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Abstract:
It has been proposed that there are two types o f squamous cell carcinoma o f the vulva,
one being associated with ‘high-risk’ human papillomavirus (HPV) with a recognisable
pre-malignant lesion (vulval intraepithélial neoplasia; VIN). A second, which appears not
to be associated with HPV and about which there, has been controversy relating to the
pre-malignant stage. Clinical and histological association has linked non-neoplastic
epithelial disorders (e.g. lichen sclerosus; LS) with this form o f vulval cancer; however,
epidemiological evidence has shown that few patients will progress to develop cancer.
Little research has been undertaken to assess the pre-malignant potential o f these lesions.
The aim o f this study was to assess the malignant potential o f such lesions as well as the
molecular pathology o f vulval cancer itself and to elucidate if the pathways to vulval
cancer from VIN and LS are different.

Using archival tissue and frozen tissue from invasive carcinoma, epidermis adjacent to
the cancer (LS, squamous hyperplasia (SH) and VIN) and normal vulval skin, different
techniques were used to assess molecular changes both in vulval malignancy and non
neoplastic changes. Such markers were also used in a clinicopathological analysis o f
survival for vulval cancer. Furthermore, since the treatment o f non-neoplastic epithelial
disorders may affect such molecular processes these were also analysed. Furthermore
blood analysis and clinical features were assessed along with molecular changes to
distinguish the similarities or different features between the vulval cancers associated
with HPV and the adjacent lesions and vulval cancers associated with non-neoplastic
epithelial disorders o f the vulva.

Neoplastic and non-neoplastic cell cycle and apoptotic proteins were found to
demonstrate abnormal expression, particularly in relation to corticosteroid treatment in
LS and in neoplastic changes or adjacent to neoplasia. HPV-16 appeared to play a role in
the development o f both VIN and vulval cancer associated with VIN. Pathways leading to
vulval cancer all appear to involve the G l/S pathway though through different means.
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Chapter One:

Introduction

1.1 ANATOMY OF THE VULVA
The vulva is a specialised area o f skin that undergoes significant change throughout
life. The vulva consists of: the mons pubis, the labia majora and minora, the clitoris,
the hymen, the greater vestibular glands o f Bartholin, the bulbs o f the vestibule, the
external urethral orifice and the vestibule o f the vagina (see Figure 1).

Mons pubis (or mons veneris). This is the rounded eminence in front o f the pubic
symphysis, formed by a collection o f fatty tissue beneath the integument.

Labia majora. These are two prominent longitudinal cutaneous folds that form the
lateral boundaries o f the pudendal cleft. They originate from the mons pubis anteriorly
and merge with the perineal body posteriorly. Each labium has two surfaces, an outer,
which is pigmented and covered with strong hair and an inner, which is smooth,
inundated with sebaceous follicles and is continuous with the genito-urinary tract;
beneath the two there is considerable quantity o f areolar tissue fat. The labia are
thicker in front where they are formed by the meeting o f the anterior commissure.
Their lack o f definition posteriorly is partly due to the absence o f subcutaneous fat in
the perineal body and partly to the extension o f pigmented and hair bearing skin to
surround the anal opening. The outer surfaces o f the labia majora are adjacent to the
medial surfaces o f the inner thighs and are separated from them by a deep groove, the
genito-femoral fold.

Labia minora. These are two small, cutaneous hairless thin folds, situated within the
labia majora, and extending from the clitoris obliquely downward, outward, and
backward on each side o f the orifice o f the vagina. The labia minora are separated
from the labia majora by interlabial furrows. Anteriorly, the two labia minora divide
into lateral and medial parts. They meet anteriorly to the clitoris to form the prepuce.
The medial parts unite on the under surface o f the clitoris to form its frenulum.
Posteriorly, the labia minora fuse to form a transverse fold behind the vaginal
opening. This fold, the frenulum o f the labia or fourchette, is broken at parturition.
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The skin o f the labia minora is smooth and pigmented. The labia minora contain
elastic fibres, blood vessels and, possess a rich innervation but no subcutaneous fat.
The arrangement o f blood vessels forms erectile tissue. During sexual excitation blood
supply is increased allowing the labia minora to enlarge and change colour.

Vestibule. The cleft between the labia minora is termed the vestibule o f the vagina
and extends fi’om the clitoris to the fourchette. Located within the vestibule is the
opening o f the vagina, urethra, ducts o f Bartholin’s glands and the minor vestibular
glands.

Urethra. The orifice o f the urethra is situated at the anterior part o f the vestibule,
surrounded by a prominent elevation o f the mucous membrane. Below the urethra is
the orifice o f the vagina.

Hymen. The junction o f the vestibule with the vagina is identified by the presence o f
the hymen or its remnants. The size and shape o f the hymen varies, normally it is thin
and incomplete and is composed o f connective tissue which is easily ruptured.

Glands of Bartholin. These are situated deeply within the posterior parts o f the labia
majora. Each lies interiorly and laterally to the bulbo-cavemosus muscle and is not
normally palpable. Their secretion is clear, mucoid and alkaline and increases during
sexual excitement. The glands are lobulated and contain multiple acini grouped
around the many branching ducts. The acini are lined by cuboidal epithelium and the
ducts are lined with stratified epithelium (Kaufman, 1981). Argentaffin cells have
been found in the epithelial lining o f the duct system predominantly in the transitional
epithelium o f the main excretory duct (Fetissof et al, 1985). The main duct opens at
the lateral margin o f the vagina behind the mid point o f the hymenal ring.

Minor vestibular glands. These are tubular structures; their acini are lined with
colunmar epithelium and the ducts with transitional epithelium. They are commonly
found around the fourchette and the average number is usually 2-10 (Robboy at al,
1978).
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Clitoris. This is an erectile structure analogous to the corpora cavernosa o f the penis.
It is situated beneath the anterior commissure, partially hidden between the anterior
extremities o f the labia minora. It is connected to the rami o f the os pubis and ischium
on each side by a crus; the body is short and concealed beneath the labia; the free
extremity or glans clitoridis is a small rounded tubercle, consisting o f spongy erectile
tissue, and is highly sensitive. It is provided with a suspensory ligament and with two
small muscles, the erectores clitoridis that are inserted into the crura o f the clitoris.
The clitoris consists o f two corpora cavernosa composed o f erectile tissue enclosed in
a dense layer o f fibrous membrane, united together along their inner surfaces by an
incomplete fibrous pectiniform septum. The clitoris is covered in stratified squamous
epithelium, which is thinly keratinised. There are no sebaceous, apocrine or sweat
glands present in the clitoris (Friedrich & Wilkinson, 1982).

Perineum. The perineum is a diamond shaped region located between the anterior
portion o f the hip bones (pubic symphysis) anteriorly, ischial tuberosities laterally and
the coccyx posteriorly.

The proximity o f these structures, and their role in sexual response, childbirth
(parturition), urinary and faecal continence makes them most relevant when
considering vulval pathology and surgical management.
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Figure 1: External appearance o f the vulva.
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Figure 2: Haematoxylin and eosin (H&E) section o f normal vulval skin from the labia
minora. Magnification x40.

25

1. 2 VULVAL SKIN

The epidermis is composed o f stratified squamous epithelium that varies in thickness
in different areas o f the body. In haematoxylin and eosin (H &E) vertical sections its
lower border, at the dermo-epidermal junction, presents an undulating appearance due
to the rete (or epidermal) ridges (Figure 2). MacKie (1984) described the histology o f
the epidermis in four layers:
1. A basal layer, or stratum germinativum, the lower border o f which rests on
the basal lamina.
2. A spinous or prickle cell layer (stratum malpighi) which forms the bulk o f
the epidermis.
3. A granular layer.
4. A homy layer or stratum comeum.

There is a progressive differentiation, the keratinocyte moves upwards through the
various layers to form the tough, protective, flexible outer surface o f the skin. A
histological section o f the epidermis shows a basal layer o f columnar shaped cells.
Immediately above the basal layer are the larger polygonal cells o f the spinous layer.
These cells are less basophilic than those o f the basal layer. As the kératinocytes
ascend through the epidermis they become flatter and broader and keratohyaline
granules (which contain profilaggrin and keratin intermediate filaments) (Fukuyama et
al, 1980) appear in the cytoplasm and they establish a granular layer. Above this layer
the cells become anucleate and the hom y keratin layer is formed.

The inner aspects o f the labia majora, labia minora and the frenulum o f the clitoris
have an epidermis with an inconspicuous granular and homy layers. Towards the
hymen, the skin on the medial aspects o f the labia minora is devoid o f granular and
homy layers and is described as a mucous membrane.

1.2.i Epidermal derivatives
The mons pubis, the lateral and exposed aspects o f the labia majora and the perianal
area are covered in hair bearing skin. The hair follicle, the hair, sebaceous gland.
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arrectores pilorum muscle and the apocrine glands form a distinct functional unit in
the perianal skin. Also present are eccrine glands and these are usually present with
the other features in sections o f labia majora.

The inner aspects o f the labia majora, the whole o f the labia minora and the frenulum
and prepuce o f the clitoris are covered in non-hair bearing skin. These areas o f skin
are richly provided with sebaceous glands that open directly on to the skin. These
sebaceous glands are not associated with hair follicles; they form tiny elevations
visible on the surface o f the skin. These areas are devoid o f apocrine glands and
eccrine glands are sparse.

Epidermal symbionts
This term is used to describe three cell types, which are found in the epidermis.

M elanocytes. These are pigment producing cells, which arise from the neural crest
and are situated mainly in the basal layer o f the epidermis. In H&E sections these
appear as rounded cells with clear cytoplasm. Their numbers show regional variations
but are normally present in a ratio o f between 1:10 and 1:5 o f the epidermal basal
kératinocytes (Hu, 1981). Melanocytes convert the amino acid tyrosine to melanin,
which protects the dermis from harmful ultra-violet light. Hormones influence
melanin pigmentation in humans although their precise action at the cellular level is
obscure. Regional variation is also seen in the sensitivity o f the melanocytes to
specific hormones.

Langerhans ceils. These are recognised as bone-marrow-derived dendritic cells,
which are present in the suprabasal layer and are intimately involved in the body’s
immune defence mechanisms. Langerhans cells express many cell surface molecules
(including CD4, CD45, CD40, CD80, CD86, HLA-DR and Intercellular adhesion
molecule -1 (ICAM-1)) and C D la is selectively expressed by Langerhans cells
(Rowden et al, 1977; Steinman, 1981; Romani et al, 1989). The immunological effect
o f the Langerhans cells involves the activation o f the T lymphocytes that circulate
freely in the skin. A study by Edwards and Morris (1985) has shown the distribution
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o f the Langerhans cells in the lower female genital tract to be 19 per 100 basal
squamous cells in the vulva.

Langerhans cells associate physically (via antigen presentation) with epidermal
lymphocytes during an allergic skin reaction (Edelson & Fink 1985). Basal
Langerhans cells have dendritic processes that penetrate the basement membrane and
make contact with subepithelial stromal capillaries (Morris et al, 1983). This indicates
transfer o f antigenic information from Langerhans cells to endothelial cells and this
agrees with the suggestion that vascular endothelium is involved in the process o f cell
mediated immune responsiveness. MacKie (1984) believes they may also be involved
in kératinisation. Kératinocytes are also believed to perform a significant role in postthymic maturation o f T lymphocytes (Patterson & Edelson, 1982).

Merkel cells. These were first described in 1875 by Merkel and are o f epidermal
keratinocyte origin (Moll et al, 1996). They are found throughout the skin, found
singly or in clusters in the basal layer. Their dendritic cytoplasmic processes surround
kératinocytes (Winkelmann, 1977) but their cell bodies are closely associated with
continuous nerve fibres (Winkelmann & Breathnach, 1973). Merkel cells fimction as
mechano-receptors and may contribute to the development o f the nerve plexus o f the
upper dermis (Haake et al, 2000).

The Dermis
The dermis is the connective tissue component, which protects the underlying
structures from mechanical injury, binding water, aiding in thermal regulation and,
including receptors for sensory stimuli. The dermis interacts with the epidermis; the
two regions collaborate during development in the morphogenesis o f the dermalepidermal junction. The dermis is divided into papillary and reticular parts. The
papillary dermis projects up into the rete ridges and is composed o f collagen fibres
running at right angles to the surface, together with reticular and elastic fibres. This
arrangement o f fibres supports vascular and lymphatic channels as well as nerves. The
reticular dermis lies below the papillary dermis and is composed o f coarse collagen
fibres lying parallel with the surface. The collagen fibres are thicker than the elastic
fibres, which prevent the dermal collagen from being overstretched. The vascular and
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lymphatic plexuses, which drain the papillary dermis, lie within the reticular dermis,
which also contains the nerve fibres associated with the papillary nerve terminals.

Collagen. This is the major dermal constituent, with over twenty genetically distinct
collagens identified (Kadler et al, 1996). Collagen molecules are composed o f three
chains, which can be identical or distinct depending on the type o f collagen. All chains
have a helical domain consisting o f a globular terminal domain and Gly-X-Y where X
and Y are often proline and hydroxyproline. In the adult, interstitial fibrillar collagens
(types I, III and V) account for the greatest proportion o f total collagen.

Elastic fibres. These have both microfibrillar and amorphous matrix components.
Several glycoproteins have been identified as constituents o f the microfibrils, the most
characterised being fibrillin. A number o f other molecules, vibronectin, decay
accelerating factor and fibronectin, also being associated. Turnover is slow in the
dermis, with accelerated turnover caused by ultra-violet light and inflammation. There
are a number o f other glycoproteins associated with the elastic fibres, forming a gel
like mixture (e.g. glycosaminoglycans, proteoglycans, hyaluronic acid and decorin a
small dermatin sulfate molecule) (Haake at al, 2000).

Fibroblasts. This is the primary cell type o f the dermis and is a mesenchymally
derived cell that is responsible for the synthesis and degradation o f fibrous and nonfibrous connective tissue matrix proteins by releasing a number o f soluble factors.
Fibroblasts are a diverse population. Fibroblasts play an important role in wound
healing and in the formation o f hypertrophic scar tissue. Fibroblasts respond to a
number o f cytokines (e.g. interleukin-alpha (IL -la)) and growth factors (e.g. insulin
growth factor-I; IGF-I).

Monocytes, macrophages and dermal dendrocytes. These constitute the
mononuclear phagocytic system o f cells in the skin. Dermal dendrocytes, are abundant
in the papillary dermis (Headington, 1986). The number is elevated in inflammatory
conditions, e.g. psoriasis and the cells are stimulated to express markers o f
inflammation, e.g. ICAM-1, but their numbers are reduced or absent from malignant
fibrotic tumours. Macrophages originate from precursor cells o f the bone marrow that
differentiate into monocytes in the blood, migrate into the dermis where they become
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tissue histocytes. Macrophages are phagocytic, they process and present antigens to
immunocompetent lymphoid cells; they are microbiocidal, secrete growth factors and
cytokines.

Mast cells. These originate from CD34+ stem cells. In the skin they are distributed in
the greatest density at the papillary dermis, near the dermal-epidermal junction. They
play a role against parasites, stimulate chemotaxis, promote phagocytosis, stimulate
connective tissue repair and angiogenesis. They may also play a role in tumour
detection via the release o f TN F-a (tumour necrosis factor-alpha).

1.2.iv Blood supply
Branches o f the internal iliac and femoral arteries provide the arterial blood supply to
the vulva. The internal pudendal artery enters the urogenital triangle and gives rise to
the perineal branch, which supplies the perineal body and structures situated in the
more superficial perineal pouch. The parent artery enters the deep perineal pouch and
supplies the erectile tissue o f the vestibule. The femoral artery gives off the superficial
and deep external pudendal arteries. The superficial external pudendal artery pierces
the deep fascia o f the thigh. It runs medially to supply the mons pubis and labia o f the
vulva. The deep external pudendal artery pierces the deep fascia o f the thigh medially
to enter the labia o f the vulva. Within the superficial perineal pouch the terminal
branches o f the internal and external pudendal arteries anastamose.

The venous drainage of the perineum follows the same pattern and eventually reaches
the femoral and internal iliac veins.
1.2.V Lymphatic Drainage

Lymphatic capillaries arise in the extracellular tissue spaces and form larger channels,
which drain to the regional lymph nodes. Efferent vessels leave these regional nodes
and lymph passes through intermediate nodes before returning to the blood via the
thoracic duct.

The regional lymph nodes o f the vulva and perineum are situated in the groin at the
base o f the femoral triangle. These superficial nodes then drain to deeper nodes in the
pelvis and later to the para-aortic nodes on the posterior abdominal wall. The
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perineum has bilateral drainage hence the lymphatic drainage o f either labium minus
is to both the ipsilateral and contralateral superficial lymph nodes (Iversen & Aas,
1983).

1.2.vi Innervation
The vulva has both somatic and autonomic innervation and in each there are sensory
and motor components. The nerve supply o f the perineal area anteriorly is
supplemented by input from the upper lumbar segments i.e. L I, 2. The autonomic or
visceral innervation o f the perineum is entirely from the most caudal elements o f both
the sympathetic and parasympathetic systems. The sympathetic outflow from and
input to the central nervous system is restricted to the region between the first thoracic
and second lumbar levels o f the spinal cord. The sympathetic innervation o f the
perineum is located at L I, 2. It reaches the perineum via post ganglionic grey rami
communicates.

