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Summary

Background 1: In carcinoma, the detachment of cancer cells from a primary tumour site
as a result of disorganised cell-cell association is a critical step leading to tumour
invasion and metastasis. Adherens junctions (AJ) are multiprotein complexes localised
at intercellular and cell-matrix contacts, mediating the adhesion of cells to each other or
to matrix structures. The association of actin filaments with the actin-binding proteins
enables them to serve a variety of functions including the stability of cell shape,
mechanical support, cell-cell adhesion and cell motility. The latter is thought to be
driven largely by the polymerisation of actin monomers into filaments near the plasma
membrane. The maintenance of epithelial differentiation requires proper formation of
cell-cell junctions where destabilisation of such junctions allows the initiation of the
invasive process and the progression of carcinoma. Because there is evidence that down-
regulation or complete loss of the major AJ component, E-cadherin, occurs in
association with human epithelial cancers, it has been suggested that E-cadherin could

play a role as an invasion-suppressor molecule.

Aim 1:

e To investigate the cellular distribution of AJ components (E- and P-cadherin, o- and
B-catenin and associated proteins) in the normal human epidermis and in a variety of
skin tumours including basal cell carcinoma (BCC), pilomatrixoma (PMX),
squamous cell carcinoma (SCC) and precursor lesions and melanocytic lesions. Also
to assess whether the decrease in membranous distribution of the AJ major
components, particularly cadherins and B-catenin, in human skin cancer progressed
further in de-differentiation tumours.

e To investigate the possible co-localisation of E- and P-cadherin in the basal and the
first layer of suprabasal cells of the human normal epidermis and BCC with respect
to the hypothetical stepwise loss of cadherins by tumour cells.

e To characterise the overall structure of AJ in BCC versus the normal epidermis and
to investigate the association of AJ components with the actin-based cytoskeleton.

Also to examine the patterns of distribution of filamentous actin in the normal



epidermis and BCC and how actin bundles are arranged in the tumour cells with
respect to their shape, migratory behaviour and thus invasiveness.
To compare the changes in the abundance and distribution of actin and the expression

of E-, P-cadherin and B-catenin in nodular and infiltrative BCC with those in

migrating keratinocytes in vitro.

Methods 1: Immunoperoxidase and double immunofluorescent staining. Cell culture.

Findings 1:

1.

In routinely processed paraffin-embedded BCC, E-cadherin staining was reduced in
tumour cell membranes in 30/32 cases, B-catenin in 29/32 cases and P-cadherin in

11/32 cases in comparison with the normal epidermis.

. E-Cadherin, a- and B-catenin were reduced in tumour cell membrane in all the frozen

samples of BCC (12/12). P-Cadherin was reduced in 10/12.

. In some cases of BCC, tumour lobules expressed reduced E-cadherin membrane

staining centrally, while the palisading cells on the peripheries showed positive

membrane staining similar to that of normal epidermis

. In well differentiated SCC, E-cadherin and -catenin staining was reduced in tumour

cell membranes in 8/10 cases and P-cadherin in 6/10 cases. All were reduced in

moderately differentiated SCC and keratoacanthoma.

. In benign hyperplasia, Bowen’s disease and actinic keratosis, P-cadherin was

expressed in the full thickness of the lesions.

. E-, P-cadherin and B-catenin membrane staining was reduced in all cases of primary

and metastatic melanomas and was variable in benign melanocytic lesions.

. Double immunolabelling of E- and P-cadherin revealed co-localisation of both

cadherins in the basal and first suprabasal layer of the normal epidermis and in a
substantial number of BCC tumour cells. However, the majority of tumour cells

demonstrated preservation of membranous P-cadherin only.

. There was a dramatic increase in actin filaments polymerisation (stress fibers) in

infiltrative BCC when compared with the nodular subtype and normal epidermis.

. The double immunolabelling results of normal skin and most tumour cells in nodular

and infiltrative BCC have shown separate localisation of E- and P-cadherin, o- and



B-catenin from actin filaments. However, a portion of E- and P-cadherin, o-catenin
and o-actinin was co-localised with actin filaments at the plane of the plasma

membrane.

