .2

8.8 ± 3 .3

lOpg/ml

10.6 ± 2 .4

7.0 ± 1.3

Percentage adhesion ± SD, n = 4
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Table of Data for Adhesion Assay in Figure 3.10

Vitronectin Cone.

PAR

V4

V5

0

28.4 ± 4.0

30.1 ± 2.8

36.2 ±

5/ig/ml

42.0 ± 13.6

33.9 ± 0.9

38.2 ± 2.8

;ig/ml

25.7 ± 4.2

36.2 ± 2.5

37.9 ± 4.4

20jLig/ml

25.8 ± 5.2

34.6 ± 1.5

37.9 ± 3.3

50/xg/ml

19.2 ± 2.7

30.7 ± 1.2

1 0

6 . 6

33.5 ± 5.8

Percentage adhesion ± SD, n = 3
Table of Data for Adhesion Assay in Figure 3.11a

Vitronectin Cone.

PAR

V2

0

6.1 ± 3.2

5.1 ±

5/xg/ml

3.9 ± 1.0

10.0 ± 4.2

10.2 ± 0.7

V3

1.1

1.7 ± 1.2

1 0

/xg/ml

3.3 ± 0.2

14.4 ± 2.2

13.3 ± 1.9

2 0

/ig/ml

3.3 + 0.4

15.5 ± 0.4

7.2 ± 1.0

50/ig/ml

3.7 ± 1.4

15.1 ± 1.4

Percentage adhesion ± SD, n = 3
192
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Table of Data for Adhesion Assay in Figure 3.11b

Vitronectin Cone.

PAR

V2

V3

0

7.2 ± 0.6

7.6 ± 1.0

10.5 ± 3.5

5^g/ml

4.4 ± 0.8

2 2 . 6

±

2 . 6

26.3 ± 9.7

Wfjig/ml

4.1 ± 0.0

2 2 . 2

±

0 . 8

25.6 ± 4.5

/xg/ml

3.7 ± 0.4

2 0 . 2

±

0 . 8

23.1 ± 5.4

2 0

50/ig/ml

6 . 6

+ 3.7

24.7 ± 7.2

26.4 ± 8.9

Percentage adhesion ± SD, n = 3

Table of Data for Adhesion Assay in Figure 3.12

Vitronectin Cone.

V2

0

1 . 0

5/xg/ml

28.6 ±

5/xg/ml + 13C2

23.9 ± 3.8

5/xg/ml + P1F6

6 . 6

+

0 . 6

1 . 1

± 0.9

Percentage adhesion ± SD, n = 3

193

V4

V7

2.3 ± 0.8

0 . 8

21.4 ± 0.7

13.0 ± 1.4

16.6 i 3.8

9.8 ± 2.6

5.4 ± 2.5

3.4 ± 0.9

±

0 . 2

Data for Figures 3.13a-d

Time

PAR

VI

V2

V3

V4

V5

V6

V7

0

1.0
±0.0

1.0
±0.0

1.0
±0.0

1.0
±0.0

1.0
±0.0

1.0
±0.0

1.0
±0.0

1.0
±0.0

3

3.7
±0.7

3.2
± 1.0

4.3
( 1.7

3.9
± 1.5

3.3
1 2.1

6.4
-1: 3.0

3.8
t 0.9

2.8
±0.7

6

11.1
±6.7

8.2
±5.0

10.8
] 4.0

6.3
± 1.9

8.7
± 4.6

13.7
t 2.2

14.3
i 19.2

5.8
i 2.6

9

26.8
±20.21

13.7
±11.3

25.3
± 17.5

11.0
±4.7

14.7
± 8.9

59.2
± 38,6

19.5
± 7.0

14.9
± 6.8

12

105.5
± 115.9

31.2
± 26.5

130.0
±81.9

41.7
± 18.7

46.8
±21.3

105.9
± 27.3

54.4
± 25.1

23.2
± 12.4

15

304.0
±213.5

88.7
±96.8

293.1
± 160.2

108.6
± 59.6

123.3
± 53.2

248.5
± 137.2

150.6
H 64.2

73.7
1 35.8

18

483.1
±223.7

163.9
± 143.9

660.1
±492.2

381.4
±301.8

288.2
± 109.7

651.5
± 247.3

320.6
± 148.1

119.0
±73.7

Cell number x 10^ per dish ± SD, n = 8
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Data for Figure 3.16a