The cutaneous innervation o f the perineum conveys all common sensations such as
pain, touch, itch, warmth and cold plus sensations such as wetness.
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1.3 THE EMBRYOLOGY OF VULVAL SKIN

The primitive epidermis is established at about the eighth day o f gestation when the
ectoderm differentiates within the developing embryo. At this stage the epidermis is a
single layer o f cells but during the next three weeks the specific features o f the
epidermis develop which distinguish it firom other epithelia (Holbrooke, 1983). The
periderm, the second outer layer, develops beneath which the primitive epidermis
begins stratification. At the end o f the sixth month, kératinisation occurs with the
formation o f the hom y layer and the periderm is sloughed off into the amniotic fluid
(Parkin et al, 1969).

During the first six months o f gestation, three cell types invade the developing
epidermis: melanocytes, derived from the neural crest (Niebauer, 1968); Langerhans
cells, derived from the mesoderm (Breathnach & Wyllie, 1965), which are present at
the end o f the third month and Merkel cells, which are present at the end o f six months
(Breathnach, 1971).

Primary hair follicles form during the third month o f gestation. Secondary hair
follicles form in close association and it is believed that the full complement o f hair
follicles are present at birth (Ebling, 1968). Sebaceous glands appear in the fourth
month and differentiation o f primordial cells into sebum producing cells also occurs at
this time (Holbrooke, 1983). The development and function o f sebaceous glands are
thought to be regulated by maternal androgens and endogenous fetal steroids
(Solomon & Esterly, 1970). The apocrine glands develop in the sixth month o f intra
uterine life.

The components o f the dermis originate from the mesoderm during the second month
o f embryonic life. The major cellular component is the fibroblast, which synthesises
and secretes the amorphous and structural connective tissue matrix, which supports
the epidermal appendages and other component tissues. The organisation o f the
dermis is progressive throughout gestation and is not complete until some months
after birth.
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1.4 DISEASES OF THE VULVA
1.4.i Non-neoplastic epithelial disorders of the vulva (NNEDV)

The most recent classification from the International Society for the Study o f VulvoVaginal Disease (ISSVD; Wilkinson, 1990) has eliminated the term ‘dystrophy’ and
replaced it by the term ‘non-neoplastic epithelial disorders’, which includes: lichen
sclerosus, squamous hyperplasia and other dermatoses.

1.4.ii Lichen Sclerosus (LS)
Aetiology and pathogenesis
Lichen sclerosus (LS) is an inflammatory disease o f unknown aetiology and
pathogenesis. LS has been given a plethora o f names, however the term LS has been
adopted by the ISSVD (Wilkinson, 1990) and approved by the International Society o f
Gynaecological Pathology.

LS is a disorder o f the skin, which is commonest in the genital area but can occur
anywhere on the body. It affects both sexes and all age groups. It is commonly
reported in Caucasians though this may be due to a reporting bias as it has also been
observed in other racial groups, e.g. Asian, Oriental and African (Tagami, 1972; Jacyk
& Isaac, 1979; Datta et al, 1993). In a review by Meffert et al (1995) o f 5,207 patients,
the female to male incidence was reported as 6:1, with genital involvement in 83%.

The majority o f sufferers o f anogenital LS are middle-aged and elderly women. The
predominant symptom in females is an intractable itch, which is often associated with
dysuria, dyspareunia, dryness o f the skin, labial stenosis or fusion and, in children
with constipation (Laude et al, 1980). Extra-genital LS commonly does not itch and is
most frequently found on the neck, trunk, upper arm, thigh or shoulders. Early genital
LS begins as white polygonal papules that coalesce into plaques. Late genital LS in
women is characterised by the re-absorption and/or coaptation o f the labia minora
(Figure 3) and péricliterai structures (Friedrich, 1983).

The aetiology and pathogenesis o f the disease is as yet unknown. Inciting factors
which have been postulated include warmth and moisture, low-grade infection, tight
or nylon underwear and trauma, (Adair et al, 1940; Jeffcoate, 1966; di Paola et al.
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1982). There is evidence o f an association between LS and autoimmune disease
(Meyrick Thomas et al, 1988) and patients with LS have been found to have an
increased incidence o f autoimmune antibodies (Tremaine & Miller, 1989), increased
familial incidence (Sahn et al, 1994), increased familial incidence o f an autoimmune
disease and an association with vitiligo, alopecia areata and thyroid disease (Lynch et
al, 1962). There is also an association with certain HLA types (Powell et al, 2000) and
a suggested link to blood group A (Rolfe et al, 2002).

Cytokines have been implicated in the pathogenesis o f LS due to their role in the
immune response, inflammation and fibrosis. Infectious agents such as spirochaetes
have also been suggested (Ross et al, 1990) but others have found no such link (Dillon
et al, 1995). Haefher et al, (1995) found human papillomavirus (HPV) nucleic acids in
50% o f LS associated with vulval intraepithélial neoplasia (VIN) while others (Ansink
et al, 1994) found HPV-DNA in seven vulval cancers associated with LS.

Hormones have also been implicated, especially testosterone. Friedrich & Kalra
(1984) suggested that there is a defect in the function o f 5-a reductase. Local
recurrence o f LS following vulvectomy and the observation by Whimster (1965) that a
healthy split skin from the thigh grafted on to lichen sclerotic vulval skin developed
LS, while LS skin grafted onto a donor site became ‘normal’ suggests that ‘local
factors’ must be involved.

Pathological features
The typical histological features o f genital LS were described by Goolamali &
Goolamali (1997) and are shown in Figure 4:
1. Flattened epidermis with variable hyperkeratosis (increased thickness o f the
normal anucleate stratum comeum) and atrophy o f the stratum Malpighi.
2. Hydropic degeneration o f the basal cells.
3. Oedema in the papillary and reticular dermis with homogenisation o f the collagen
in the upper dermis.
4. Inflammatory infiltrate in the dermis. The earlier lesions have a more superficial
located infiltrate compared to mature lesions where the inflammatory infiltrate is
found in the reticular dermis underlying the homogenised zone.
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Figure 3: Clinical picture o f LS demonstrating coaptation and loss o f labia minora.

Figure 4: H&E o f vulval LS. Magnification x40.
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Overall the appearance is similar whatever the age o f the patient. The hyperkeratosis
is often thicker than the underlying epidermis. There is often vacuolar degeneration o f
the basal layer. The most striking changes are found in the upper dermis, which
becomes oedematous, homogenised in early lesions and hyalinised and sclerotic in
later lesions. The dermal superficial vascular plexus is pushed deeper. Most studies
agree that the elastic tissue in the dermis degenerates to the point o f complete absence
(Ackerman et al, 1982; Helm et al, 1991). Ackerman et al, (1982) have found changes
in collagen and in the basement membrane itself which was also confirmed by Marren
et al (1997). There is often a lichenoid mononuclear infiltrate, which can be dense and
extensive or sparse and patchy in well-established lesions. The inflammatory infiltrate
shows specificity in LS (Carlson et al, 1997); there is persistent activation o f
epidermal-antigen presenting cells and lymphoid cells in the evolutionary phase (Carli
et al, 1991) and immunoreactants are deposited at the dermal-epidermal junction or
within the dermis (Bushkell et al, 1980; Dickie et al, 1982).

Risk o f vulval cancer
There have been many studies assessing the risk o f vulval cancer in inflammatory
diseases o f the vulva. Wallace (1971) reported that 12 o f 290 (4%) patients developed
squamous cell carcinoma (SCC) o f the vulva following a history o f LS during a
twelve-year period but other follow-up studies have shown a wide range o f risk o f
progression (Table I).

Others have looked at the skin adjacent to SCC, which not uncommonly shows
epithelial disorders. The most common are LS and squamous hyperplasia (SH). The
epithelial changes seen adjacent to SCC have been described by a number o f authors
(Table II). There has been a wide variation (4% -76.I%) in the reported incidence o f
LS as the adjacent lesion (Buscema et al, 1980; Vilmer et al, 2000).

Treatment
There have been a variety o f treatments suggested for LS in the past; carbolic acid
(Taussig, 1922), tattooing the vulva with mercuric sulphide (Turell, 1941), parenteral
and oral mercury (Cummer, 1946), cauterisation (Barker & Gross, 1962), injection o f
alcohol (W oodruff & Thompson, 1972), cryotherapy (August & Milward, 1980) and
excision (Klein et al, 1984).
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The symptom o f intractable itching has led to the use o f topical anaesthetics and the
use o f topical testosterone has also been tried (Friedrich & Kalra, 1984), but both have
been associated with side effects (Barker & Gross, 1962; Parker & Bergfeld, 1991).
Acitretin and etetinate, synthetic derivatives o f retinoic acid, have been used in
extensive LS with some success, the theory being that vitamin A (retinol) is essential
for normal epithelial growth and differentiation (Bousema et al, 1994).

Others have compared the use o f testosterone, progesterone and Clobetasol propionate
and showed that potent topical corticosteroids were the treatment o f choice (Bracco et
al, 1993), with concerns regarding the long term side effects refuted in a study
following patients on potent topical corticosteroids for three years (Dalziel &
Wojnarowska, 1993). Long-term maintenance on lower potency corticosteroids also
appears to improve symptoms. As yet there have been no published studies to
demonstrate a reduction in the incidence o f vulval cancer with the use o f topical
corticosteroids; in fact there are two reports in the literature describing the progression
o f LS to SCC even with adequate topical corticosteroid treatment (Carli et al, 1995;
Rolfe et al, 2001). Surgery is restricted to situations when topical measures have been
unsuccessful or there is a suspicion o f invasive disease.

1.4.iii Squamous Hyperplasia (SH)
Like LS, SH is a pruritic disorder often seen in postmenopausal women. The clinical
appearance is o f raised white plaques on the vulva, which may involve both labia
majora and minora. Clinically these features may be confused with lichen simplex
chronicus, LS with associated hyperkeratosis and VIN (warty or Bowenoid type). The
histological features are o f epithelial hyperplasia with acanthosis (thickening o f the
epidermis), hyperkeratosis, parakeratosis (thickening o f the stratum comeum with
retained keratinocyte nuclei) and irregular prolongation o f the rete ridges. Associated
with hyperkeratosis there is often a prominent granular layer. The superficial dermis
often contains an inflammatory infiltrate close to the epidermo-dermal junction. Some
believe that SH is due to the itch-scratch cycle ( Scurry, 1999).

Treatment involves the use o f moderate to potent topical corticosteroids, but some
authors have demonstrated that treatment can be more difficult for patients with SH,
requiring longer periods o f time on potent topical corticosteroids compared to LS
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Study

Risk o f progression

Wallace, 1971

4% incidence in 290 cases

Hart et al, 1975

5% incidence in 107 cases

Meffert et al, 1995

5.4% incidence in a 5207 cases

Carlson et al, 1998

4.5% incidence in 3,093 reported cases*

♦Reviewed retrospective and prospective studies o f patients with known LS

Table I: Incidence o f LS progressing to SCC

A djacent epithelial abnorm alities:

Reference

VIN

dVIN

33%

2%

31%

4%
AHD=19% 32% =TH D 8% =M D
25%
AHD=53% THD=23%M D=7%
36%**
10%
15%* *

10%
12%

40%
40%

13%
9%

32%

LS

SH

7%
9%

48%
51%

Normal
Buscema et al, 1980
Zaino et al, 1982

8%

Leibowitch et al,
1990
Toki et al, 1991
Kurman et al, 1993
MacLean, 1993

32%
36%=NNEDV
13% VIN+NNEDV
5%

25%
24%
19.4%

39%
76.6%

9%
31%
19% both LS+SH
48%
92%
76.1%*

11%

Rueda et al, 1994

7%
4.5%

Scurry et a l , 1997
Vilmer et al, 2000

*all LS cases except 2 were associated with SH ; ** associated with LS
AHD = atypical hyperplastic dystrophy; THD = typical hyperplastic dystrophy; MD =mixed
dystrophy ; VIN = vulval intraepithélial neoplasia; dVIN= differentiated VIN.
Note that most cases had more than one change.

Table II: Review o f studies assessing adjacent lesions to SCC.

38

patients (Clark et al, 1999).

1.4.iv Differentiated vulval intraepithélial neoplasia (dVIN)
dVIN was first reported in the 1960s by Abell et al (1965) who described a highly
differentiated form o f vulval squamous cell carcinoma in situ. Unlike ‘classical’ VIN,
dVIN rarely extends through the full thickness o f the epidermis. In 1976 the ISSVD
adopted a classification for vulval diseases in which some terms were removed. In
place o f these terms generic designations were proposed such as ‘vulval atypia’ and
‘squamous cell carcinoma in situ (CIS)’ which resulted in obscuring the importance o f
the observations o f Abell. However, in 1986 the ISSVD revised the classification and
introduced the term VIN to include all forms o f dysplasia and CIS. Differentiated VIN
was to be graded as VIN III. Yang & Hart (2000) proposed that dVIN was probably
the precursor o f the majority o f invasive SCC associated with NNEDV. Recently there
was an investigation of a patient whose serial biopsies over time, showed areas o f
dVIN and abnormal cell cycle protein expression could be identified which predicted
the later development of malignancy (Rolfe et al, 2001 ; Chapter 8).

Pathological features
Clinically, these lesions remain difficult to diagnose with pathological descriptions
often being limited, unless malignancy is present. The epidermis is often thickened
with a parakeratotic surface reaction. Rete ridges are often elongated and can be
branched. The majority o f the epidermis may be composed o f normal appearing
squamous cells though in some cases there is prominent dyskeratosis with individual
cell kératinisation. These abnormal cells may be enlarged with large vesicular nuclei
with macronucleoli and with plentiful eosinophilic cytoplasm. Intercellular bridges
may be prominent, which is believed to be associated with some loss o f cell cohesion.
Whorls o f differentiation with or without keratin pearls can be present (Figure 5).

1.4.V Vulval intraepithélial neoplasia (VIN)

Prior to the ISSVD re-classification o f vulval disease VIN was known under a wide
variety o f terms. Lesions are now classified on the basis o f the degree o f maturation
abnormality, in a similar manner to the assessment o f cervical intraepithélial neoplasia
(CIN).
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Figure 5: H&E stained section demonstrating dVIN adjacent to SCC. There is basal
atypia and overlying dyskeratosis with a moderate underlying chronic inflammatory
cell infiltrate. Magnification x 200.
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Figure 6: H& E stained section o f classical VIN III showing distorted maturation with
full thickness cytological atypia. Magnification x 100.
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Clinically, VIN lesions can be white, erythematous, or pigmented and they can be
asymptomatic or pruritic. Most lesions are present on the labia minora and perineum.
Lesions can be discrete and sharply localised or may affect the whole vulva. Between
70 and 75% o f lesions are multifocal, especially those associated with HPV (Powell et
al, 1986; Twiggs et al, 1988; Husseinzadeh et al, 1989).

There has been a significant increase in the incidence o f VIN over the last two
decades (Sturgeon et al, 1992; Iversen & Tretli, 1998). This increase has been
demonstrated in younger women (Joura et al, 2000). This worldwide increase o f VIN
in younger women appears to be associated with HPV infection (Kainz et al, 1985).
There is an association between VIN and synchronous or metachronous CIN (20-25%
patients; Buscema & Woodruff, 1980) while 8-40% will have a concurrent or
subsequent invasive neoplasm.

Histologv
VIN is characterised by disturbances o f cellular stratification, differentiation and
maturation. Two basic patterns have been identified in relation to undifferentiated
VIN (Buscema et al, 1980): basaloid or ‘simplex’ VIN, in which cells o f basal or
parabasal type extend into the upper layers o f the epidermis (Figure 6) and Bowenoid
or ‘warty’ VIN in which premature cytoplasmic maturation occurs often in association
with epithelial multinucleation, corps ronds and koilocytosis. Common to both forms
are the presence o f mitotic figures (often atypical) above the basal epithelium, cellular
and nuclear pleomorphism, high nucleo-cytoplasmic ratio, irregular nuclear chromatin
and either parakeratosis or hyperkeratosis. The two forms are not mutually exclusive
and can co-exist.

Grading o f VIN
VIN has been graded similarly to CIN with VIN 1 (or low grade VIN) demonstrating
the abnormal maturation confined to the lower third o f the epithelium; in VIN 11 to the
lower two-thirds. VIN 111 (or carcinoma in situ or dysplasia) the abnormal maturation
o f the kératinocytes is seen through the full thickness o f the epithelium (Figure 6).

41

Human papilloinavirus (HPV)
VIN shows many features o f HPV infection; koilocytic atypia, multinucleation and
individual cell kératinisation. It has been shown that 80-90% o f VIN contains HPV-16
or related types, with the association decreasing with increasing age (Twiggs et al,
1988; Park et al, 1991). Certain HP Vs have been particularly implicated in genital
neoplasia (McCance et al, 1988), namely H PV -16, 18, 31, 33, 34 and 35. These
oncogenic types o f HPV produce transforming genes E6 and E7. These viral
oncoproteins have been shown to interact with cell cycle proteins and will be
discussed later.