10.Keratinocytes cultured in low calcium grew individually in a loose clustered

morphology, but they closed the wound partially. They also showed weak E-, P-
cadherin and P-catenin membrane immunofluorescent staining and diffuse
polymerisation of actin filaments. Keratinocytes, in high calcium conditions, showed
stronger staining of the cell adhesion molecules, increased actin filaments
polymerisation (fine stress fibers) and associated more closely to close the wound

completely.

11.Double immunolabelling of E-, P-cadherin and B-catenin with actin in both low and

high calcium keratinocyte cultures revealed no co-localisation.

Main conclusions 1:

1.

The reduction in tumour cell membrane E-cadherin, - and B-catenin in comparison
with the normal epidermis is a characteristic in BCC and SCC.
The decrease in membranous distribution of E- and P-cadherin, o~ and B-catenin in

superficial, nodular BCC, well-differentiated SCC and malignant melanoma
progressed further in dedifferentiated and metastatic tumours in a direct proportion

relationship.

. The downregulation or loss of E-cadherin but not of P-cadherin, particularly in BCC

and SCC tumours with less aggressive behaviour in addition to the double
immunolabelling results in BCC may point to a stepwise loss of cadherins during
tumour progression.

The preserved E-cadherin membrane staining in the palisading cells of the BCC
tumour lobules may indicate that E-cadherin is one of multiple biological factors

involved in the prevention of free stromal invasion and metastasis.

. Suprabasal P-cadherin expression in benign hyperplasia and pre-malignant lesions

may indicate that this molecule is proliferation-associated.
Co-localisation of E- and P-cadherin in normal epidermis suggests that E- and P-

cadherin could be in the same junction plaque.



7. The dramatic increase in actin filaments polymerisation (stress fibers) in infiltrative
BCC when compared with the nodular subtype and normal epidermis indicates a
relation to the infiltrative growth pattern of BCC rather than rapid growth. This was
accompanied by decreased membrane staining of the cell adhesion molecules E-
cadherin, o- and B-catenin and o-actinin emphasising enhanced tumour cell motility
and thus invasion.

8. Co-localisation of o-catenin and o-actinin with the actin filaments could be
explained by the interactive role of o-catenin where it connects the membrane
associated complex to the actin-based cytoskeleton.

9. Results of keratinocyte culture indicate that the cells grown in low calcium were less
motile (similar to nodular BCC) as they showed weak actin staining and migrated
into the wound but failed to close it completely, while the cells grown in high
calcium were more motile as they showed increased actin filament polymerisation
(similar to infiltrative BCC) and migrated in a sheet-like colony and closed the

wound completely.

Background 2: During development there is interaction between the Sonic hedgehog
(Shh)/Patched (Ptc) and the Wnt/Wingless (Wg) signalling pathways. It has been
reported that the Shh/Ptc signalling pathway is dysregulated in BCC. Recently,
mutations in B-catenin were found in the hair follicle tumour PMX. In addition to B-
catenin’s role in supporting cell adhesion at the cell-cell junctions by association with E-
cadherin, another role for B-catenin in signal transduction has been proposed where it
acts as a key component of the Wnt signalling pathway possessing a nuclear function as
it binds transcription factors, Lymphoid Enhancer Factor (LEF-1) and T Cell Factor
(TCF). The activation of the Hedgehog/patched signalling pathway in drosophila is
associated with transcriptional activation of specific target genes including Wg which
may lead to the secondary activation of the Wnt/B-catenin signalling pathway
contributing to the development of BCC. The transcription factor Gli-1 is required
during the activation of the Shh/Ptc signalling pathway which is associated with

transcriptional activation of specific target genes including Wg and Ptc.



Aim 2:

To investigate whether any decrease in membrane f-catenin expression in epidermal
tumours is accompanied by redistribution to the cell nucleus secondary to the
activation of the Wnt pathway.

To investigate the expression of the transcription factor Gli-1 in normal skin and
BCC as there is evidence that the activation of the Shh/Ptc-Smo signalling pathway
plays a key role in BCC development.