Colony
Formation

SD

VI

V2

V3

V4

V5

V6

V7

0.4

0 . 2

1.9

0 . 2

1 . 6

0 . 1

0 . 6

7.5

0 . 2

0 . 1

1.3

0 . 0

0.4

0 . 0

0.9

1.3

Percentage colony forming efficiency, n = 3

Data for Figure 3.17a

Colony
Formation

SD

V3

V4

PRC

1C6

1D3

PA
R

4.2

0 . 8

1 1 . 2

5.1

26.2

19.1

1 . 1

0 . 1

1 . 0

0 . 0

4.1

2.3

Percentage colony forming efficiency, n = 3
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Data for Figure 5.1

H376

«2

«3

«6

f ii

Û4

47.8

138.2

13.4

213.8

1.84

Data for Figure 5.4

Clone

B4

15,

«6

B3

14.5

57.1

22.3

B5

12.3

26.0

24.8

B6

12.4

53.5

42.4

B7

5.8

51.6

1 2 . 2

B8

2.3

44.6

8.3

PAR

1 . 8

64.8

8 . 2

1A2

1.9

25.1

1 1 . 1
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Data for Figure 5.7

Clone

oil

«3

« 6

B5

157.6

368.0

48.5

670.1

12.3

B6

122.3

248.3

53.0

617.4

8.7

PAR

47.8

138.2

13.4

213.8

1 . 8

1A3

70.0

304.1

20.3

409.6

1.3

8 4

Data for Figure 5.11
Laminin 1 Cone.

PAR

B3

B6

5

4.6 ± 1.3

26.0 ± 3.6

16.3 ± 4.2

1 0

2 1 . 0

33.3 ± 3.5

34.1 ± 3.6

25

22.5 ± 1.3

36.1 ± 6.2

36.8 ± 5.9

±

2 . 8

Percentage adhesion ± SD, n = 3
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Data for Figure 5 .12a and b
ECM

PAR 37°C

PAR 4°C

B6 37°C

B6 4 T

Trypsin LN5

53.3 ± 23.8

3.7 ± 2.0

39.5 ± 7.5

18.7 ± 0.0

GoH3

33.3 ± 5.2

7.5 ± 6.3

31.7 ± 0.5

19.8 ± 5.7

P5D2

6.3 ± 0.9

1.3 ± 0.9

12.6 ± 1.7

3.8 ± 0.2

Rouselle
LN5

73.3 ± 9.9

1.7 ± 0.1

64.2 ± 0.0

4.2 ± 0.2

GoH3

61.8 ±

0.9 ± 0.2

48.9 ± 0.9

4.0 ± 0.4

P5D2

45.8 ± 0.8

±

52.6 ± 0.2

4.2 ± 0.4

1 . 8

1 . 2

0 . 1

Percentage adhesion ± SD, n = 2

Data for Figure 5.13
ECM

PAR

B3

B7

LN 5 37°C

37.5 ± 3.5

42.0 ± 3.5

66.7 ± 19.1

LN 5 + GoH3

19.6 ± 6.1

24.5 ± 2.6

45.2 ± 3.4

LN 5 4°C

31.5 ± 0.6

26.1 ± 4.9

43.4 ± 6.1

LN 5 + GoH3

17.1 ± 1.0

21.4 ± 1.1

32.5 ± 5.2

Percentage adhesion ± SD, n = 3
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Data for Figure 5.14
ECM

PAR

B7

kq

LN5

40.5 ± 2.4

49.3 ± 1.2

17.8 ± 2.1

LN 5 + CD

16.2 ± 0.3

27.4 ± 2.3

12.5 ± 2.2

LN 5 + CD + DG

21.9 ± 2.0

35.7 ± 1.3

12.4 ± 1.9

P5D2

30.8 ± 0.8

30.9 ± 3.9

6.4 ± 1.7

P5D2 + CD

10.3 ± 1.0

13.3 ± 1.0

4.7 ± 1.1

P5D2 4- CD 4- DG

12.9 ± 1.7

22.6 ± 5.2

5.6 i 0.6

Percentage adhesion + SD, n = 2

Data for Figure 5.16
ECM

B6

1B5

kq

0

2.8 ± 0.3

2.1± 0.4

2.3 ± 1.9

LN5

18.3 ± 2.2

10.9 ± 1.7

4.7 ± 0.9

LN 5 + MI

11.9 ± 0.6

7.3 ± 0.3

4.0 + 1.6

LN5 + MI 4GoH3

11.1 ± 1.6

5.6 ± 3.8

4.0 ± 1.1

Percentage adhesion ± SD, n = 3
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Data for Figure 5.19