Risk o f vulval cancer.
The overall degree o f risk for a woman with VIN eventually progressing to invasive
carcinoma o f the vulva is not yet clear, though the risk increases with age. Up to 19%
o f women in their late 50s with VIN will have co-existing invasive disease (Crum et
al, 1984; Chafe et al, 1988). Several studies have reported that approximately 4% of
patients with VIN will progress to invasive vulval carcinoma (Buscema & Woodruff,
1980; Hording et al, 1995). However, what is generally not emphasised in these
follow-up studies is that most o f the patients had already received treatment. Jones and
Rowan (1994) followed untreated VIN and found that seven out o f eight women with
VIN III went on to develop invasive vulva carcinoma. On the other hand several cases
o f spontaneous remission o f VIN have been reported.

Treatment
The natural history o f VIN and its relationship to vulval carcinoma continues to
stimulate a debate in relation to the requirement for treatment (Jones et al, 1998). The
long-term risk o f vulval cancer in women treated for VIN III is between 3.4-7%
(Jones & Rowan, 1994; Herod et al, 1996; Iversen & Trelti, 1998), while, the risk o f
untreated VIN appears higher (Jones & Rowan, 1994). Treatment is usually surgical,
the extent o f the surgery depending on the age o f the patient and whether the disease is
multifocal. VIN is more likely to progress in older patients and those that are
immunosuppressed (Barbero et al, 1993; Homesley, 1995). Topical preparations have
been used, e.g. 5-fluorouracil, topical corticosteroids and bland emollients (Tidy et al,
1996), but surgery remains the mainstay o f therapy.
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1.4.vi Squamous cell carcinoma of the vulva (SCC)
Carcinoma o f the vulva is a relatively uncommon disease with an estimated incidence
o f 1.8 per 100,000 (Silverberg, 1980) which accounts for approximately 4% o f all
gynaecologic malignancies and less than 1% o f all cancers in women (Parker et al,
1997). Because the vulva is covered by stratified squamous epithelium, about 80% to
90% o f primary vulval malignancies are SCC (Figures 7a and 7b); others include
adenocarcinomas, basal cell carcinomas and malignant melanomas. The incidence o f
invasive vulval cancer has not changed over the past 20 years. However, the incidence
o f VIN has nearly doubled from 1.1 to 2.1 per 100,000 woman-years between 1973
and 1987 (Sturgeon et al, 1992). This stable incidence o f invasive disease despite a
steady increase in VIN, could suggest that either more effective treatment o f in situ
disease has controlled the rate o f invasive cancers or that invasive and in situ disease
have different aetiologies (Sturgeon et al, 1992).

Many authors (Andersen, et al, 1991; Toki et al, 1991; Kurman et al, 1993; Trimble et
al, 1996) have suggested that patients with vulval SCC can be divided into two
aetiological groups based on epidemiology, histopathology and molecular studies.
Younger patients tend to have carcinomas associated with HPV infection and
therefore VIN is often seen adjacent to SCC. These tumours are often multifocal and
histologically are often non-keratinising (Andersen et al, 1991; Toki et al, 1991;
Kurman et al, 1993). Older patients generally have a history o f vulval inflammation
particularly LS and rarely have classical VIN or HPV infection, though recent studies
have shown dVIN in some cases (Yang & Hart, 2000) These tumours are usually o f
the keratinising type (Figure 8).

Tumour biologv
About 70% o f SCC involves the labia majora or minora. Approximately 15% to 20%
o f cases involve the clitoris and a similar proportion involves the perineal body. The
tumour is too extensive to determine the original site in about 10% o f patients and the
lesions are multifocal in approximately 5% o f cases (Plentl & Friedman, 1971;
Andreasson & Nyboe, 1985; Shimm et al, 1986). Vulval cancers have three routes o f
spread:
1) direct extension into adjacent organs such as the vagina, urethra, and anus
2) embolisation in lymphatics to regional inguino-femoral lymph nodes
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3) hematogenous dissemination to distant organs such as the liver, lungs, and bone.

The overall incidence o f lymph node métastasés in vulval carcinoma is 30% to 45%
(Hacker, 1993a). Initial métastasés are usually to the superficial inguinal nodes, which
are located in the femoral triangle formed by the inguinal ligament anteriorly, the
border o f the sartorius muscle laterally, and the border o f the adductor longus muscle
medially. Dye studies indicate that the vulval lymphatics are confined within the
labiocrural folds and do not spread laterally into the thigh (Parry-Jones, 1963). The
lymphatic drainage generally does not cross the midline, unless the site o f dye
injection is at the clitoris or perineal body where bilateral lymphatic flow may occur
(Iversen & Aas, 1983).

Lymphatic drainage proceeds from the superficial to the deep inguinal (or femoral)
lymph nodes. These nodes are located beneath the cribriform fascia, medial to the
femoral vein. The deep inguinal nodes drain into the external iliac nodes and up to the
para-aortic chains. Although lymphatic spread generally proceeds in a stepwise
fashion from the superficial inguinal to the deep inguinal and then to the pelvic and
para-aortic nodes, there have been reports o f patients with métastasés to the deep
inguinal nodes without involvement o f the superficial nodes (Parker et al, 1975; Chu
et al, 1981; Hacker et al, 1983b). The incidence o f lymph node métastasés increases
with size and depth o f stromal invasion (Table Ilia & Illb) (Rutledge et al, 1970;
Homesley et al, 1993.)

Any spread beyond the inguinal lymph nodes is considered as distant métastasés.
Distant métastasés are uncommon at initial presentation, but are often seen in women
with recurrent disease. The most common site o f distant métastasés is the lungs.

Vulval cancer is curable when diagnosed at an early stage. Survival is dependent on
the status o f the inguinal nodes since patients without nodal involvement have an
overall survival rate o f 90%. With nodal involvement the overall 5-year survival falls
to 50-60% (Homesley et al, 1991). Overall, about 30% o f operable patients have nodal
spread. A multifactorial analysis o f risk factors in SCC demonstrated that nodal status
and primary lesion diameter, when considered together, were the only variables
associated with prognosis. Patients with uninvolved inguinal nodes and lesions less
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Figure 7a: Clinical picture o f SCC developing in a field of LS.

Figure 7b: Clinical picture o f SCC developing in a patient with VIN who was also
found to have CIN.
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Figure 8: H& E stained section o f a well-differentiated SCC.
Magnification x20.

46

than 2 centimetre (cm) in size had a 98% 5-year survival rate, while those with any
size lesion who had three or more unilateral positive nodes or two or more bilateral
positive nodes had a 29% 5-year survival rate. Intermediate groups with intermediate
survival were also identified (Homesley et al, 1991). These discriminants were most
useful within International Federation o f Gynecology and Obstetrics (FIGO) stage III
disease (Table IV).

Staging o f SCC.
In 1989, the FIGO adopted a modified surgical staging system for vulval carcinoma
and this was updated in 2000 (Benedet et al, 2000). Nodal status is determined by the
surgical evaluation o f the groins. The presence or absence o f distant métastasés is
based on an unspecified diagnostic work-up tailored to the patient's clinical
presentation. The staging system was first revised in 1994, dividing Stage I into lA
and IB based on the depth o f dermal (stromal) invasion (Creasman, 1995). Table IV
shows the most recent FIGO staging system for vulval carcinoma.

Treatment
At the begirming o f the last century, treatment was by simple vulvectomy, but this was
associated with a poor 5-year survival rate o f 20-25% (Way 1948). The adoption o f a
more radical approach with lymphadenectomy increased survival to 60 -70% (Taussig
1940; Way, 1960). However, this radical surgery also resulted in significant physical
and psychological morbidity (Andersen & Hacker, 1983) and currently a more
conservative surgical approach with integration o f radiation therapy has been
advocated. Treatment is based on stage o f disease, position o f the lesion and the
wishes o f the patients themselves. Surgical margins o f 1cm are required to reduce the
risk of local recurrence. Advanced disease can be treated with preoperative
radiotherapy and chemotherapy where appropriate.

Treatment o f metastatic disease.
The incidence o f pelvic node métastasés in vulval carcinoma is less than 10%. Due to
the documented efficacy o f inguinal and pelvic irradiation for patients with positive
groin nodes, the routine use o f pelvic lymphadenectomy in these patients has largely
been abandoned. However, with large metastatic pelvic lymph nodes, authorities
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recommend removal with postoperative radiation or chemoradiation therapy (Deppe et
ai, 1977). Treatment for patients with distant métastasés is largely palliative.

Recurrence
Both treatment and outcome depend on the site and extent o f recurrence (Piura et al,
1993). Radical excision o f localised recurrence gives an approximate 5-year survival
rate o f 56% when the regional nodes are not involved (Hopkins et al, 1990). 5flurouracil may be curative in some patients with a small local recurrence (Russell et
al, 1992).

When local recurrence occurs more than 2-years after primary treatment, a
combination o f radiation therapy and surgery can result in a 5-year survival rate o f
greater than 50% (Shimm et al, 1986).
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Tumour

Number o f patients

diameter

Patients with positive

% with lymph

lynph node

node métastasés

< 1.0cm

101

13

13

1.1-2.0 cm

210

38

18

2.1-4.0cm

289

110

38

>4.0cm

148

71

48

Total

748

232

31

Table Illa. Relationship between primary tumour diameter and lymph node métastasés
in patients with squamous cell carcinoma o f the vulva (Hacker et al, 1983a).

Depth o f invasion

Number o f patients

Patients with positive

% o f lymph node

lymph nodes

métastasés

<1.0mm

178

0

0

1.1-2.0mm

18

11

27

2.1- 3.0mm

157

17

11

3.1-5.0mm

158

38

24

>5.0mm

126

47

37

Total

800

114

14

Table Illb: Relationship between depth o f stromal invasion and lymph node
métastasés in patients with SCC (Hacker et al, 1984).
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Definition/clinical findings

FIGO Stage
Stage 0

Carcinoma in situ, intraepithélial carcinoma; YIN.

Stage 1

Lesions <2cm confined to the vulva or perineum.
No lymph node métastasés.

Stage lA

Lesions <2cm confined to the vulva or perineum with
stromal invasion <1.0mm. No nodal métastasés.

Stage IB

Lesions <2cm confined to the vulva or perineum with
stromal invasion >1.0mm. No nodal métastasés.

Stage 2

Tumour confined to the vulva and/or perineum more
than 2cm in greatest dimension. No nodal métastasés.

Stage 3

Tumour o f any size arising on the vulva and/or
perineum with i) adjacent spread to lower urethra and
/or vagina or anus; and /or ii) unilateral regional lymph
node métastasés.

Stage 4

Tumour o f any size with spread:

Stage 4a

Tumour invading any o f the following: upper urethra,
bladder mucosa, rectal mucosa, pelvic bone and/or
bilateral regional nodal métastasés.

Stage 4b

Vulval tumour with distant métastasés including pelvic
lymph nodes.

mm-millimetre; cm-centimetre

Table IV: FIGO staging for vulval carcinoma.
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1.5 CELL CYCLE. APOPTOSIS AND CANCER

Carcinogenesis is seen as a multistep process along a continuum, from its beginning as
a monoclonal expansion o f a mutated stem cell to its late stage as a disseminated
metastatic disease. This continuum consists o f changes, which can be detected both
histologically and molecularly. The molecular changes often precede any recognisable
morphological change.

Cancer is the result o f a neoplastic process which has been described as an ‘abnormal
mass o f tissue, the growth o f which exceeds and is uncoordinated with that o f normal
tissues and persists in the same excessive manner after cessation o f the stimuli which
evoked the change’ (Willis, 1952). Cancers are heterogeneous conditions, which are
caused through genetic alterations resulting in dysregulation o f the cell cycle and
apoptotic machinery (Johnson et al, 1995). Malignant cells require independence from
mitogenic signals, they may no longer require substratum adherence, or cell-type
specific cytokines and may proliferate faster and lose the ability to undergo apoptosis.
The process o f carcinogenesis is believed to be the result o f a stepwise accumulation
of genetic abnormalities. The exact number and the exact nature o f the abnormalities
for each tumour is not well understood, however, for colon cancer it is known that at
least seven alterations are involved (Fearon, 1997).

The abnormalities that cause cancer often result in changes in different proteins which
are either involved in signalling pathways, or are the products o f oncogenes or tumour
suppressor genes.

Oncogenes: Oncogenes were originally found through the work on tumour viruses in
animals e.g. Rous sarcoma virus work indicated that a single gene carried cancer
causing information. Work identified that these genes from viruses could cause cell
changes but these genes were not found in the progenitor o f the virus. The ancestor
had incorporated the gene into its viral genome and this remodelled gene could
transform cells. This suggested that normal genes had the ability to induce cancer
when mutated and/or over expressed (Weinberg, 2001). The normal genes are termed
proto-oncogenes and encode growth factors, growth factor receptors, intracellular
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signalling proteins, nuclear transcription factors and cell cycle associated proteins. If
these genes are altered (e.g. by mutation, deletion, amplification or rearrangement)
they become oncogenes which cause excess proliferation, as part o f the stepwise
progression to the development o f cancer. The process resulting in increased
proliferation is dominant, with only one allele needing to be altered to confer a
malignant phenotype. Approximately 100 proto-oncogenes have been identified to
date (Yar, 2000) e.g. cyclin D1 (nuclear signalling molecule found altered in vulval
and breast carcinomas encoded by the oncogene CCN D l), p21^'™® (membrane
associated monomeric GTP-binding protein found altered in basal and squamous cell
carcinomas encoded by the oncogene H-ras) and Bcl-2 (mitochondrial membrane
associated anti-apoptotic protein coded by the oncogene Bcl-2).

Tumour suppressor genes: These genes encode proteins, which inhibit cell
proliferation; they include genes that participate in DNA damage repair e.g. TP53.
Tumour suppressor genes will cause a malignant phenotype through loss o f their
activity, therefore loss o f one allele is not usually enough to cause a malignant change,
and loss o f the second allele is also required. However, it is possible through loss o f
one allele that a malignant phenotype through ‘dominant-negative mutations’ can
occur. Alterations in proteins prevent them from performing their cellular tasks
resulting in a change in phenotype through a reduced level o f the protein due to only
one functional allele.

Loss o f function can occur in a number o f ways (chromosomal deletion, point
mutations and viral infections). Examples o f tumour suppressor genes include: RBI
(found altered in function in breast, bladder and lung carcinomas), TP53 (nuclear
transcription factor and growth inhibitor found altered in >50% o f all human cancers
and 90% o f cutaneous cancers) and BRCAl (a gene encoding for a growth inhibitory
zinc-frnger like nuclear transcription factor altered in breast and ovarian carcinomas).

1.5.i Cell Cycle and apoptosis
The cell cycle is a highly organised, complex process which ensures that there is
complete and accurate replication o f the cell prior to division. It is composed o f four
phases: G1 and G2 (the gap phases), the mitosis phase (M) and the DNA synthesis
phase (S) with a fifth phase being the GO or resting phase (Figure 9). The cell cycle is
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controlled by a series o f checkpoints and it has been established that all human
cancers show abnormalities in the cell cycle proteins involved in the G l/S checkpoint
(Clurman & Roberts, 1995).

Key regulators o f cell cycle progression are the cyclin dependent kinases (CDKs),
which consist o f two major subunits, a catalytic subunit and a cyclin (targeting)
subunit. The kinase activity o f the CDK catalytic subunits is dependent on the
association with cyclins. There are a number o f cyclins, which are required at different
stages o f the cell cycle and target specific CDKs. Different cyclins peak at different
stages o f the cell cycle.

A further group o f proteins involved in control o f the cell cycle are the cyclin
dependent kinase inhibitors (CKIs). The CKIs fall into two groups, the Kip/Cip
family, which is composed o f the structurally related proteins

p27 and p57

and the INK4 proteins p i 5, p i 6 ^ ^ , p i 8, p i 9 ^ ^ . The CKI provides a threshold that
the catalytic cyclin-CDK must overcome to allow the cell cycle to progress. However,
the two classes have different inhibiting effects; the Kip/Cip family is capable o f
binding and inhibiting most cyclin-CDK complexes, while the INK4 family is more
specific.

Normal and abnormal cellular growth can be regulated by a number o f external
signals, e.g. growth factors and hormones. Such ligands are bound to receptors present
on the cell surface and within the cell which signal the cell in GO or early G1 phase to
initiate progression through the cell cycle. The signal to replicate therefore influences
the concentration o f G1 cyclins. In the G 1 phase o f the cell cycle the D type cyclins
regulate the phosphorylation o f the retinoblastoma protein (pRb). The amount o f pRb
does not alter throughout the cell cycle but its phosphorylation state does.
Hypophosphorylated pRb arrests the cell cycle (Hinds & Weinberg, 1994) and it is
only when the pRb is phoshorylated that the protein undergoes a conformational
change which releases E2F (the protein required for transcription o f other genes to
allow DNA synthesis; Figure 10).
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A number o f cell cycle proteins have been shown to be abnormally expressed in
human malignancies. Many o f these are involved in the G1 phase and all human
cancers show alterations in genes in this area (Clurman & Roberts, 1995).