Methods 2: Inmunoperoxidase staining.

Findings 2:

1.

Routinely processed, paraffin-embedded BCC showed nuclear localisation of [-
catenin in 13/32 cases (N-terminus) and 8/32 cases (C-terminus), while frozen BCC
showed nuclear staining of both termini in 1/12 cases. This was accompanied by

reduced B-catenin membrane staining.

. Tumour cell membrane staining of N and C termini of B-catenin was evenly reduced

in 4/10 PMX but there was strong nuclear staining with both the N and C terminal
antibodies in 7/10 tumours.

. Bowen’s disease showed nuclear localisation of C-terminus f-catenin in 2/10 cases

accompanied by reduced membrane staining.

. In routinely processed, paraffin-embedded BCC, tumour cell nuclear staining of Gli-

1 was seen in 16/32 cases (N-terminus) and 21/32 cases (C-terminus). Normal
epidermis showed variable and weak nuclear staining in the basal cells in a minority

(5/32 N-terminus, 6/32 C-terminus).

Main conclusions 2:

I.

The detection of nuclear B-catenin staining in Bowen’s disease and BCC in addition
to PMX is novel as it suggests that dysregulation of B-catenin cellular distribution

may be common to several pathways leading to epidermal carcinogenesis.



2. While activation of B-catenin by mutation may be a primary event in PMX, it seems
more likefy that in BCC and Bowen’s disease nuclear localisation of B-catenin would
be secondary to activation of the Wnt pathway or possibly due to redistribution of B-
catenin as a result of disruption in AlJ.

3. Gli-1 nuclear localisation in BCC strongly supports the evidence which indicates that
Gli-1 may be a transcriptional activator in which it provides evidence for the

activation of the Shh/Ptc signalling pathways in this tumour.

Background 3: BCC is the commonest cutaneous tumour in humans. It is locally
invasive but rarely metastasises. Biochemical and molecular studies of BCC were
limited by the lack of a suitable and reproducible tissue-culture model system. Unlike
other cutaneous tumours, attempts to grow BCC in primary cultures have not been

found to be successful.
Aim 3: To grow different subtypes of BCC tumours in vitro.

Methods 3: Cell culture by seeding fresh single cell suspension of BCC derived by

collagenase/dispase treatment onto fibroblast-embedded collagen gel model.

Findings 3:

1. Dermal equivalents seeded with tumour single cell suspensions derived from an
infiltrative BCC showed massive degradation after 48 hours of incubation at 37°C in
a humidified atmosphere of 5% CO; in air. Results were confirmed by using cells
from a second infiltrative BCC.

2. BCC-derived cells from nodular and superficial BCC did not degrade the dermal
equivalents following incubation at 37°C in a humidified atmosphere of 5% CO, in
air for 5 days as submerged cultures.

3. Dermal equivalent seeded with 1 x 10° tumour-derived cells from nodular BCC
showed viable basaloid cells reminiscent of BCC cells after 11 days of culture.

4. BCC-derived cell cultures using tissue culture flasks coated with foetal calf serum

and/or with Type I collagen failed to yield cell growth. In addition, culture of tumour



cells mixed with or without normal keratinocytes onto fibroblast-free and standard

dermal equivalents gave similar negative results.

Main conclusions 3:

1. The massive degradation of dermal equivalents could be due to several reasons:
firstly, due to the production of collagenase by infiltrative BCC cells, secondly due to
a fibroblast-derived collagenase activity released either from BCC stromal cells or
dermal equivalent fibroblasts upon interaction with BCC cells.

2. The absence of dermal equivalent degradation using superficial and nodular BCC in
contrast to the massive degradation using infiltrative BCC strongly suggest that the
various subtypes of BCC differ in their degrading properties in vitro and may explain
the more aggressive behaviour of infiltrating BCC clinically.

3. In general, the results of BCC culture were not satisfactory, however, modification of
the technique used in my work may allow future studies using dermal equivalents as

a potential model for BCC culture.
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