Time

PAR

B3

B5

B6

B7

B8

1A3

1C2

0

1.0
±0

1.0
±0

l.O
±0

1.0
±0

1.0
±0

1.0
±0

1.0
±0

1.0
±0

3

6.0
± 1.1

4.5
±2.9

7.0
± 1.0

4.1
±2.9

4.8
±0.6

5.3
±2.0

4.0
± 1.5

4.9
±2.8

6

14.0
± 10.3

6.9
±2.0

13.7
± 3.6

8.6
± 2.6

9.8
±2.9

12.2
±3.3

8.6
±3.5

8.2
±1.1

9

20.8
±9.9

22.6
± 16.4

323.3
±91.9

23.7
± 13.8

17.6
±5.2

32.6
±3.4

20.5
± 10.3

13.0
± 3.0

12

84.9
±26.1

56.9
±47.7

116.7
±51.5

60.0
±38.7

21.9
±7.2

106.8
±46.5

63.7
±33.7

20.9
±9.0

15

188.7
±26.2

116.5
±43.4

345.2
±161.5

207.3
±76.1

42.7
±21.1

293.0
± 136.8

163.1
±76.3

68.0
±7.9

18

525.9
± 186.5

268.7
± 98.1

648.5
1 145.0

345.6
1 128.9

121.1
4 42.5

390.5
1 175.5

263.9
■i 45.6

111.6
± 47.8

Cell number x 10^ per dish ± SD, n = 8
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Restoration o f av^s integrin expression in neoplastic kératinocytes results in
increased capacity for terminal differentiation and suppression of
anchorage-independent growth
Judith Jo n e s'’^ M a sa ru Sugiyam a'-\ Paul M Speight" and Fiona M W a tt'
‘K eram ocyic Laboratory, Imperial Cancer Research Fund, 44 Lincoln's Inn Fields, London WC2A 3PX; and
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Loss of expression of specific integrins is a feature of
poorly differentiated oral squamous cell carcinomas
(SCCs) and cell lines derived from them. In order to
test whether there is a direct link between loss of
integrins and abnormal keratinocyte growth and differ
entiation, we ‘repaired’ an SCC ( line, H357, by
transfection of its missing integrin subunit, o:,. We
analysed seven independent a,-expressing clones and
compared them with four empty vector controls and
with the parental cell line, a, was expressed on the cell
surface as a functional
heterodimer. The parental
cells expressed
mRNA and introduction of
had no
effect on f t mRNA levels nor on cell surface levels of any
other integrins examined. Introduction of a, had no
consistent effect on the growth rate of cells on tissue
culture plastic. However, anchorage-independent growth
was strongly suppressed and the a,-transfectants showed
an increased capacity for terminal differentiation, as
assayed by expression of involucrin. These results are
consistent with the known role of integrins in regulating
keratinocyte terminal differentiation and suggest that
integrin loss may be directly responsible for the
abnormal behaviour of kératinocytes in a subset of oral
SCCs.
Keywords: squamous cell carcinoma; adhesion; extra
cellular matrix; vitronectin

Introduction
Human kératinocytes express several receptors o f the
integrin family (reviewed by Watt and Jones, 1993).
Integrins not only mediate keratinocyte adhesion to
extracellular matrix proteins, but also regulate the
initiation of terminal differentiation: ligand binding by
the /?i integrins suppresses differentiation and the
absence o f ligand is a differentiation stimulus (Adams
and Watt, 1989; Watt et a i, 1993). Furthermore, stem
cells can be distinguished from kératinocytes o f lower
proliferative potential on the basis o f higher surface
integrin levels, suggesting a link between integrin
expression and proliferation (Jones and Watt, 1993;
Jones et a i, 1995).

Correspondence; FM Watt
^Present address: Second Department of Oral and Maxillo-facial
Surgery, Hiroshima University Faculty of Dentistry, 1-2-3 Kasumi,
Minami-ku, Hiroshima 734, Japan
Received 20 June 1995; revised 18 September 1995; accepted 20
September 1995