Apoptosis provides a mechanism whereby cells are removed in a regulated manner. It
is ‘programmed’ cell death as it is driven from within the cell. The survival o f the cell
depends on receiving signals from its neighbouring cells and from the extracellular
matrix and growth factors along with p53, which plays a major pivotal role in
apoptosis. p53 is involved in the detection o f damage in the DNA strand. p53 then
modifies transcription o f genes e.g. p21

which inhibits cell cycle progression.

There are a family o f genes that encode endogenous cellular proteins that form hetero
and homodimers together. These are the Bcl-2 family; Bcl-2 encodes a 25kDa protein,
o f unknown activity that suppresses cell death. The Bcl-2 protein encodes domains
that provide binding sites for hetero and homodimerisation. One o f these homologues
is Bax, which accelerates cell death with certain signals e.g. decline o f
growth/survival factors. It has been proposed that it is the concentration o f these
proteins, which determine whether the cell will survive or undergo apoptosis.

Cell cycle and apoptotic proteins involved in this work are discussed below:
Cvclin D1
Cyclin D1 activation was first observed in parathyroid adenomas as a result o f
chromosomal inversion involving the locus l l q l 3 (where it is located) and the
parathyroid hormone locus 1 Ip 15 (Arnold et al, 1989). Translocation has also been
demonstrated in some lymphomas (Rosenberg et al, 1991) and activation by gene
amplification and increased mRNA/protein expression (Fernandez et al, 1998). Cyclin
D1 appears to be associated with hormone receptor expression, with in vivo
experiments showing that cyclin D1 is upregulated by oestrogens (Sutherland et al,
1993; Altucci et al, 1996; Prall et al, 1997) and down-regulated by anti-oestrogens
(Musgrove et al, 1993; Watts et al, 1995). Cyclin D1 has been reported to activate the
oestrogen receptor by binding to it, upregulating the oestrogen receptor mediates
transcription o f a wide number o f targets (Zwijsen et al, 1997). The upregulation o f
cyclin D1 does not always correlate with increased proliferation o f tumour cells and a
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number o f hypotheses have been put forward to explain this, e.g. upregulation occurs
early in tumour development or is toxic to the cell.

Cyclin D1 expression is also induced by wild type p53 partially mediated by
p21

It is believed that cyclin D1 is a key regulator in the progression through

G 1. Overexpression o f cyclin D1 through whatever means promotes cell cycle
progression and differentiation and shortens the G l-S transition.

Cyclin D1 has been found to be abnormally expressed in a number o f cancers, e.g.
breast carcinomas (Gillett et al, 1994) where there is a link between cyclin D1 and
steroid induced proliferation o f mammary epithelial cells (Dees et al, 1997).

Retinoblastoma protein (pRbk
pRb is a 105kDa nuclear phosphoprotein located at 13ql4.2. Levels o f pRb are not
altered throughout the cell cycle, but its phosphorylation state is cell cycle dependent
(Buchkovich et al, 1989; DeCaprio et al, 1989). Alteration o f this tumour suppressor
gene has been identified in a number o f tumour types. Mutation, viral insertion,
deletion, and inactivation can inactivate the R BI gene along with the phosphorylation
state o f pRb (Weinberg, 1995; Jansendurr, 1996). Absence or decrease in pRb
synthesis detected by immunohistochemistry (IHC) has been observed in breast
carcinomas and appears to be important for neoplastic progression because it is
associated with increased proliferation in tumour cells (Trudel et al, 1992; Tares et al,
1997; Nielsen et al, 1997; Dublin et al, 1998). However, positive IHC does not
necessarily imply a fimctional protein or give information about its phosphorylation
state. Phosphorylation o f pRb allows release o f E2F transcription factors, which are
required for the transcription o f E2F responsive genes and DNA synthesis.

This protein is composed o f 156 amino acids and its gene found at chromosomal
location 9p21. p l6

is a CKI o f CDK4 and 6, which regulate the G1 checkpoint

(Serrano et al, 1993). p l6

inactivation has been shown through homozygous

deletions, mutations, loss o f allele, and hypermethylation, though point mutations are
rare. Inactivation o f p i 6

can result in the cell entering the S phase o f the cell

cycle after only a pause at the G l/S checkpoint. Mutations or deletions o f pRb in some
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cancers have resulted in overexpression o f p l6

(Geradts & Wilson, 1996;

Sakaguchi et al, 1996). pRb is believed to regulate the expression o f pld'^^'^^ as loss
o f pRb results in an accumulation o f p l6

and loss o f function results in increased

proliferation of the cell. In vivo it has been shown that cells expressing HPV-E6 have
also shown an increase in p l6

expression, this has been demonstrated in HPV-

associated tonsillar carcinomas (Andi et al, 1998).

m

Wafl/Cipl.

This is a CKI with a wide range o f substrates and its gene is located on chromosome
6p. p21

is activated through wild type (wt) TP53 and suppresses the cell cycle

by inhibiting the CDK (cyclin D l) required for the G l/S transition. If TP53 is
activated by cell damage this results in an increase in the transcription o f p21
which in turn inhibits the CDK, prevents the phosphorylation o f pRb and therefore the
release o f E2F, and halts the cell cycle. p21

expression is therefore regulated

by wild type (wt) TP53, but recent studies have indicated that it can also be
independent o f TP53 regulation. Studies have demonstrated that p21

induction

can occur in TP53 null cells and those expressing mutant (mt) TP53 (Datto et al,
1995). p21

inhibits proliferation by not only halting the cell cycle but by an

association with PCNA (proliferating cell nuclear antigen) (Zhang et al, 1994). It has
been reported that some mt TP53 remains capable o f transactivating the p21
promoter (Blagosklonny et al, 1995).

p21

has also been implicated in cell differentiation in a number o f cell types

e.g. kératinocytes as well as in tumours e.g. colon carcinoma (Doglioni et al, 1996).
p21

overexpression can be detected by immunohistochemistry (IHC) and is

frequently seen in cancers. It has also been demonstrated that over expression o f
p21

can also regulate the expression o f cyclin D l, suggesting that p21

could be involved in the modulation o f cyclin D l in vivo (Chen et al, 1995).

TP53:
TP53 or the ‘guardian o f the genome’ is regulated in three ways: by DNA damage, by
E2F and in a negative feedback loop by M DM -2/pl9

In normal mammalian cells

in response to stress such as oxygen deficiency or DNA damage, TP53 is activated
which results in programmed cell death or apoptosis (e.g. through Bax), or cell cycle
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arrest (through p21

or both (Lane, 1998). TP53 is located on the short arm o f

chromosome 17pl3.1. Loss o f normal TP53 function can be produced by a number o f
mechanisms including mutations, deletions, insertions, rearrangements and the
formation o f complexes with viral oncoproteins. For example, E6 binds to a cellular
protein called E6-AP and this complex then binds to p53. E6-AP is an ubiquitin ligase.
Cellular enzymes load it with activated ubiquitin molecules, which are then
transferred to p53. Ubiquitin loading o f p53 targets it for degradation by proteasome
mediated proteolysis. The forced entry into S phase in conjunction with genomic
instability, resulting from p53 degradation, may lead to malignancy.

The majority o f the mutations found in TP53 have been located in the highly
conserved region o f exons 5-8. IHC detects the over expression o f the p53 protein,
caused by the lengthening o f its half-life, due to such mutations. However, negative
staining does not always correlate with the presence o f wt TP53 as certain frameshift
mutations result in a protein with its structure altered in such a way that antibodies
will fail to detect it in IHC. In turn, positive staining for p53 does not necessarily
imply a mutation in its gene as other factors can stabilise the protein resulting in a
lengthened half-life, e.g. a regulatory defect or stabilisation by other proteins such as
Mdm-2.

Mdm-2:
The gene for this protein is located on chromosome 12. Mdm-2 can associate with
both mt and wt TP53 and will inhibit TP53-mediated transcription o f other genes
(Wiethege et al, 1994). Over expression may act as a negative regulator o f p53
function. Mdm-2 expression induced by wt p53 activity suggests a complex
autoregulation mechanism involving these two proteins (Wiethege et al, 1994).

Bcl-2:
The gene encoding Bcl-2 is located at 18q21; it was originally discovered in follicular
B-cell lymphoma in which there was a chromosomal translocation (Aisemberg et al,
1988). However, transregulatory mechanisms appear responsible for the over
expression o f Bcl-2 protein production in a number o f solid tumours such as breast
carcinoma (Silvestrini et al, 1994) and non-small cell lung cancer (Pezzella et al,
1993). p53 is one o f the most important transregulators o f Bcl-2 in cancer. Negative
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response elements for wt TP53 have been discovered in the 5 ’ untranslated regions o f
the Bcl-2 gene and this enables wt TP53 to mediate repression o f the Bcl-2 gene
(Miyashita et al, 1994). Mutant TP53 could therefore, in theory, result in over
expression o f Bcl-2. Bcl-2 is found in the outer mitocohondrial membrane, nuclear
membrane and the endoplasmic reticulum (Kroemer, 1997). Although, its biochemical
mechanism remains enigmatic, Bcl-2 protein appears to control a distal step in the
apoptotic pathway. Elevated levels o f Bcl-2 protein can render tumour cell lines more
resistant to chemotherapeutic drugs and radiation (Kamesaki et al, 1993).

Bax:
The Bax protein shares 21% homology with the Bcl-2 protein and can be considered
the main promoter o f apoptosis (Oltvai et al, 1993). Its function as a dimer, Bax-Bax
can be opposed by heterodimerisation with Bcl-2. TP53 is therefore the main regulator
o f apoptosis through the regulation o f the levels o f Bcl-2 and Bax and therefore any
form o f inactivation o f TP53 will therefore result in abrogation o f cell death through
an imbalance o f Bcl-2: Bax. It has been proposed that it is the ratio o f Bcl-2: Bax, and
other members o f the Bcl-2 family that will influence either apoptosis or protection
from apoptosis. Therefore a reduction o f Bax is equivalent to elevated levels o f Bcl-2.

Ki67:
Ki67 is a cell cycle protein found throughout the cell cycle with the exception o f the
resting phase (GO). Ki67 function has yet to be identified but it is commonly used as a
clinical marker to diagnose tumour development and prognosis as it is a marker o f
cellular proliferation. Ki67 has been shown in certain diseases e.g. Barrett’s
oesophagus to indicate increased proliferation in an early stage o f neoplastic
progression (Barrett et al, 1999).

58

1.6 HUMAN PAPILLOMAVIRUS (H P \0

The papillomaviruses are small with a closed circular double stranded DNA genome
containing 8000 base pairs. The viral genome can be divided into:
i.

The early region (E), which encodes regulatory proteins that, are necessary for
the establishment and maintenance o f viral replication.

ii.

A late region that encodes two viral capsid proteins, LI and L2.

iii.

A long control region (LCR) or upstream regulatory region (URR) that
contains regulatory elements for replication and transcription.

These viruses exhibit a high degree o f tissue tropism for squamous epithelial cells.
There have been approximately 100 different HPV types defined by sequencing a
portion o f the LI open reading frame.

HP Vs infect basal epithelial cells through the a6 p 4 integrin receptor (Evander et al,
1997), but replication and viral gene expression is dependent on the differentiation
status o f the squamous epithelial cell. Viral particle production is restricted to the
differentiated upper layers o f the epithelium and mRN As from both the early and late
region o f the genome are transcribed. Biosynthesis o f the late viral proteins, viral
capsid formation, and virus production is restricted to the outermost terminally
differentiated cells. Papillomavirus can cause a persistent non-productive infection in
the basal cells by residing and infecting the stem cells.

Approximately 30 different HPVs infect the anogenital tract epithelium, with
transmission being through direct contact. HPVs associated with anogenital tract
lesions can be divided into low-risk, e.g. HPV-6 and HPV-11, which are associated
with genital warts (condyloma acuminata) and high-risk HPVs e.g. HPV-16 and HPV18, which can cause squamous intraepithélial lesions which are considered premalignant.

1.6.i HPV and carcinogenic progression
The most common hallmark o f malignant progression o f squamous intraepithélial
lesions is the physical integration o f the viral genome into the host DNA. This is
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believed to represent a terminal event for the propagation o f the virus (Durst et al,
1985). Work on the clonal HPV integration pattern in cervical cancer has
demonstrated that integration occurs prior to the clonal outgrowth o f the tumour,
which supports a mechanistic role for malignant progression. Integration can occur at
any position in the host genome, including the vicinity o f known oncogenes with
disruption o f E2. Following integration, and disruption o f E2, E6 and E7 o f the viral
genome escape tight regulation resulting in increased expression o f these two genes.

E6 has been found to target p53, by binding to a cellular protein A ? to produce E6AP, which can then complex with p53 (Huibregtse et al, 1991). This complex results
in the proteolytic degradation o f p53 by a mechanism involving the ubiquitindependent protease system. The accelerated degradation o f p53 results in a failure o f
wt p53 to arrest the cell cycle in response to damage (Kessis et al, 1993).

The amino terminal region o f E7 shows a sequence similarity to conserved regions
which have been shown to be binding sites for several cellular regulatory proteins
including the pRb and other related proteins e.g. p l0 7 and p l3 0 (DeCaprio et al, 1988;
Whyte et al, 1988; Dyson et al, 1989; Münger et al, 1989). E7 can activate
transcription o f E2F responsive promoters and disrupt and/or inactivate the
transcriptional repression o f E2F pocket protein complexes. However, genetic studies
have indicated that disruption o f the E2F regulatory circuit by interacting with pRb is
not sufficient for immortalisation and there must be other cellular targets for E7 (Jones
& Münger, 1996). E7 can also interact with the AP-1 family o f transcription factors
(Antinore et al, 1996), p27 '''''' (Zerfass-Thome et al, 1996) and p21

(Jones &

Münger, 1996).

Even infections with high-risk HPV rarely result in carcinogenic progression since
most lesions will regress spontaneously. It has been estimated that a woman infected
with high-risk HPV has less than a 1 in 30 life time risk o f developing cervical cancer.
Also, several decades pass between infection and cancer indicating other factors must
also be involved in the progression to malignancy.
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1.7 AIMS:
1. To assess G l-S cell cycle protein and apoptotic protein expression in LS not
adjacent to vulval cancer using immunohistochemistry. To evaluate any cell cycle
or apoptotic protein expression changes in association with the use o f topical
corticosteroids.
2. To assess G l-S cell cycle protein and apoptotic protein expression in SCC and to
evaluate if expression o f these proteins can be used for determining prognosis
and /or recurrences.
3. To assess G l-S cell cycle protein expression and apoptotic protein expression in
lesions adjacent to SCC. To compare these results with normal vulval tissue and
with vulval disease not adjacent to SCC.
4. To determine G l-S cell cycle protein expression and apoptotic protein expression
in carcinoma in situ (VIN III) both adjacent to SCC and not adjacent to SCC and
to compare these results with other vulval tissue e.g. normal vulval skin.
5. To evaluate the presence and role o f H PV -16 in SCC and vulval disease using
immunohistochemistry and PCR. To assess the role that HPV -16 plays in the
alteration o f cell cycle and apoptotic protein expression in vulval lesions. To
compare cell cycle and apoptotic changes in pre-malignant vulval lesions (VIN) to
non-neoplastic epithelial lesions o f the vulva.
6. To determine the clonality o f SCC and lesions adjacent to the cancer through loss
o f heterozygosity and TP53 mutations. To determine the role that TP53 mutations
play in SCC and in adjacent lesions and to assess if TP53 mutations are prognostic
for survival and /or recurrences.
7. To evaluate the role o f

in relationship to TP53 mutations.

8. To evaluate the role o f both histological changes and alterations o f cell cycle and/
or apoptotic protein expression over a period o f time in the clinical management o f
vulval disease.
9. To determine the distribution o f blood group in vulval disease, why some blood
groups are under-represented in SCC and its prognostic value in survival in SCC.
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1.8 Hypothesis:

Carcinogenesis is a multistep process with the end result identified as a cancerous
lesion. Cancers are heterogeneous diseases which are hallmarked by deregulated cell
proliferation and suppression o f apoptosis; this results in clonal expansion and
ultimately in invasion o f the underlying stroma, plus metastasis. This altered cell
phenotype is due to changes in oncogenes, tumour suppressor genes and growth
factors which result in a selective advantage for the altered clone o f cells.

The majority o f vulval cancers arise in women with LS and yet the majority o f women
with LS, i.e. 95% or more, will not get cancer. VIN, however, appears to indicate
greater invasive potential, with the majority o f lesions developing SCC, though
spontaneous remission has also been demonstrated.
The hypothesis o f this current work is therefore divided as follows:
i.

Were there differences, at the molecular and histopathological level,
between LS and LS immediately adjacent to SCC? This analysis would
identify the molecular pathways involved in the malignant progression of
LS.

ii.

Could such molecular markers then be o f value as indicators o f survival
and recurrence o f SCC? Such identified differences could alter clinical
management o f certain patients and identify those who were at higher risk
o f developing malignancy from LS.

iii.