Complex transcriptional and post-translational
mechanisms normally ensure that integrins are
expressed by all cells within the basal layer of
stratified squamous epithelia and that integrin expres
sion is reduced or absent in suprabasal kératinocytes
that are undergoing terminal differentiation (Adams
and Watt, 1990; Nicholson and Watt. 1991: Hotchin
and Watt, 1992; Hotchin et al., 1993, 1995). However,
in keratinocyte tumours integrin expression is per
turbed, with some suprabasal cells expressing high
levels o f integrins and some basal kératinocytes failing
to express specific integrins (Peltonen et al., 1989: W olf
et al.. 1990; W olf and Carey, 1992: Downer et al.,
1993; Jones et al., 1993: Hughes et al.. 1994). Focal or
extensive loss o f integrins, in particular
a,)?,, cttfi
and
is a feature o f some poorly differentiated oral
squamous cell carcinomas and it has been suggested
that integrin loss may have prognostic significance in
this type of tumour (Downer et al., 1993: Jones et al.,
1993; Jones, Watt and Speight, in preparation).
Cell lines derived from oral squamous cell carcino
mas provide a useful experimental model with which to
investigate the link between integrin loss and failure o f
neoplastic kératinocytes to undergo terminal differen
tiation. In a survey o f seven such lines, we found two
that lacked surface expression o f specific integrin
subunits and both o f these showed low levels o f
expression o f involucrin, a comified envelope precursor
protein that provides a convenient differentiation
marker (Sugiyama et al.. 1993). We now report the
consequences o f ‘repairing' one o f these lines through
transfection: we have introduced the a, subunit into the
H357 line and present evidence that this leads to an
increased ability o f the cells to undergo terminal
differentiation, together with the suppression o f
anchorage-independent growth.

Results
Transfection o f H357 cells with the ct, integrin subunit
H357 cells lack surface expression o f the
integrin
subunit (Sugiyama et a i, 1993) and do not express
m R N A (data not shown). An
expression vector was
introduced into the cells by calcium phosphatemediated transfection. G418-resistant clones were
picked and screened for a.„ expression by flow
cytometry. In some clones, as illustrated in Figure 1,
the majority o f cells lacked detectable levels of cc^ at the
time o f the first sort; in others a distinct positive peak
or shoulder was present. The 5 -1 0 % o f cells in
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individual clones with the highest a» levels were
collected by FACS and grown in culture (see Figure
lA). This process was repeated three times for each of
seven clones (named VI-7), selecting up to 30% of the
cells in any given sort (Figure I B -D and data not
shown), and by the fourth round of selection stable av
expression was found in the majority ( > 80%) of cells
in each clone (Figure ID). The cloned cells were
maintained in G418 selection thereafter and checked
for surface expression of ol, approximately every 4
weeks. Expression was stable and no further FACS
selection was required. The relative levels of
on the
surface of each clone are shown in Figure 2A. For
comparison, H357 cells were also transfected with the
empty expression vector, conferring G418 resistance
alone; four G418-resistant clones (1D3, 1A4, 1C6 and
PRC) were selected for further analysis.
The parental cells, «v-positive clones and empty
vector control clones were screened by flow cytometry
to determine whether there were differences in
expression levels of the major non-a^ integrins: a.^,,
oLs^\ and
(see Sugiyama et a i, 1993). There
were no significant differences in cell surface levels of
the «2, aj, (%;, «6, i?i or
subunits (Figure 2B,C and
results not shown).

V6 Son

Composition of the c l , heterodimer in H357 transfectants
The 0, integrin subunit can form heterodimers with at
least five different p subunits,
Ps, p6 and p^
(reviewed by Gladson and Cheresh, 1994). In normal
epidermal kératinocytes, oi,Ps, but no (x,Pi or
is
found (Adams and Watt, 1991). In addition, small
amounts of ct^Pe are expressed by normal kératinocytes
that have been maintained in culture for several
passages (data not shown; see also Zambruno et al.,
1995).
Flow cytometry was used to investigate which p
subunit was complexed with Ov in the H357
transfectants. All seven clones were negative for
surface expression o f the Pj subunit and showed no
positive staining with an antibody to ot^Pe (Figure 3
and results not shown). The clones did, however, stain
positive with an antibody to the Ov^j complex (Figure
3B,D). Although H357 express /5, integrins on the cell
surface (Sugiyama et al., 1993 and Figure 2), the
results of adhesion assays on vitronectin (see below)
are consistent with all of the a, being complexed with

P.

The level of ps mRNA in H357 cells was determined
by Northern blotting (Figure 4). Ps mRNA was

B

V6 Son 2

10 '

C

D

V6 Son 4

10“

Figure 1 FA C S selection o f jy-expressing cells in the G 418-resistant clone, V 6 . Solid line: secon d an tib od y alone; broken line: 2 ,
(detected with 13C2). A t each sort (A-D) the cells expressing the highest levels o f ct,, indicated by the horizontal line, were selected
and grow n in G 418. x axes: log fluorescence (arbitrary units); y axes: counts = cell num ber
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detected in the parental cells, the emptv vector clones
and the a,-posilive clones, VI-7. Introduction of a, into
the cells did not increase /i, steady state mRNA levels.
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Cell adhesion assays
Adhesion assays were carried out in order to establish
whether a, on the surface of the transfectants was
functional. We previously reported that the parental
H357 cells could adhere to commercial preparations of
vitronectin (.Sugiyama et al., 1993). However, when
H357 were plated on our own vitronectin preparations
in the presence of cycloheximide to inhibit de novo
synthesis of extracellular matrix proteins, no specific
adhesion was obser\'ed (Figure 5A). In contrast, the
transfectant clones adhered to vitronectin, maximal
attachment occurring at 5/tg/ml. Adhesion was
inhibited by an anti-a,/i5-specific antibody, confirming
that a, was complexed to the jJ, integrin subunit
(Figure 5B).

Clone

Anchorage-dependent and -independent growth
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The growth of a,-positive clones was compared with
that of the parental line when cells were seeded on
tissue culture plastic. Growth curves of the transfec
tants were the same in the presence or absence of
0418. Some of the %,-transfectants grew more slowly
than the parental H357 cells, but there was consider
able variation between clones. For example, after 15
days in culture V2 grew slightly faster than the parental
cells, while VI and V6 grew more slowly than the
parentals (Figure 6A).
In contrast, there was a marked effect of a,
transfection on anchorage-independent growth.
transfectants, empty vector controls and parental cells
were suspended in soft agar and colony formation was
assayed 6 weeks later (Figure 6B,C). (Zells that lacked
a, had a higher colony forming efficiency in soft agar
(>20% ) than the a, transfectants ( < 5%).

Clone

Terminal differentiation
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The marker of terminal differentiation that we
examined was involucrin, a precursor of the cornified
envelope that is expressed in the suprabasal layers of
oral epithelia, expression coinciding with areas of
morphological differentiation (Sumimoto et ai, 1986;
Eisenberg et al., 1987). H357 cells express low levels of
involucrin (Sugiyama et ai, 1993). We used immunoblotting to compare involucrin levels in the a^-positive
and -negative transfectants and the parental H357 cells
(Figure 7). All of the av-positive cells expressed higher
levels of involucrin than the parental cells. Two of the
empty vector controls, 1A4 and 1D3, expressed the
same low level of involucrin as the parental cells; in the
other two, 1C6 and PRC, involucnn expression was
increased (although still lower than in most of the a,positive clones), probably reflecting heterogeneity in
differentiation potential within the parental population.

Clone

D iscu ssion

Figure 2 Mean fluorescence (arbitrary units) of cells labelled
with aintibodies to
(A),
(B) and (C). Error bars are SEM
of duplicate experiments

There is a trend amongst a range of epithelial tumours
to express fewer integrins and at lower levels than the
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normal tissues from which they arise (Albelda, 1993).
We have previously reported that integrin loss is a
feature of poorly differentiated oral squamous cell
carcinomas (Downer et ai, 1993; Jones et al., 1993). In
the present experiments we have demonstrated a direct
link between integrin loss and impaired differentiation
in neoplastic kératinocytes, since transfection of the a,
integnn subunit into H357 cells led to expression of
functional
on the cell surface, suppression of
anchorage independent growth and enhanced involu
crin expression.
It is well established that most normal, nontrans
formed cells will only proliferate when attached to an
adhesive substratum and that adhesion to extracellular
matrix proteins is mediated by integrins. When normal
cells are placed in suspension and the integrins on the
cell surface are unoccupied, the cells enter growth
arrest and may undergo apoptosis (Ruoslahti and
Reed, 1994). In contrast, a feature of transformed and
neoplastic cells is that they are capable of anchorage
independent growth and this may be correlated with
loss of specific integrins. Thus Chinese hamster ovary