Patients whose SCC appears to be associated with LS are older and do not
appear to have HPV infection, while the other group o f patients with SCC
are younger and are more likely to have HPV. SCCs associated with HPV
have a recognised pre-malignant lesion, VIN. To date, SCCs associated
with LS have not had a recognised pre-malignant lesion identified. This
suggests there may therefore be differences in the biochemical pathways
between the two types o f malignant progression. Thus, the third part o f the
hypothesis was that the biochemical pathways leading from LS to SCC
may be different compared to those leading from VIN to SCC.

62

M-Mitosis

S- DNA synthesis

Figure 9 : The cell cycle, demonstrating the cell cycle phases.
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Figure 10: Cell cycle checkpoint G l/S demonstrating the molecular switch with the active cyclin subunit and cdk joining to phophorylate the pRb which
undergoes a conformational change releasing E2F. This allows the cell to move into the S phase of the cell cycle.
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Figure 11 : Apoptosis occurring in the cell.
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Chapter two:

Materials and methods

2 .1

MATERIALS:

2.1. i Reagents:
All reagents are listed with the manufacture in Appendix I, along with the grade o f
reagents, where applicable. Molecular biology grade reagents were used in methods
involving PCR, e.g. DNA extractions, PCR and gel electrophoresis.

2.1. ii Clinical samples:
Local ethical approval was granted for the use o f archival vulval tissue and frozen
tissue. Patient details are shown in Appendix II, along with all relevant clinical data.

Tissue was removed during routine surgery and either snap frozen or placed in
formalin and processed routinely through the Department o f Histopathology, where
the tissue is paraffin wax-embedded

2.1.11.a Frozen tissue:
All frozen tissue was stored at -80°C. Prior to storage the tissue was orientated and
placed on cork using Cryo-M-Bed; the cork and tissue were submerged into liquid
nitrogen to ensure adherence. When required the tissue was cut using a cryostat and
the sections cut to the appropriate thickness, i.e. 5pm for H&E staining and 15pm for
DNA extraction. The sections were placed on either poly-L-lysine or
3-aminopropyltriethoxysilane (APES) coated glass slides to aid adherence, and airdried for approximately fifteen minutes. The slides were stored at -20°C wrapped in
cling film to prevent water loss. Prior to use the sections were fixed using ice-cold
acetone and air dried for a further fifteen minutes. Sections for H&E staining were cut
first and then the sections for DNA extraction (X-chromosome inactivation, loss o f
heterozygosity and TP53 analysis) followed by a final slide, which was H&E stained
to ensure morphology had been maintained after completion o f the sectioning.

2.1.11.b Archival tissue:
There are a number o f methods for fixing tissue, to enable maintenance o f
morphology, depending on the tissue type and which techniques will be used after
sectioning. In this study either 10% formal saline or 10% neutral buffered formalin
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(10% w/v formaldehyde in water) was used. Formalin is a neutral salt employed to
maintain tonicity. The fixative frequently contains a buffering system to maintain the
pH. This is well tolerated by tissues and has a good penetration though it important to
note that in large specimens, fixation may extend beyond optimal times and may cause
shrinkage or distortion. Formalin fixes not by coagulation but by reacting primarily
with the basic amino acids to form cross-linking ‘methylene bridges’. The low
permeability to macromolecules and structures o f intra-cytoplasmic proteins means
they are not significantly altered; though variation in fixation time and conditions may
cause problems in immunohistochemistry (IHC) due to protein degradation. Paraffin
wax embedding can also result in degradation o f some proteins through the heat used.

Tissues were processed using an enclosed automatic processing system (VIP
2000F/300E) programmed with the following processing schedule: 10% neutral
buffered formalin two hours at 40°C, 70% industrial methylated spirit (IMS) one hour
at 40°C, 90% IMS one hour at 40°C, absolute IMS three hours at 40°C, xylene four
hours at 40°C, paraffin wax for three hours at 60°C. Tissues were embedded in
paraffin wax utilising the Tissue-Tek III.

Blocks were cut using a microtome and sections were cut to 5 pm and placed on glass
slides coated in APES (see Appendix I) to aid adherence. Each block had a
corresponding H&E stained slide (see Appendix I).
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2.2 METHODS:

2.2. i Immunohistochemistry (IHC):
All H&E stained sections were examined by two pathologists (JCC & EB) and myself
to review the histopathological features; where any discrepancy was found this was
discussed between the pathologists and a consensus agreed. Histological definitions
were as defined by the ISSVD.

IHC is the specific study o f antigens and antibodies and their reactions with each other
in tissue samples. IHC is a method o f detecting antigens within cells or on cell
surfaces that employs specific antibodies to detect the molecules (antigens) o f interest.
Through a series o f steps, an enzyme that forms a coloured or fluorescent reaction
product (visible with a microscope) is attached to the antibody "probe," allowing one
to determine the presence or absence o f the antigen in the cells, and also to assess its
distribution and variability within a given specimen (Figure 12). This can be
accomplished by viewing the stained slide with a standard or specialised microscope.

IHC provides a permanent record with unsurpassed preservation o f cell morphology
and can be performed on formalin-fixed paraffin wax-embedded tissue, frozen tissue
and cytospins. IHC allows direct visualisation o f the cells bearing (or lacking) the
marker o f interest, so it permits direct correlation with the histopathological features
o f the diagnostic material.

2.2.i.a Monoclonal antibodies:
When a humoral response is provoked by an immunogen an array o f antibodies are
produced in response to different regions o f the immunogen. These antigenic
determinants or epitopes usually comprise o f six to eight amino acids. Antibodies
recognise a three-dimensional shape composed o f discontinuous residues brought
together into juxtaposition by folding o f the molecule (Nelson et al, 1997).

Monoclonal antibodies have unique specificity as they are derived from a single B cell
clone; this enables the development o f a standardised immunoassay system (Nelson et
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Figure 12: Streptavidin-biotin method for IHC.
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al, 1991). Hence, monoclonal antibodies serve as powerful tools in the investigation o f
macromolecules within cells (Blottiere et al, 1995).

2.2.1.b Polyclonal antibodies
Polyclonal antibodies are produced by different cells and are therefore
immunochemically dissimilar. They can react with various epitopes on the antigen
against which they are raised.

2.2.1.c Methods of IHC
There are a number o f IHC methods available; however, the most common and
probably the most sensitive is the streptavidin-biotin method, which utilizes the high
affinity o f avidin or streptavidin for biotin (dissociation constant 10'^^^; Boenisch,
1989). Streptavidin has four binding sites for biotin though, due to molecular
orientation, not all four sites will be filled. This method requires a biotinyiated
antibody as a link. Biotinylation is a mild process whereby the streptavidin will
covalently attach to the secondary antibody. This method has been found to be more
sensitive than other IHC methods (either direct or indirect) and has excellent results
on fixed, paraffin wax-embedded tissue, though there is a need to block endogenous
biotin in some tissues, e.g. liver and kidney.

2.2.1.d Optimisation of IHC protocol
In this work IHC was optimised to ensure reduction o f non-specific background
staining, using suitable positive controls for each respective antibody. The method
used was a streptavidin-biotin method, with monoclonal antibodies were available
(see Appendix Iii). For all IHC, sections were from formalin-fixed paraffin waxembedded tissue. After sectioning and placing on APES coated slides, sections were
stored at 4°C prior to IHC, as there have been reports o f loss o f antigens when left at
room temperature (Prioleau & Schnitt, 1995; Jacobs et al, 1996).

Slides were deparaffinised in xylene and then rehydrated in different percentages o f
ethanol up to distilled water. Endogenous peroxidases were removed by soaking in a
3% fresh solution o f hydrogen peroxide followed by a wash in the buffer phosphate
buffered saline (PBS; see Appendix I). All antibodies were optimised for antigen
retrieval comparing microwaving in sodium citrate buffer (pH 6.0; Appendix I) for 10
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minutes versus protease digestion (Appendix I) or no antigen retrieval. Results were
compared for non-specific staining, nuclear/cytoplasmic staining depending on the
primary antibody used, preservation o f the tissue and overall appearance. As shown by
Table V all primary antibodies with the exception o f Mdm-2 required antigen retrieval
by microwaving for five minutes twice in sodium citrate buffer. The slides were
cooled in the sodium citrate buffer prior to incubation with the antibodies.

Slides were place in a humidity chamber and a serum (normal rabbit or normal goat)
was added to prevent non-specific staining (diluted 1:10 and left on the sections for
ten minutes at room temperature). This serum was then removed by tapping off the
excess and the primary antibody was layered on top using the optimum dilution (Table
V). All dilutions were in bovine serum albumin (BSA) diluted in PBS (see Appendix
I) unless specified.

Optimising o f antibody dilutions was performed for all primary antibodies, starting
with the recommended manufacturer's dilution and then using a range either side. The
sections from the control tissue were then assessed for intensity o f staining and
absence o f non-specific staining. Incubation time was also optimised for all
antibodies, along with incubation temperature, allowing specific staining with the
lowest concentration o f antibody but still providing intense specific staining. Table V
demonstrates the final optimal conditions for vulval tissue for each o f the primary
antibodies.

Following incubation, the primary antibody was washed o ff in two, three-minute
washes with PBS. The secondary antibody was then applied in PBS-BSA containing a
10% dilution of normal human serum (see Appendix I). The secondary antibody uses
the primary antibody as its antigen; hence a mouse monoclonal primary would have a
secondary antibody raised against the mouse. This secondary had been biotinyiated;
i.e. biotin had been added chemically. It was added at a dilution o f 1:200 and was left
at room temperature for forty-five minutes. The secondary antibody was then removed
by two three-minute washes in PBS. The streptavidin-biotin-horseradish peroxidase
complex was then made up in a dilution o f 1:200 and layered onto the tissue and left
at room temperature for forty-five minutes. This was washed off and the slides then
immersed in the chromogen 3, 3 ’-diaminobenzidine tetrahydrochloride (see Appendix
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Antigen

p53

Mdm-2
Ki67

p2]^wan/cipl

Cyclin D l

Bax

Bcl-2

HPV (LI)

pl6lNK4A

pRb

Antigen retrieval

Microwaving for 10
minutes in 2x 5-minute
bursts with a 5-minute
break between.
No antigen retrieval
Microwaving for 10
minutes in 2x5 minute
bursts with a 5-minute
break between.
Microwaving for 10
minutes in 2x5 minute
bursts with a 5-minute
break between.
Microwaving for 10
minutes in 2x5 minute
bursts with a 5-minute
break between.
Microwaving for 10
minutes in 2x5 minute
bursts with a 5-minute
break between.
Microwaving for 10
minutes in 2x5 minute
bursts with a 5-minute
break between.
Microwaving for 10
minutes in 2x5 minute
bursts with a 5-minute
break between.
- Microwaving for 10
minutes in 2x5 minute
bursts with a 5-minute
break between.
Microwaving for 10
minutes in 2x5 minute
bursts with a 5-minute
break between.

1:100

Incubation
time for
primary
antibody
1 hour

Incubation
temperature for
primary
antibody
Room
temperature

1:10
1:25

Overnight
1 16 hours

4°C
Room
temperature

1:20

Overnight

Room
temperature

1:20

Overnight

Room
temperature

1:500

1 hour

Room
temperature

1:40

1 hour

Room
temperature

1:50

1 hour

Room
temperature

1:250

Overnight

Room
temperature

1:20

Overnight

Room
temperature

Primary
antibody
dilution

Table V: Primary antibodies used with optimised conditions for IHC (positive controls
and clones are show in Appendix I).
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I). The slides were left for eight to twelve minutes until a colour had developed, and
the reaction terminated by placing the slides in tap water. The slides were then
counterstained in Mayer’s haemalum and re-hydrated with grades o f ethanol. They
were cleared with xylene to allow the refractive index to come to 1 and then mounted
in Depex and a cover slip added.

2.2.1.e Controls
A known positive control was used in each staining batch to ensure that the staining
was successful. The same control specimen was used for each run for a given antigen
to assess the intensity o f the stain. Controls are shown in Appendix Iii. Negative
controls (same specimen as positive control) were also included in each staining run.
In the negative controls the primary antibody was omitted and replaced by PBS in one
reaction, and the secondary antibody replaced by PBS in another.

To ensure staining consistency and reproducibility a number o f precautions were
taken:
(i)

All sections from different blocks were stained as a batch on the same day and
the process was repeated four times for each protein.

(ii)

Where available, different blocks from the same specimen were analysed
separately.

(iii)

Results were analysed independently by the three observers (myself and two
pathologists, JCC & EB).

In all cases there was <5% variation in staining between sections, blocks and
observers.

2.2.1.f Scoring slides
As described above, slides were scored independently by the three observers and a
consensus achieved. Table VI demonstrates the staining score for each protein. All
observations were recorded including intensity, percentage o f stained cells, nuclear
and/or cytoplasmic staining, where the staining was located in the tissue and any
particular morphological staining pattern. All stains were correlated with
clinicopathological variables. Chapter 8 used a combined score o f p53 and Ki67, as
this appears to be a prognostic indicator.
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Score

Antigen

% cells staining

HPV (L I)

Normal
<1%
Abnormal
>1%
<10%
Normal
Abnormal
>10%
Normal
>1%
Abnormal
<1%
Staining scored to the nearest 5% and then the mean
taken for each clinical group.

Cyclin D l, p53, Bcl-2*,
p2][wafl/dpl
pRb, Bax, p l6 “"“ ^
Ki67, Mdm-2

Scoring was expressed as a % o f specific epidermal areas (e.g. basal, granular, etc).

Table VI: Scoring o f abnormal expression o f primary antibodies used in IHC. Staining
was nuclear in the main with the exception o f * where cytoplasmic staining was
identified. Though all staining was recorded.
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2.2. ii Microdissection:
Microdissection allows the various histological types on a section, e.g. tumour,
adjacent lesions including normal tissue, to be removed separately. There are a
number o f methods described in the literature (Martin et al, 1990; Zhuang et al, 1995),
e.g. removal o f tissue by the use o f sellotape, in this the tissue is microdissected and
removed with a sterile number 11 blade, the DNA is then extracted with the tissue on
the sellotape (Gupta et al, 1997). Benign/normal tissue should always be removed first
to prevent contamination by malignant cells.

A number o f procedures were tested prior to the development o f a protocol for
archival paraffin-embedded sections in this work. They included the use o f sterile
number 11 blades, 21-gauge hypodermic needles, glass pipettes elongated and
sterilised in a flame and finally dental needles to remove the lesions (as described
below). Dental needles were then also used for frozen sections. Tissues were de
waxed in three separate washes o f xylene for fifteen minutes in total. The sections
were then re-hydrated through ethanol to sterile, double distilled water. The sections
were then counterstained with toluidine blue (see Appendix I), to enable
morphologically distinct lesions to be identified and dissected. Each block had
consecutive sections cut; the first was stained using H&E, the next for IHC (e.g. p53)
followed by two slides for microdissection (toluidine blue) and a final slide to ensure
the pathology was maintained by staining again with H&E. The slides for
microdissection were placed under a dissecting microscope with the H&E slide and
the p53 stained slide viewed separately under a light microscope to enable the p53
positive lesions and each separate morphological lesion to be identified. The sections
for microdissection were flooded with DNA extraction buffer (see Appendix liv). The
final protocol used stainless steel dental needles, 21 gauge, 35 mm in length for each
separate lesion. Normal tissue, if present, was removed first, followed by benign
lesions and then finally the vulval SCC (Figures 13 a & b). The lesions were placed in
separate sterile 1.5ml Eppendorf tubes.

The success in amplification by the polymerase chain reaction (PGR) from paraffinembedded tissue depends upon a number o f factors which include: the type o f fixative,
fixation time, section storage time and temperature, primer choice and PGR conditions
(Greer et al, 1991b). Also, the type o f histological stain used to facilitate
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Figure 13 a; A slide stained by IHC showing over expression o f p53 in the SCC.

Figure 13 b: A toluidine blue stained adjacent slide demonstrating the area, which had
shown over expression o f p53, removed by microdissection.

77

microdissection can alter the effectiveness o f amplification. Histological staining is
required to discern normal/benign from malignant or dysplastic cells so that each can
be selectively excised and placed in different tubes. It is known that some stains, e.g.
haematoxylin, interact with DNA and reduce the amount o f template for PCR (Burton
et al, 1998). Toluidine blue appeared to be the most effective in allowing DNA
amplification o f templates in this study.

Frozen tissue was microdissected using the same protocol as described earlier for
archival fixed tissue with the exception that there was no need to de-wax or rehydrate
the fresh frozen tissue.

2.2. Hi DNA extraction:
All procedures were performed using sterile equipment, sterile reagents and a sterile
technique to prevent contamination.
2.2.iii.a DNA extraction from archival tissue
It is known that fixation in formalin and processing o f tissue in paraffin wax degrades
DNA. However, it is possible to amplify sequences at least up to 400 base pairs (bp)
from archival tissue by PCR (Bianchi, 1991). The advantage o f fixed tissue is that it is
possible to obtain better morphology for microdissection thus removing contamination
by stromal cells (Stratton et al, 1995; Zhuang et al, 1995).