cells lack the as/i, fibronectin receptor and grow in
suspension; introduction of a,/), by transfection results
in suppression of anchorage-independent growth
(Giancotti and Ruoslahti, 1990). Furthermore, the
absence of a,^, is correlated with increased tumorigenicity of these cells (Schreiner et a!., 1991).
In human kératinocytes integrin occupancy by
extracellular matrix ligands suppresses terminal differ
entiation and promotes proliferation, while in the
absence of bound ligand kératinocytes in suspension
undergo growth arrest and terminal differentiation
(Adams and Watt, 1989; Watt et ai, 1993). Our
interpretation of the H357 transfection results is
therefore as follows: the absence of a, renders the
cells unresponsive to the regulatory signals transmitted
through that receptor, and hence leads to uncontrolled
growth and a failure of terminal differentiation. When
a, is introduced into the cells they now respond to the
absence of substratum by initiation of terminal
differentiation and so no longer grow in suspension.
The expression of a^/i; in epithelial tumours has not
been widely documented, although we have found focal
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Figure 3 Flow cytometry of two ay-positive clones, V3 (A,B) and V5 (C,D). Antibody Y2/51 recognises the ^3 integrin subunit;
13C2 recognises a»; E7P6 recognises ayjSô; P1F6 recognises ly^*; x axes: log fluorescence (arbitrary units); y axes; counts = cell
number. Vertical mark on each x axis indicates maximum fluorescence of cells incubated with second antibody alone; fluorescence of
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bss of a,/)\ in keraiinocyles adjacent to the stroma in
p o rly dilferentiated oral squamous cell carcinomas
(Jones, Watt and Speight, in preparation). It is
interesting that /h mRNA levels were unalfected by
tie presence or absence of a, mRNA and this would
argue against co-transcriptional regulation of the two
integrin subunit genes, at least in H357 cells. Although
vitronectin is present in skin wound iluid (Grmnell ct
o'... 1992) It IS not a component of normal basement
membrane (Reilly and Nash, 1988) and the ability of
vitronectin to inhibit suspension-induced differentiation
of kératinocytes has not been investigated.
In addition to
focal or extensive loss of a:/),.
a-,/i| and
is seen in poorly dilferentiated oral
squamous cell carcinomas. A given tumour may show
loss of one or more integrins (Jones a al.. 1993) and
integrin loss can coincide with loss of underlying
basement membrane components (Downer ci ai.
1993). We therefore favour the idea that the overall
integrin prohle of neoplastic kératinocytes and the
composition of the surrounding extracellular matrix are
determinants of the proliferative and dift'erentiative
ability of the cells, rather than the presence or absence
of any specific integrin. If this is correct, we would
predict that introduction of other integrin subunits into
H357 cells could have the same efiects on growth and
difierentiation as introduction of a,. Experiments to
test this hypothesis are now in progress.

cytometry and were grown in FAD+FCS* HICE as
described previously (Jones and Watt, 1993; Sugiyama ct
ai. 1993). Cells were grown at 37' C 111 a humid atmosphere
containing 5% CO:. The culture medium was changed
every 2-3 days.
Growth curves were obtained by plating 10 cells per 35
mm dish and harvesting triplicate dishes at 3 day intervals.
The total number of cells per dish was determined using a
Coulter Counter (Coulter Electronics Ltd.).
Anchorage independent growth was assayed by culturing
cells in soft agar. 35 mm dishes were coated with 1 ml 0.3‘/o
agar (Seakem. EMC Bioproducts) in FAD* FCS + HICE.
5x10' cells were resuspended in 0.5 ml of 0.3% agar in
medium and layered over the agar base. Cells were fed twice
weekly with 1 ml medium per dish. After 6 weeks the dishes
were stained with 1 mg;ml mtroblue tétrazolium dve (Sigma
Chemical Co.) in FAE)* FCS* HICE for 24 h. All colonies

A

□

PAR

Materials and methods

Cell culture
The cell line H357 was derived from a well differentiated
squamous cell carcinoma of the tongue and grows in the
absence of a feeder layer (Prime et al., 1990). The culture
medium consisted of one part Ham's F12 medium and
three parts Dulbecco's modification of Eagle's medium,
supplemented with 1.8 x lO Ai adenine (FAD), 10% foetal
calf serum (FCS), 0.5 fig ml hydrocortisone, 5 /ig ml
insulin, 10''At cholera toxin and 10 ng/ml epidermal
growth factor (MICE) (FAD + FCS + HICE; Rheinwald.
1989). Transfectants were cultured in the presence of 2 mg
ml G418 (Gibco). Normal epidermal kératinocytes and the
H376 SCC line were used as positive controls for flow
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Figure 4 N orthern blot o f total R N A isolated from z.-p ositive
clones (V 2, V4, V 6 , V7j, and parental H 357 cells (PA R ). Blot was
probed for the ^5 integrin subunit and, as a load in g control, for
18S ribosom al R N A