DNA extracted from archival tissue tends to be impure and generally o f low molecular
weight, and tends to contain single-strand nicks, though amplification can take place if
there are sufficient quantities o f single-stranded DNA available to bridge the distance
between the 5 ’ ends of the two oligonucleotide primers. A further problem can be the
reaction o f formaldehyde, which may cross-link proteins in the tissue and can then
inhibit proteinase K digestion restricting access to DNA (Shedlock et al, 1997).
However, modification o f the proteinase K reaction, through lengthening the time o f
digestion, can produce yields o f relatively high molecular weight DNA suitable for
PCR. It must be noted that the DNA extracted will also be frequently contaminated
with protein, and therefore increasing the quantity o f DNA template solution will also
increase the amount of contamination and could potentially inhibit the PCR. Therefore
in this work, the amount o f DNA template was kept to 4pl in a 50pl solution.
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The microdissected lesions were placed in a sterile 1,5ml Eppendorf tube along with
the DNA extraction buffer (lOOpl; Appendix liv). A further equal volume o f DNA
extraction buffer was then added containing 1mg/ml o f proteinase K and Tween 20 (at
lOpl per ml). The tubes were then incubated in a thermomixer at 37°C for twenty
hours.

The proteinase K was then denatured by incubating the tubes at 95°C for ten minutes.
The solution was centrifuged at 3500rpm for ten minutes and the supernatant
removed, placed in a sterile 0.5ml Eppendorf tube and stored at 4°C.

2.2.iii.b Extraction DNA from fresh frozen tissue
The DNA was extracted using a Nucleon genomic DNA extraction kit as shown in the
Appendix liv.

2.2. iv Quantitative analysis of DNA:
To assess the quantity and quality o f extracted DNA the following was used:
1. For the quantity o f DNA, the UV absorbency assay was employed with a
spectrophotometer at 260nm. An optical density (OD) o f 1.0 at 260nm gives
~50pg o f double-stranded DNA.
2. Qualitatively, to check for purity o f extracted DNA, an OD at 280nm was
performed. An OD 260:280 ratio o f 1.8 indicates pure DNA. Once extracted the
DNA can be run on an agarose gel after restriction enzyme digestion. A ‘streak’ o f
DNA fragments, from high to low molecular weight, shows good quality DNA.

Although the above procedure was valuable in analysing DNA from frozen tissue, it
was found that the DNA quantity from archival tissue was too low and too
contaminated to be able to use the UV absorbency assay. A further method was
therefore employed using molecular markers diluted to varying concentrations with
ethidium bromide (based on ethidium bromide fluorescence) and the DNA extracted
was placed alongside, to estimate the concentration o f extracted DNA, on a
transilluminator (Figure 14).
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Figure 14: The estimation o f DNA quantity in extracted samples using known
molecular weight markers diluted at a range (range of 0-50ng) to approximate the
quantity o f DNA present from archival tissue.
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2.2. y Gel electrophoresis:
Electrophoresis is a standard method used to separate, identify and purify DNA
fragments. Electrophoresis is simple, quick and capable o f resolving fragments over a
wide molecular weight range. The location o f DNA can be directly determined with a
low concentration o f the fluorescent intercalating dye ethidium bromide which can
detect bands containing as little as 1-1 Ong o f DNA by direct examination (Sharp et al,
1973) on a UV transilluminator and the DNA can be directly recovered from the gel if
required.

Agarose gels are frequently used for separating high molecular weight DNA
fragments, whereas polyacrylamide gels are more suitable for smaller fragments, i.e.
DNA between 5-500 bp. This is because the resolving power is higher and fragments
differing as little as Ibp can be separated from each other on polyacrylamide gels.
However, polyacrylamide gels are more difficult to prepare and handle than agarose
and the acrylamide monomer is a potential neurotoxin. They are run vertically in a
constant electric field while agarose gels are often prepared in and run horizontal
systems.

2.2.v.a Agarose gels:
Agarose is a linear polymer and the commercial reagent is never completely pure.
Contamination is by other polysaccharides, salts and proteins and this can affect the
DNA migration through the gel and the ability o f the extracted DNA to be used in
further enzymatic reactions.

Agarose gels have a lower resolving power than polyacrylamide gels but a greater
range for the separation o f DNA, from 200bp to approximately 50kb in length. These
fragments can be separated by running horizontally in an electric field o f constant
strength and direction. Agarose gel electrophoresis is used to check the progression o f
restriction enzyme digestion, to determine the yield and purity o f DNA, to identify
PCR products and to size fractionate DNA molecules, which can then be eluted from
the gel.

Prior to gel casting, dried agarose is dissolved in a buffer by heating and the warm gel
solution is poured into a mould which is fitted with a sample well comb. The
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percentage o f agarose can vary depending on the use o f the gel. Ethidium bromide is
included in the gel matrix to enable fluorescence o f DNA fragments to be viewed
under UV light. Agarose gels are submerged in electrophoresis buffer horizontally.
The DNA samples are mixed with a gel tracking dye and loaded into the sample wells.
Electrophoresis is generally carried out at 150-200 milli-amps for 0.5-1 hour at room
temperature, depending on the desired separation. Known size markers are run
alongside the DNA samples to allow determination o f the size o f the PCR product or
DNA fragments.

Two percent agarose gels were used to assess whether the PCR amplification had
worked for LOH analysis using fluorescence as the tag (Appendix liv).

2.2.v.b Polyacrylamide gel:

Acrylamide is a monomer, but in the presence o f free radicals supplied by ammonium
persulfate and stabilised by TEMED (N, N, N ’, N ’-tetramethylethylenediamine), a
chain reaction is initiated in which the monomers are polymerised into long chains
when the bifunctional agent N, N ’-methylenebisacrylamide is included in the
polymerisation reaction. The reaction chains become cross-linked to form a gel whose
porosity is determined by the length o f chains and degree o f cross-linking. Resolution
of fragments is determined by the concentration o f acrylamide in the polymerisation
reaction (between 3.5% and 20%) and ratio o f acrylamide to bisacrylamide.

The effective range o f separation for non-denaturing gels containing different
concentrations o f polyacrylamide is seen in Table VII. There is a range in gel lengths
from 10cm-100cm, the length depending on the separation required. However,
because polyacrylamide quenches the fluorescence o f ethidium bromide it is not able
to detect bands containing <10ng DNA.

2.2.V.C Non-denaturing polyacrylamide gels :

Non-denaturing polyacrylamide gels are used for the separation and purification o f
fragments o f double-stranded DNA. These gels are poured and run in Ix Tris-borateEDTA buffer (TBE) at low voltage (1-8 volts/cm) to prevent dénaturation o f small
fragments o f double-stranded DNA by heat generated by the passage o f the electric
current. Most species o f double-stranded DNA migrate through non-denaturing
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polyacrylamide gels at a rate approximately inversely proportional to the log lo o f
their size. Electrophoretic mobility is also affected by the base composition and
sequence, so it is possible that DNAs o f the same size can differ in mobility by up to
10% due to kinks that form at specific sequences in double-stranded DNA. In this
study, 10% non-denaturing polyacrylamide gels were used to assess PCR
amplification for HPV-16 and TP53 (Figure 15).
2.2.v.d Denaturing polyacrylamide gels :
Denaturing polyacrylamide gels are used for the separation and purification o f single
stranded DNA. These are polymerised in the presence o f an agent; e.g. urea or
formamide that suppresses base pairing between DNA stands. Denatured DNA
(obtained by heating at 95°C and adding formamide in the loading dye) migrates
through the gel at a rate independent o f base composition and sequence.

In this study, these gels were used for the identification o f radiolabelled probes in
LOH/X-chromosome work and for the analysis o f products o f sequencing reactions.
The specific conditions for gels used in this work are described in Appendix liv.

2.2.

V:

Polymerase chain reaction (PCR):

PCR is the acronym for the polymerase chain reaction, developed by Mullis et al
(1986); it refers to a process for amplifying one or more specific DNA sequences.
Although the principle had been described in detail by Kleppe et al (1971) over a
decade earlier, the method was o f limited use until a heat stable DNA polymerase
(Chien et al, 1976) became available. This, and the simplifying o f the existing
technology at the time, enabled a rapid development o f the new PCR technique.

PCR utilises two primers (short, single stranded DNAs) complementary to the ends o f
each specific sequence to be amplified. The extension o f each primer creates a DNA
strand including the sequence complementary to the opposite primer. It is a cyclical
process in which the DNA is denatured to become single stranded, the primers are
allowed to anneal with each single strand and they are then extended by utilising
nucleotides. A DNA molecule is synthesised which is complementary to each
sequence o f the template strands. This results in an exponential amplification o f the
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Gel matrix

%

Range of
Separation

Polyacrylamide

20

8

5-lOObp
20-150bp
50-200bp
60-400bp

6
3.5

100-600bp
lkb-2kb

3

0.1-1 kb
0.2-1.5 kb
0.3-3 kb
0.5-5 kb
1-7 kb
3-1 Okb
5 -30kb
5-40 kb

15

12

Agarose

2
1.5
1
0.8

0.6
0.4
0.3

Comments

Xylene cyanol migrates at 50bp

Standard concentration for
sequencing gels (denaturing)
Xylene cyanol migrates at 450bp

Bromophenol blue runs at 500bp
General purpose gel

Table VII: Resolution o f DNA gels (Smith, 1998).
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Negative control

Primer
dimers

positive control

223 base
pair band

Figure 15: Ten-percent polyacrylamide gels were used for HPV-PCR and to assess
that amplification has been successful for TP53 and to assess for contamination. On
the right had side the molecular weight markers are shown. This polyacrylamide gel
demonstrates the amplification o f exon 5 o f the TP53 gene, showing both the positive
and negative controls as indicated.
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specific sequence, with each cycle doubling the amount o f the specific DNA sequence
(Figure 16) until a point is reached where either the PCR products build up or PCR
chemicals are exhausted.

2.2.vi.a PCR requirements:
Template DNA.:
The template DNA should be intact over the area required. PCR inhibitors, e.g. EDTA
and proteins, should not be present but it is possible if the PCR is being inhibited to
dilute the DNA down to reduce the concentration o f inhibitors.

Primers:
Successful specific amplification o f a desired area is dependent upon design and
optimal use o f a primer pair. Consensus o f opinion has provided a set o f guidelines for
their use (Innis et al, 1990; Taylor, 1992; Kocher et al, 1994; Old & Primrose, 1994):
1. Primers should range from 15-30 bases in length.
1. Base composition should be 50-60% guanine and cytosine.
2. Long runs with more than three or four o f the same base should be avoided.
3. Primers should not have secondary structure (e.g. hairpin loops).
4. Ideally, primers should not contain sequences that are complementary to each
other (this will avoid annealing o f primers to each other and therefore avoid
primer-dimer formation). Palindromic sequences should also be avoided.
5. Primer melting temperature (Tm) should be between 55-80°C and both
primers should have close melting temperatures.

The annealing temperature is dependent on the length and composition o f the primers
and ideally should be between 1 and 5°C lower than the lowest Tm value (Warford et
al, 1988). Too low a Tm will result in non-specific annealing and therefore non
specific amplification; too high a Tm leads to reduced yield.

Primer Tm can be calculated by the equation:
Tm(°C)= 4(G + C) + 2 (A + T )
Where G,C,A and T are the number o f the equivalent nucleotides found in the primer.
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The concentration o f primers should not be greater than IpM . Higher primer
concentration can result in mispriming and the formation o f primer-dimers or the
generation non-specific products thereby reducing the yield (Innis & Gelfand, 1990).
The titration for the optimal concentration o f primers should be performed with a
standard amount o f DNA template.

DNA polymerase:
The enzyme ‘Taq’ is most frequently used for PCR and is isolated firom the bacterium
Thermus which works optimally at 72° C and over a pH range o f 7.0-7.5, adding
approximately 100 nucleotides/second under these conditions (Kocher & Wilson,
1994). It is heat stable and will therefore withstand the dénaturation cycles. However,
it has a lack o f 3’^ 5 ’ exonuclease (‘proofreading’) activity (Eckert & Kunkel, 1992;
Gelfand, 1992) and this can lead to misincorporation o f nucleotides. Taq is also
known to be sensitive to magnesium ion concentration.

Deoxvnucleoside triphosphates fdNTPsI
These are heat resistant and have a half-life o f more than forty cycles o f PCR (Innis et
al, 1988). Usually, each dNTP concentration should be between 50pM and 200pM.
This concentration is sufficient to synthesise 6.5pg and 25 pg o f DNA respectively.
Deoxynucleoside triphosphates provide energy, via phosphate groups, and nucleosides
for the synthesis o f the new strands o f DNA.

Reaction buffer.
The most often used buffer is one containing lOmM Tris-HCl with a pH range o f 8.5 9.0 at 25°C. However, it should be noted that pH will change with alterations in
cycling temperature. There must be an excess o f magnesium ions, usually 0.5-2.5mM,
greater than the concentration o f dNTPS. The concentration o f magnesium ions
influences the efficiency o f primer to template annealing. Other salts may aid primer
annealing but too high a concentration will inhibit the enzyme. Detergents such as
Tween 20, Triton X-100 or Nonidet P-40 (Innis & Gelfand, 1990; Kocher & Wilson,
1994) and/or added protein, e.g. BSA, may help prevent the precipitation o f the
hydrophobic Taq.
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Figure 16: A single PCR cycle.

.3 ’
5’

Dénaturation 90-95°C makes
DNA single-stranded

Annealing 50-60°C;
Primers anneal to
single stranded
DNA

Extension at 72°C. Taq
polymerase extends DNA
in 5 to 3 ’ direction
from each primer
5 ’.
3’
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2.2.vi.b PCR optimisation:
There are several characteristics for optimisation: quality o f product, specificity,
sensitivity, efficiency (yield o f specific product), reproducibility and fidelity (error
rate) which can be optimised.

2.2.vi.c Adjuvants:
There are several adjuvants, which can be used in PCR to enhance optimisation e.g.
dimethyl sulphoxide (DMSO), glycerol and BSA. However, in this work there
appeared to be no difference when using DMSO or tétraméthylammonium chloride to
improve PCR yield and specificity.

2.2.vi.d Cycling conditions:
PCR is a cyclical procedure in which nucleic acids in the reaction are denatured and
the primers are allowed to anneal to the nucleic acids. The primers are then extended
and the DNA complementary strand is synthesised. These steps are repeated and
result in an exponential amplification o f the specific sequences; at the beginning o f the
reaction each cycle doubles the amount o f specific DNA sequence being amplified,
until exhaustion o f reagents occurs. Therefore, annealing takes place at a sufficiently
high temperature to allow annealing for the DNA and primer matches to occur. In the
reaction, activity o f Taq polymerase is 100 nucleotides/second at an optimal
temperature.

Cycle:
1. Denaturing step to allow double stranded DNA to become single stranded.
2. Annealing, (measured by Tm of the primers).
3. Extension which elongates the strand.

Heating and cooling can continue and be repeated and the DNA will continue to
accumulate exponentially until one o f the reaction products is exhausted or the
enzyme is unable to synthesise the new product sufficiently. At high concentrations
the DNA may prime itself and result in synthesis o f non-specific product,
amplification thus stops or produces non-specific products after a certain number o f
cycles. The number o f cycles varies depending on the amount o f starting material and
the efficiency o f each amplification step: 25 to 35 cycles should be sufficient to
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Figure 17: Polyacrylamide gel demonstrating the difference magnesium concentration
plays on PCR, with increasing concentrations o f magnesium chloride from left to right
with a range o f ImM to 5mM. The 1.5mM was identified as producing an equal or
greater quantity o f product as the 5mM hence the 1.5mM was selected.

1

Product o f
approximately
200 base pairs

1.5

2

2.5

3

4

5 mM

Primer
dimers
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produce lOOng-lpg of DNA o f a single copy human sequence from 5Ong o f genomic
DNA. The final incubation step at the extension temp (usually 72°C) results in double
stranded DNA from all nascent products.

2.2.vi.e Optimisation for vulval lesions:
For TP53 all primers had the Tm calculated and a range o f temperatures was taken
below these to optimise the annealing temperature. This optimisation was also carried
out for the primers used for LOH, X-chromosome inactivation and H PV -16 analysis.
DNA quantity and magnesium concentrations were also optimised for the PCR
(Figure 17). For TP53 amplification and HPV-16 analysis, a 50pl reaction was
performed, while for LOH and X-chromosome inactivation a 20pl reaction was
selected. The final protocols are shown in Table VIII.

TP53 (exons 5-8) and HPV-16 PCR products were run on 10% non-denaturing
polyacrylamide gels (Appendix liv) using l.Ox TBE running buffer (see Appendix liv
for details). The gel was run at 200 volts constant for 30-40 minutes. The products
were visualised by soaking the gel in a solution o f ethidium bromide (0.5pg/ml) in
200 ml o f IxTBE buffer. The products were run alongside known molecular weight
markers, with both positive controls (DNA derived from blood) and negative controls
(sterile double distilled water substituted for DNA) to check for contamination and
ensure that the amplification process had worked.

All PCRs were performed twice to ensure consistency and reproducibility o f results;
both TP53 and HPV-16 sequences were sequenced to confirm the identify of
amplified products.

2.2. vii Loss of heterozvgositv (LOH):
LOH requires not just the tumour and the adjacent lesion but the patient must have
histologically normal tissue available.

2.2.vii.a Definitions used in LOH:
Uninformative: Homozygous, i.e. a single PCR product was present in normal tissue.
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Informative: Heterozygous, i.e. two products were found with equal intensity in
normal tissue.
Allelic imbalance: Bands o f unequal intensity were identified in lesions but they were
o f equal intensity in normal tissue.
Microsatellite instability: Novel PCR products were present in lesions, which were not
identified in the normal tissue.

2.2.vii.b LOH reaction:
All LOH reactions were based upon microsatellite changes (both with radioactivity or
fluorescent detection).

The PCR for LOH (chromosomal locations: TP53 & D17S520, p53 locus; D 9S1198
& D9S972, 9q; D13S294 & D13S263, retinoblastoma (RBI) locus; D9S171 &
D9S1679, p i l o c u s ) was performed using a radioactive label on the upstream
primer. The transfer o f 32P to the 5’ terminus o f DNA was catalysed by T4
polynucleotide kinase. In this reaction the y-^^P o f [y-^^P] ATP is transferred to the
hydroxyl group created by the removal o f phosphate from the 5’terminus o f the primer
by alkaline phosphatase. In the exchange reaction, the unlabelled phosphate is
transferred from the DNA to ADP, and the dephosphorylated DNA is then
rephosphorylated with ^^P (Sambrook et al, 1989).

The upstream primer is labelled with y-^^P by incubating the primer with T4
polynucleotide kinase, a buffer and the radioactivity for 15-30 minutes at 37°C. The
labelled primer is then used in the PCR reaction.

The PCR for LOH or X-chromosome inactivation generally used radioactivity; the
radioactive PCR product was mixed with a gel loading dye containing formamide and
tracking dyes (bromophenol blue/xylene cyanol). PCR products were denatured prior
to loading in the denaturing gel by heating the product to 95°C for five minutes and
then placed on iced water. The PCR product was run on a denaturing polyacrylamide
gel (see details in Appendix liv). A Ix TE-HCl buffer was used as the running buffer
(as detailed in Appendix liv). The gel was run for approximately two hours at 200
volts constant for the first forty-five minutes followed by
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volts for the remaining
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Loci

Primers

MgClz

p53 exon 8

U-AGGTAGGACCTGATTTCCTTACTGCC
D-GGAATTCTGAGGCATAACTGCACCCTTGGTCT

1.5mM

Primer
concentration
npm oles

p53 exon 7

U-CCTGCTTGCCACAGGTCT
D-CCGGAAATGTGATGAGAGGT

1.5mM

17pmoles

p53 exon 6

U-CCAGGCCTCTGATTCCTCACTGATTG
D- AGGGCCACTGACAACCACCCTTAAC

1.5mM

15pmoles

U-GGAATTCTGTTCACTTGTGCCCTGACTTTCAAC

l.SmM

14pmoles

p53 exon 5

D- GCAACCAGCCCTGTCGTCTCTCCA

HPV-16

U-GGGGTCGGTGGACCGGTCGATGTA
D- GGGCTCTGTCCGGTTCTGCTTGTC

B.OmM

1pm

D9S972

U; CCAGCCAGGTGATGAACTTA
D: GCCTGCTGTCGGGGCTGC

3.5mM

4.5 pmoles* o f
upstream
Spmoles o f
downstream

D9S1198

U: TGGGAGAGGGAAAATGCTATC
D: GTACTCCAGCCTGGGTGG

3.5mM

4.5 pmoles* o f
upstream
5pmoles o f
downstream

PCR conditions and enzyme used
Denature- 94°C for 5 minutes initial cycle; 94°C for 1 minute for 35 cycles;
Anneal- 60°C for 1 minute x 35 cycles; Extend - 72°C for 1 minute x 35
cycles. 72°C for 10 minutes for final cycle.
Enzyme: Taq: Advanced Biotechnologies
Denature- 94°C for 5 minutes initial cycle; 94°C for 1 minute for 35 cycles;
Anneal- 60°C for 1 minute x 35 cycles; Extend - 72°C for 1 minute x 35
cycles. 72°C for 10 minutes for final cycle.
Enzyme: Taq: Advanced Biotechnologies
Denature- 94°C for 5 minutes initial cycle; 94°C for 1 minute for 35 cycles;
Anneal- 60°C for 1 minute x 35 cycles; Extend - 72®C for 1 minute x 35
cycles. 72°C for 10 minutes for final cycle.
Enzyme: Taq: Advanced Biotechnologies
Denature- 94°C for 5 minutes initial cycle; 94°C for 1 minute for 35 cycles
Anneal- 60°C for 1 minute x 35 cycles; Extend - 72°C for 1 minute x 35
cycles; 72°C for 10 minutes for final cycle
Enzyme: Taq: Advanced Biotechnologies
15 minutes at 95°C for activation o f enzyme; Denature- 94°C for 6 minutes x
1 cycle; 94°C for 90seconds x 35 cycles; Anneal- 60°C for 90secs x35 cycles;
Extend-12°C for 120 seconds x 35 cycles; 72°C for 10 minutes for final cycle
HotStart Taq DNA polymerase- Qiagen
Denature- 95°C for 5 minutes; Hot start -85°C for 15 minutes
95°C for 40 seconds x35 cycles; Anneal- 54 °C for 30sec x 35 cycles
Extend 72 °C for 1 minute x35 cycles; 72°C for 5 minutes
*0.5 pmoles
labelled forward primer T4 polynucleotide kinase for
radioactivity;
Ampli Taq® (Hoffmaim-La Roche)
Denature- 95°C for 5 minutes; Hot start 85°C for 15 minutes
95°C for 40 seconds x35 cycles. Anneal- 60 °C for 30secx 35 cycles; Extend
72 °C for 1 min x35 cycles. 72°C for 5 minutes
*0.5 pmoles ^^P labelled upstream primer T4 polynucleotide kinase for
radioactivity;
Ampli Taq® (Hoffinaim-La Roche)
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Loci

Primers

MgCU

Primer
concentration

PCR conditions and enzyme used

D 13S294

U: CCCAGTGAGCAGCCTCTAAA
D: AACAGAAATCAGGCCAGTGTG

3.5mM

4.5 pmoles* of
upstream
Spmoles of
downstream

D 13 S 2 6 3

U:CCTGGCCTGTTAGTTTTTATTGTTA
D: CCCAGTCTTGGGTATGTTTTTA

3.5mM

4.5 pmoles* o f
upstream
5pmoles of
downstream

D9S171

U: AGCTAAGTGAACCTCATCTCTGTCT
D: ACCCTAGCACTGATGGTATAGTCT

5-OmM

4.5 pmoles* of
upstream
5pmoles of
downstream

D 9S1679

U: CACCTCTGCCTGCCAA
D: TGCTGTGGACCTAACAAAAA

3.5mM

4.5 pmoles* of
upstream
5pmoles of
downstream

TP53

UAGGGATACTATTCAGCCCGAGGTG
D: ACTGCCACTCCTTGCCCCATTC

3.5mM

4.5 pmoles*
of upstream
5pmoles of
downstream

D17S520

U:GGAGAAAGTGATACAAGGGA
D: TAGTTAGATTAATACCCACC

3.5mM

4.5 pmoles* o f
upstream
5pmoles of
downstream

Denature- 95°C for 5 minutes;/7o/jto /Y 85°C for 15 minutes; 95°C for 40
seconds x35 cycles; Anneal- 54 °C for 30 seconds x 35 cycles; Extend 72 °C
for 1 minute x35 cycles; 72°C for 5 minutes; *0.5 pmoles
labelled
upstream primer
T4 polynucleotide kinase for radioactivity; Ampli Taq®(Hoffinann-La Roche)
Denature- 95®C for 5 minutes; H ot start 85°C for 15 minutes
95®C for 40 seconds x35 cycles; Anneal-&)°C for 30 seconds x 35 cycles
Extend 72 °C for 1 minute x35 cycles; 72°C for 5 minutes
*0.5 pmoles
labelled upstream primer
T4 polynucleotide kinase for radioactivity; Ampli Taq® (Hoffinann-La
Roche)
Denature- 95°C for 5 minutes; H ot start 85°C for 15 minutes
95°C for 40 seconds x35 c y c l e s 50 °C for 30 seconds x 35 cycles;
Extend 72 °C for 1 minute x35 cycles; 72°C for 5 minutes
*0.5 pmoles
labelled upstream primer
14 polynucleotide kinase for radioactivity; Ampli Taq® (Hoffinann-La
Roche)
Denature- 95°C for 5 minutes; H ot start 85°C for 15 minutes
95°C for 40 seconds x35 cycles; Anneal- 50 °C for 30 seconds x 35 cycles;
Extend 72 ®C for 1 minute x35 cycles; 72°C for 5 minutes
*0.5 pmoles ^^P labelled upstream primer
T4 polynucleotide kinase for radioactivity; Ampli Taq® (Hoffinann-La
Roche)
Denature- 95°C for 5 mmatos. H ot start 85°C for 15 minutes
95°C for 40 seconds x35 cycles, Anneal-60 °C for 30seconds x 35 cycles;
Extend 72 ®C for 1 minute x35 cycles; 72®C for 5 minutes
*0.5 pmoles ^^P labelled upstream primer
T4 polynucleotide kinase for radioactivity; Ampli Taq® (Hoffmann-La
Roche)
Denature- 95®C for 5 minutes; H ot start 85°C for 15 minutes; 95°C for 40
seconds x35 cycles Anneal- 54°C for 30 seconds x 35 cycles; Extend 72 °C
for 1 minute x35 cycles; 72°C for 5 minutes
*0.5 pmoles ^^P labelled upstream primer
T4 polynucleotide kinase for radioactivity; Ampli Taq® (Hoffinann-La
Roche)
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Loci

Primers

MgCl:

AR-W

U-CGAGCGCAGCACCTCCCGGC
D-GCCTGGGGCTAGTCTCTTGC

3.5mM

AR-M

U-GTCGCGAGCGTATTTTTCGGC
D- AAAACTAATCTCTTACTACTCTA

3.5mM

4.5 pmoles* of
upstream
5pmoles of
downstream

D22S156

U- AGCCTGGGAGTCAGAGTGA
D- AGCTCCAAATCCAAAGACGT

3mM

25ng

D10S187

U- CCCTGATAGGCACTCATGTG
D- TTCCTCATAACCTCCGCTTC

3mM

25ng

Primer
concentration
4.5 pmoles* of
upstream
5pmoles of
downstream

PCR conditions and enzyme used
95 °C for 30 seconds
50°C for 15 minutes for 50 cycles
*0.5 pmoles
labelled upstream primer
T4 polynucleotide kinase for radioactivity; Ampli Taq® (Hoffmann-La
Roche)
97°C for 5 minutes; 85°C hot start ; 95°C for 45 seconds x 2 cycles; 55°C for
45 sec; 68 for 45 seconds; annealing temperature reduced to 43°C in 2°C
increments for 2 cycles at each temperature; 25 cycles with annealing
temperature o f 41 °C; final extension o f 68°C for 10 minutes
*0.5 pmoles
labelled upstream primer
T4 polynucleotide kinase for radioactivity; Ampli Taq® (Hoffmann-La
Roche)
95°C for 12 minutes for 1 cycle; 95°C for 30 seconds for 35 cycles
60°C for 30 seconds for 35 cycles; 72°C for 45 seconds for 35 cycles
72°C for 10 minutes for 1 cycle
Amph Taq® (Hoffinann-La Roche)
97°C for 5 minutes; 85°C hot start ; 95°C for 45 sec x 2 cycles; 55°C for 45
sec; 68 for 45 seconds; annealing temperature reduced to 43°C in 2°C
increments for 2 cycles at each temperature; 25 cycles with annealing
temperature of 41 °C; final extension o f 68°C for 10 minutes
Amph Taq® (Hoffinann-La Roche)

U- upstream primer; D- downstream primer

Table VIII: PCR conditions used following optimisation for ail loci.
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time. The gel was removed and placed onto Whatman 3MM paper. Saran wrap was
placed over the gel it was dried on a commercial gel drier set at 80°C for approximately
twenty minutes until the gel was dry and not sticky.

An autoradiograph was then established by exposing the gel to X-ray film (Kodak)
overnight at -80°C or longer depending on the exposure time required to produce bands
with an intensifier screen. The principle o f this procedure is that p-particles from the
pass through the photographic emulsion and are absorbed by the screen and converted to
light, effectively superimposing a photographic image upon the direct autoradiographic
image. The films are stored at -80°C to allow photon capture o f P-particles by the
intensifier screen. Lowering the temperature increases the stability and allows the time
available to capture the particle (Old & Primrose, 1994).

Two loci were performed using fluorescent tags to determine the LOH. PCR was
performed using the primers, which were tagged with a fluorescent dye. The PCR product
was then run through an automated sequencer (ABI-Prism) with software to determine the
heterozygous state o f the loci selected.

2.2. viii Sequencing of DNA
2.2. viii.a. Chemical degradation:
The earliest sequencing method developed was that o f chemical degradation o f a
pre-defined length o f DNA (Maxam & Gilbert, 1977). A DNA fragment is isolated and
radiolabelled at one end with a ^^P group. The method requires the duplex DNA to be
linear and only one strand to be labelled. Chemical reactions are then carried out; each
designed to generate a cleavage after a specific base or pair o f bases. Once modification
has been carried out, strand cleavage can take place in the presence o f piperidine. This
produces a series o f reactions in which the length o f the product is determined by the
distance o f the cleavage site, hence the target nucleotide, from the radioactively labelled
terminus. The products are denatured to form single strands and the reactions are
separated by size by electrophoresis on a denaturing polyacrylamide gel. The products are
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detected by autoradiography, by reading the smallest products at the bottom o f the gel.
However, this method was not used in this work.

2.2.viii.b Chain terminator method:
First described by Sanger et al (1977), this method uses an enzymatic reaction in which a
chemically synthesised oligonucleotide primer is annealed to either single stranded DNA
or to a specific duplex DNA that has been denatured, to form a short region. The method
relies on the ability o f the DNA polymerase to use the denatured strand o f DNA (single
stranded) as a template and synthesise the complementary strand by chain elongation o f
the primer in the presence o f dNTPs. The polymerase also has the ability to incorporate
into the growing chain 2 ’, 3 '-dideoxynucleoside triphosphates (ddNTPs), which lack the
3 ’OH residue o f the deoxyribose backbone. The incorporation o f these nucleoside
analogues results in chain termination by preventing the formation o f a phosphodiester
bond with the next dNTP. Thus in the presence o f dNTP and a small concentration o f one
o f the ddNTPs, it is possible under the correct conditions to accumulate a randomly
terminated nested set o f DNA molecules. Th e products are labelled either by using the
labelled primer or a labelled df-iTP. Four separate reactions are performed each for
ddGTP, ddATP, ddTTP, and ddCTP. The products are denatured and run on a denaturing
polyacrylamide gel.

There are a number o f disadvantages to this technique, however:
1. ‘Four-tracking’ often occurs in regions o f high DNA secondary structure and results
in the precise sequence being unidentified.
2. The limit o f size o f the sequence by the gel is usually 250 bases.

This method was not used in this work.

2.2.viii.c Automated commercial sequencing:
The process is the same as above with the exception that the ddNTPs have a fluorescent
dye attached that, when excited by illumination with light o f an appropriate wavelength,
will emit light of a different wavelength. The whole sequence reaction can occur in a
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single tube as each nucleoside analogue is attached to a different colour dye. The reaction
frequently uses thermophilic DNA polymerases in a cycle sequencing reaction. The
products are separated by electrophoresis and each DNA molecule migrates according to
its size towards the bottom o f the gel. Light from a laser is used to excite the fluorescent
dye as each fragment passes. The fluorescent light is detected by a photomultiplier and
converted into an electrical signal, which is interpreted by computer software as the
appropriate nucleotide base. The strength o f the fluorescent light determines the strength
o f the electrical signal. Only DNA molecules terminated with a fluorescent dye analogue
are detected. This can then be displayed as the DNA sequence.

This mode o f sequencing has several advantages:
i.

Four times as many sequencing reactions can be performed compared to
conventional gels.

ii.

Variations within the gel, which could cause difficulties in assigning the sequence,
are generally avoided.

However there are also some disadvantages:
i.

Cost.

ii.

The presence o f dye labels can cause mobility differences.

iii.

The dyes are not all o f equal intensity.

Automated fluorescent sequencers will also perform sequence alignment. The software
algorithms are accurate enough to obtain a sequence o f 450-600 bases at >98.5%
accuracy (Spencer, 1998).