Figure 5 A dhesion assays on (A) increasing concentrations o f
vitronectin; (B) in the presence or absence o f antibody P1F6,
which IS specific for
Zv-positive clones are as indicated. PAR:
parental H 357 cells. SEM o f tnpiicate wells is shown
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Bioquoie Ltd.. York); Y2 51 (mouse anti-//,; von dem
Borne ct al.. 1989: generous gill of D Mason); R6G9 and
E7P6 (mouse anii-/f^; Weinacker ci al.. 1994; generous gifts
of D Sheppard); HAS-h (mouse anti-a< Tenchini ei al..
1993); VM-2 (mouse anti-a,; ATCC; Kaufmann et al..
1989); mAh 16 (rat anti-a.; generous gift of K Yamada;
Akiyama ei al.. 1989); GoH3 (rat anti-a^; Janssen;
Sonnenberg ct al.. 1986); P5D2 (mouse anti-/),; Develop
mental Studies Hybridoma Bank; Dittel ct al.. 1993); 3E1
(mouse anti-/);: generous gift of E Engvall; Ryynanen ei
al.. 1991). To detect involucrin. the mouse monoclonal
antibody SY5 was used (Hudson et ai. 1992). Second
antibodies were: FlTC-conjugated goal anti-mouse or ami
ral IgG (Jackson Immuno Research); and horseradish
peroxidase-conjugated sheep anti-mouse IgG (Amersham
Life Science).

detached from the culture flasks by trypsin/EDTA treatment
and collected by centrifugation in the presence of
FAD + FCS + HICE.
then
suspended
in
200
/d
FAD + FCS + HICE. Cells were radioactively labelled with
110 //I of -'Cr (1 mCi ml. Amersham) at 37 C for 1 h and
washed several times with serum-free FAD medium. 10"
labelled cells were suspended in 100 fi\ serum-free FAD
containing 6.4 //g/ml cycloheximide. added to each well and
allowed to adhere for 3 h at 37 C. Nonadherent cells were
removed by gently washing plates m PBSABC. Adherent cells
were lysed in 0.1 M NaOH. 1% SDS and 2% Na CU, for 10
min al 37' C and cell lysates were counted on an LKB Gamma
counter. When used, adhesion blocking antibodies were added
to the cells immediately before plating into the wells. The ''Cr
c.p.m. were calibrated to cell number by constructing a
standard curve. All wells were set up in triplicate.

Fluorescence activated cell .sorting IFACS) and flow cytometry

mRNA preparation and Northern blot analvsi.s

Cells to be used for flow cytometric analysis or fluorescence
activated cell sorting (FACS) were treated in the same way.
except that cells for sorting were handled under sterile
conditions. All cells were fed the day before an experiment
and were subconfluent. Cells were harvested with trypsin
EDTA and then collected by centrifugation in the presence
of FAD + FCS + HICE and were washed once with
PBSABC containing 10% FCS. 1-2x10" cells were
incubated with primary antibody on ice for 45 min. then
washed in PBSABC containing 10% FCS at 4'C. Cells
were incubated with FlTC-conjugated secondary antibody
on ice for 30 min. then washed in PBSABC containing
10“0 FCS and resuspended in 0.5 ml PBSABC (4''C).
Control samples were labelled with secondary antibodies
alone.
Labelled cells were analysed on a FACScan cytometer
(Beckton-Dickinson). For sorting, the cells were labelled with
PI1W7 or 13C2 (anti-a,) and the upper 5-30% (approxi
mately 5 X 10' - 3 X 10' cells) of the fluorescent population was
collected, using a FACSTAR (Becton-Dickinson). The sorted
populations were expanded in tissue culture and sorted a
further three times to establish stable expression. Normal
epidermal keratinocytes were used as a positive control when
staining for 2,. a,/)« and Xv/i*; H376 cells were the positive
control for jS? staining.
For comparison of integrin levels on the surface of
different populations of cells (Figure 2) the geometric
mean of fluorescence obtained with anti-integrin antibodies
was determined following subtraction of the geometric
mean of the fluorescence of cells stained with second
antibody alone.

Cell adhesion assays
Vitronectin was prepared from fresh frozen human plasma
as described by Yatohgo et al. (1988). Briefly, serum was
obtaiined by adding calcium to plasma and allowing clot
fornuation, then filtering off the serum. The heparinbinding activity of vitronectin in serum was activated by
the addition of 8M urea. The activated vitronectin bound
specifically to heparin-Sepharose in 8M urea and was
eluted with 0.5 M NaCl containing 8M urea. SDS-PAGE
established that the purified vitronectin consisted of two
major bands of 65 and 75 kD.
Cell adhesion assays were performed essentially as
described by Hotchin et al. (1993). Vitronectin was diluted
in PBS and left to adsorb onto 96 well plates (Immulon 2,
Dynatech Labs. Inc.) overnight at 4°C. The plates were
rinsed three times in PBS and blocked by incubation for 1 h
in PBS containing 0.5 mg/ml heat-denatured BSA. Control
wells had no added vitronectin and were BSA-blocked. The
plates were rinsed in PBSABC, which was left in the wells
until immediately before the cells were added. Cells were

RNA was isolated from the cells as described by Nicholson
and Watt (1991). Briefly, nearly confluent cultures were
washed three times in PBS, then lysed in guanidinium
isothiocyanate (4 M guanidine isothiocyanate. 0.5% sodium
N-laurolysarcosine. 25 mM sodium citrate. 0.1% antifoam
A emulsion and 0.1 M 2-mercaptoenthanol. pH 7.0). Cell
lysate (8 ml) was layered on top of 4 ml CsCl solution (5.7
M caesium chloride. 25 mM sodium acetate. pH 6.0) and
spun at 32 000 r.p.m. (SW 40 rotor) for 18 h at 20 C in a
Beckman L8-70M ultracentrifuge. The pellet of RNA was
washed with 70®o ethanol and air dried. Pellets were
dissolved in DEPC-treated water and precipitated with
10% 3 M sodium acetate and two volumes of 100% ethanol
at - 20"C. RNA was recovered by centrifugation at 12 000
r.p.m. for 15 min at 4'C then dissolved in DEPC-treated
water. Equal quantities of RNA were run on a 1% agarose
gel in HEPES buffer (0.05 M HEPES. 1 mM sodium EDTA.
pH 7.8) containing 20% formaldehyde. RNA was
transferred to Hybond-N membrane (Amersham Life
Science) by capillary blotting in 20 x SCC (3 M sodium
citrate, 3 M sodium chloride). RNA was u.v.-crosslinked to
the Hybond-N before probing. Membranes were first
prehybridised, then hybridised overnight at 42'C with
random primed '-P-labelled cDNA fragments prepared
according to the manufacturer's instructions (Amersham).
Membranes were washed and exposed to Kodak XOmat
film at -70°C .
The probe to 2, was the kind gift of John Marshall. The jî,
probe was the kind gift of Martin Hemler (2 m; Ramaswamy
and Hemler, 1990). Blots were also probed for involucrin (PI2; Eckert and Green. 1986; kind gift of H Green), and 18S
ribosomal RNA (100 D9; Edwards et ai, 1987; kind gift of D
Edwards).

Immunoblotting
Confluent cultures were washed in PBS containing 20 mM
EDTA and scraped from the culture flask in the same
buffer. Cells were disrupted by sonication and insoluble
material discarded after centrifugation at 12 000 r.p.m. for
10 min at 4°C. The protein content of the supernatant was
determined by the Bradford method (BioRad; Bradford.
1976). An equal volume of PAGE sample buffer containing
/)-mercaptoethanol was added and the extracts were stored
at - W C until use. Samples were resolved on a 7.5%
polyacrylamide gel using the buffer system of Laemmli
(1970) and transferred to Immobilon polyvinylidene
difluoride (PVDF) membrane (Millipore) in 25 mM Tris,
192 m M glycine containing 15% (v/v) methanol at 50 V
overnight (Towbin et ai. 1979). To inhibit non-specific
binding of antibodies the membrane was incubated for 1 h
in 5% skimmed milk powder (Marvel, Cadbury), 0.05%
Tween 20 (Sigma) in PBS at room temperature. The

Integrin ex p r e ssio n in n eo p la stic k era tin o cy tes
J Jones

e t al

126

membrane was incubated for I h with SY5 anti-involucrin
antibody in 2% skimmed milk powder. 0.05% Tween 20 in
PBS. After extensive washing in PBS containing 0.05%
Tween 20 the membrane was incubated in horseradish
peroxidase-conjugated second antibody diluted in 2%
skimmed milk powder in 0.05% Tween 20 in PBS for I h
at room temperature. The membrane was washed as before
and then washed in PBS alone. The blot was developed
using the ECL Western blotting detection kit (Amersham)
and then exposed to Kodak XOmat film.
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