Sequencing was performed commercially from both strands o f the DNA (MWG-Biotech,
Milton Keynes, Buckinghamshire). Briefly this involves re-amplification o f the product
using nested primers, followed by M l3 sub-cloning. Detection was by a Li-Cor infra-red
detection system. When a mutation was detected the PCR and the sequencing were both
repeated to confirm the result. Sequencing was also performed by Division o f Genomic
Medicine (University o f Sheffield).
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2.2. ix Clonalitv:
It has been widely accepted that epithelial cancers are clonally derived, i.e. they originate
from a single transformed cell and this is the ancestor o f all the cells in the neoplasm.
There have been many methods used for investigating the clonal composition o f tumours,
e.g. the haplotypes o f glucose 6 -phosphate dehydrogenase (Fialkow, 1976). However,
more commonly today is the use o f restriction fragment length polymorphisms o f the Xchromosome, e.g. the androgen receptor (HUMARA), which has a highly polymorphic
region o f CAG tandem repeats. These methods are based on the principle that early in
embryogenesis, genes on one o f the two X-chromosomes are randomly inactivated by
méthylation o f the cytosine residues within the promoter regions (Lyon, 1972). Once
methylated, these CpG islands are functionally and heritably inactive. Therefore, in
approximately half o f the cells the paternal X-chromosome is active and in the remaining
cells it is the maternal X-chromosome which is active. One method o f determining the Xchromosome méthylation pattern has been by the use o f a restriction digestion o f the
unmethylated DNA. This is often performed using the enzyme Hha.

A further method for determining clonality was recently described by Kubota et al (1999).
This is a novel strategy independent o f the use o f methylation-sensitive enzymes. The
assay involves chemically treating the DNA with sodium bisulfite to convert all the
unmethylated cytosines to uracil. This is followed by PCR amplification with primers
specific for methylated versus unmethylated DNA (Table VIII). This method has been
widely used to assess méthylation patterns in tumour suppressor genes (e.g. p i
p l 6 iNK4A)

cancers (Herman et al, 1996) and in the diagnosis o f Fragile X syndrome

(Das et al, 1998).

In this study, DNA was denatured with sodium hydroxide and incubated overnight with
hydroquinone and sodium bisulfite. The DNA was purified by using the DNA Wizard
clean up system desulphonated with sodium hydroxide. The DNA was then ethanol
precipitated and resuspended in sterile distilled water (Appendix I).
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PCR was then performed using the primers sets (Table VIII), with the upstream primer
labeled with

using T4 polynucleotide kinase as discussed previously. The products

were run on a denaturing gel following the dénaturation o f the double stranded products
as described previously (Appendix I).

However, using archival and frozen tissue it was not possible to amplify complete sets for
tumours and the adjacent vulval tissue and therefore was not able to determine the Xchromosome inactivation in such lesions. It was thought that the quantity and quality o f
the DNA permit adequate results.

2.2.x Statistics:
Statistical analysis o f results was performed by using a number o f computer programmes.
Minitab for Windows, Statcalc and SPSS for Windows. The difference was considered to
be statistically significant if p=<0.05.

2.2.xi.a Chi squared (%^):
is used to evaluate the presence or absence o f a nominal outcome. The aim is to
compare two or more groups with the intention o f comparing the success and failure rate
o f each group. The differences between observed and expected values are squared and
divided by the expected value. They are then summed in a similar way, the sum o f the
squares in this situation is called chi square (x^) and this is evaluated for significance for
degrees o f freedom equal to (r-l)(c-l) where r is the number o f rows and c is the number
o f columns.

In this work if the number was less than 50 a Yates correction was performed and, if any
of the cells had a value o f less than 5 or the number in total was less than 20, a Fisher
exact test was used. Statcalc performs these statistics with the corrections.

2.2.xi.b Two-sample t-test:
This is used to compare two groups that are not matched e.g. patients treated with
medication compared to those not treated. The t value is found by comparing the
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difference o f the means and dividing by the standard error o f means (SEM). The SEM
reflects the different variability (variance) o f the two the groups and the different number
o f subjects that each group contains. Minitab performs these calculations.

2.2.XÎ.C Kaplan-Meier analysis:

Survival data is assessed over a period o f time e.g. by the end o f the study the subject
belong to three categories: dead, lost to follow-up, or still alive. In Kaplan-Meier analysis
the probability o f death (q) within a given period o f time will equal the number o f
subjects that died in that period (D) over the number o f subjects at risk at the beginning o f
the period. This then equals the number o f subjects available at the beginning o f the
period. This in turn equals the number o f subjects available at the beginning o f the period
minus the sum o f subjects lost to follow up and those censored, all divided by 2. If p is
the survival rate then q is equal to \-p.

If two survival curves are compared (i.e. abnormal protein expression versus normal
protein expression), the difference between the probabilities o f survival p between the
two groups in a given time interval is similar to the comparison o f group proportions.
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Chapter three:

Lichen sclerosus: Cell cycle and apoptotic
proteins in regard to treatment.

Presented in part at:
Blair Bell Meeting Nottingham 1999
British Society for the Study o f Vulval Disease, Meeting in Oxford 1998

Published in part:
Br J Dermatol in press

3.1. INTRODUCTION:
LS is an inflammatory dermatosis whose aetiology remains unknown, though there
have been several theories proposed, e.g. immunological (Meyrick Thomas et al,
1988), hormonal (Friedrich and Kalra, 1984), enzymatic (Godeau et al, 1982),
infectious (Cantwell, 1984) and the itch-scratch hypothesis (Scurry, 1999). The
histological appearance is o f hyperkeratosis, which is often thicker than the underlying
epidermis, loss o f rete ridges and vacuolar degeneration o f the basal layer. The most
striking changes are found in the dermis, which becomes oedematous and
homogenised in early lesions and hyalinised and sclerotic later. The dermal superficial
vascular plexus is pushed deeper and there is a mononuclear cell infiltrate, which can
be dense and extensive or sparse and patchy in well established lesions. The infiltrate
is typically situated below the oedematous or hyalinised zone.

There is an association between LS and SCC o f the vulva with an estimated 4% o f
women with LS progressing to cancer (Wallace, 1971) (reviewed in Chapter 1,
Table I). Histological studies (reviewed in Chapter 1, Table II) have found LS in
proximity to SCC with a frequency o f 45% (980 o f 2,159 reported cases; range 2% to
100%) (Carlson et al, 1998).

The medical treatment preferred at present for LS is topical corticosteroids, with many
authors (Dalziel et al, 1991; Bracco et al, 1993; Carli et al, 1994) confirming their
effectiveness in both symptom control and improvements in clinical and histological
appearance o f the disease (Dalziel et al, 1991). However, persistence o f symptoms and
resistance to treatment has also been well documented (Echal et al, 1995; Meffert et
al, 1995; Carlson et al, 1998). There is no evidence, to date, that the use o f topical
corticosteroids reduces the risk o f developing SCC. In fact, the literature indicates that
the use o f topical corticosteroids in certain patients does not prevent the development
o f cancer (Carli et al, 1995; Rolfe et al, 2001).

The cell cycle is a tightly regulated process controlled by a number o f proteins which
have been found to be abnormally expressed in diseases that are associated with
increased proliferation, e.g. pre-malignancy and cancer. Loss o f cell cycle control has
been implicated in the development o f cancer where accumulation o f these genetic
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alterations has resulted in a selective growth advantage. In addition, changes in
apoptosis can also be involved in tumour formation. The molecular processes
underlying cell cycle and apoptotic regulation has been discussed in detail in Chapter
1, Section 1.5.

The aim o f this chapter was to examine the role o f cell cycle proteins (e.g. p53, cyclin
D l) and apoptotic proteins (e.g. Bcl-2) in LS. It was possible to identify the treatment
or lack o f it for the majority o f patients. This information was then used to assess the
role o f corticosteroid treatment in the expression o f cell cycle and apoptotic proteins
in LS.

3.2. MATERIALS AND METHODS:
3.2. i Patient details:
The patients’ details are given in the Appendix Ili. There were

66

patients with LS

(with 4 patients having more than one biopsy) whose mean age was 56 years (with a
range o f 6 - 90 years). Fourteen o f these patients were documented to have an
autoimmune disease, e.g. thyroid disease, three were known to smoke, and seven were
known to have a history o f cancer other than SCC, e.g. breast carcinoma. Twenty
patients had a past history o f vulval disease, including thirteen with a previous history
o f LS, two with previous SCC, one with previous VIN, three with a history o f both
SCC and LS and one with previous lichen simplex chronicus.

The majority o f patients complained o f pruritus. For fifty-eight o f the patients there
was a record o f treatment if any; twenty-two had no treatment prior to referral, thirty
had some form o f topical corticosteroids, ten had a combination o f topical
corticosteroids and a non-steroidal preparation while six had only a non-steroidal
preparation. Twenty patients had tried only one treatment compared to seventeen who
had tried two or more different treatments. Full details o f treatments used are shown in
Appendix Ili. The patients were divided into those who had used topical
corticosteroids within the last month prior to the biopsy, those who had either never
used topical corticosteroids or who had not used them in the last month prior to the
biopsy and a combined group o f the treated with topical corticosteroids, not treated
with topical corticosteroids and those whose treatment was unknown and this was
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thought important later when comparing LS adjacent to SCC and LS not adjacent to
SCC as it was unclear if patients with SCC had been treated with topical
corticosteroids (Chapter 4).

There were sixteen normal control samples, which were first separated into those
comprising o f vulva adjacent to benign tumours (e.g. hidradenomas) and those where
samples had been taken for clinical reasons. No statistically significant difference was
demonstrated between these two groups. The two groups were therefore combined to
become the control group (full details are shown in Appendix table Ilii). None o f the
histologically normal control group had been treated with topical corticosteroids prior
to the biopsy being taken.

3.2. ii Immunohistochemical analysis:
IHC was used to detect protein expression as described in Chapter 2, Section 2.2.i
with antibodies as shown in Table V. Scoring o f each marker was as described in
Table VI, Chapter 2. IHC was repeated four times to ensure consistency as described
in Chapter 2, Section 2.2.i.e.

3.2. iii Statistics:
Statistical analysis was used, using a p value o f <0.05 as to be statistical significant,
chi square and the student t-test where used as appropriate.

3.3 RESULTS:
There was no statistical difference in the age distribution o f any o f the groups.
Appendix Table Illi demonstrates each patient’s individual results and results are
summarised in Table IX a & b.

Pairs o f proteins will have the results discussed separately and then together, these
proteins are related in their pathway in the cell cycle.

3.3.: p53:
Nuclear staining was confined to the basal/parabasal layer o f the epidermis with
isolated cells in the superficial kératinocytes showing weak staining. 53% o f the LS
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Figure 18a: The over expression of p53 in LS treated with topical corticosteroids.
Magnification xlOO.
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Figure 18b: p53 expression in LS which has not been treated with topical
corticosteroids.
Magnification xlOO.
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Figure 18c: Normal vulva demonstrating no p53 staining.
Magnification x 200.
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Figure 19a: K167 expression in treated LS.
Magnification
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Figure 19b: Ki67 in normal vulva.
Magnification x 200.
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sections treated with topical corticosteroids showed over expression (i.e. > 1 0 %
positive kératinocytes) o f p53 (Figure 18a) compared to 18.7% o f the non-steroid
group (Figure 18b), this was shown to be statistically significantly different (p=0.004).

None o f the normal epidermis samples showed over expression o f p53 (Figure 18c),
when compared with the treated LS sections this was found to be statistically
significantly different (p=0.0009) whereas there was no statistical significance
between the normal epidermis and the untreated LS group (p=0.159).

3.3. ii Ki67:
Ki67 staining was also confined to the basal/parabasal cells. The staining was
calculated as a percentage score for each section and then the mean and standard
deviation taken for each group, as shown in Table IXa. The sections from the group
treated with topical corticosteroids demonstrated significantly higher proliferation
rates than those from the group untreated with corticosteroids (p=0.01) (Figure 19a).
This was also demonstrated when comparing the proliferation rate between the treated
group and the normal epidermis (p=0.001) (Figure 19b). However there was no
difference demonstrated in the proliferation rate between untreated LS and normal
vulva.

3.3. iii p53 and Ki67 expression:
There was no statistical significant difference demonstrated in any group when
comparing p53 expression and proliferation rates (Ki67). Though treated LS always
demonstrated increased proliferation even if p53 was negative.

3.3.iv Mdm-2:
Mdm-2 was rarely found to be over expressed and when it was demonstrated it was
seen in the basal/parabasal cells. There was no statistically significant difference
between any o f the groups.

3.3.

V d 21

:

In the group o f histologically normal epidermis no section showed expression o f
p21

(Figure 20b). There was slight staining in the superficial kératinocytes but

not in the basal/parabasal layer and in all cases <10%. A statistical significant
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difference was demonstrated when comparing treated LS and untreated LS with
normal epidermis (p=0.007; p=0.0096) (Figure 20a), though there was not a statistical
significant difference between treated and untreated LS (p=0.96).

3.3. vi p53 and d21
There was no statistically significant difference demonstrated between the treated and
untreated group. However, a statistically significant difference was demonstrated
when comparing normal epidermis and treated (p=0.0027) and untreated LS (p=0.008)
when examining negative staining for both proteins, with all normal epidermis
demonstrating no expression for either protein. A further statistically significant
difference was also demonstrated between untreated LS and normal epidermis when
examining negative p53 staining but positive
half o f the untreated group demonstrating

expression (p=0.025), with
expression.

3.3. vii Cyclin D l:
Over expression o f cyclin D l (positive staining) was demonstrated in 57% o f the
group treated with topical corticosteroids and 46% o f the group not treated (p=0.6).
Staining was identified as both nuclear and cytoplasmic (Figure 21a). The
histologically normal epidermis also showed over expression o f cyclin D l in 37.5% o f
cases (Figure 21b). No significant differences were demonstrated between the groups.

3.3. viii pRb:
pRb is expressed in normal epidermis and abnormality in this case is the loss or
reduction o f pRb expression. Histologically normal epidermis showed loss o f staining
in 25% o f sections. There was no significant differences between any o f the groups,
although 55% o f the LS treated with topical corticosteroids showed loss o f pRb
compared to 39% in the untreated group though this was not statistically significant
(p=0.46) (Figure 22a).

3.3. ix Abnormal pRb or Abnormal cyclin D l :
There was no statistical significant difference demonstrated between treated LS and
untreated LS. However if examining normal expression o f both proteins a statistical
significant difference was demonstrated between the treated group and the normal
epidermis (p=0.026) with over half o f the normal epidermis demonstrating normal
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Figure 20a:

in LS. Demonstrating staining in both superficial and basal
cells o f the epidermis.
Magnification x20.

Figure 20b:

in normal vulva. No staining demonstrated in basal/para basal
layer.
Magnification x 100
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Figure 21a: The expression o f cyclin D l both nuclear and cytoplasmic in treated LS.
Magnification x 20.
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Figure 21b: Normal vulva expressing cyclin D l
Magnification xlOO
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Figure 22a: pRb showing normal expression (positive staining) in both kératinocytes
and lymphocytes In LS.
Magnification x 100.
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Figure 22b: pRb showing normal expression in normal vulva.
Magnification x20.
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expression o f both these proteins.

3.3.

X

Bcl-2:

For Bcl-2 it is the over expression o f the protein, which indicates an abnormality in
the apoptosis pathway. Staining was cytoplasmic in the basal/parabasal layer, with the
lymphocytic infiltrate also demonstrating positivity for Bcl-2. 37.5% o f the normal
epidermis samples demonstrated over expression o f Bcl-2. 52.6% o f the group treated
with corticosteroids showed over expression compared with 47.8% o f the untreated
group (p=0.75). There was no statistically significant difference between any groups
(Figures 23a & b).

3.3. xi Bax:
Loss o f expression indicates an abnormality. The majority o f histologically normal
epidermis showed normal expression o f Bax (i.e. showed positive staining) (Figure
24b). There was no statistical difference between the untreated and treated group
(p=0.9), however there was a statistical difference between treated LS and normal
epidermis (p=0.027) and untreated LS and normal epidermis (p=0.015) with LS
demonstrating increased loss o f Bax expression compared to the normal epidermis
(Figure 24a).

3.3. xii. Abnormal apoptosis pathway:
Alteration in the ratio between the two proteins is believed to indicate an abnormal
apoptotic pathway (Brambilla et al, 1998). It was believed that a change in the Bax:
Bcl-2 ratio, can be altered. 27.8% showed abnormal Bax: Bcl-2 ratio in the treated
group and 36.4% of the untreated group. There was no statistical significant difference
demonstrated between any o f the groups when comparing abnormal Bax (loss o f
expression) and over expression o f Bcl-2.

3.4 DISCUSSION;
3.4. i Normal vulva:
There has been limited work carried out studying the expression o f cell cycle or
apoptotic proteins in normal vulval skin when compared to normal non-genital skin.
Tan et al (1994) used both normal vulval skin and normal non-genital skin as controls
in their study examining the differences in the expression o f p53 and Ki67 in LS. They
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Figure 23a: Demonstrating over expression o f Bcl-2 in LS.
Magnification x 20.

Figure 23b: Normal expression (no expression) o f Bcl-2 demonstrated in normal vulva
only lymphocytes and keratinised layer showing staining.
Magnification x 200.
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Figure 24a: Loss o f Bax expression in LS.
Magnification
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Figure 24b: Normal vulva demonstrating normal (positive staining) Bax expression.
Magnification x 200.
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showed that both normal vulva and normal non-genital skin showed some over
expression o f p53, though as Table X shows they looked at the mean staining index
for both p53 and Ki67. Normal vulva showed a greater staining index for p53
compared to normal non-genital skin (7.52 ± 5.04 vs 2.75 ± 1.95); this was also
demonstrated when comparing the proliferative index o f Ki67 between normal vulva
and non-genital skin (86.26 ± 32.31 vs 25.57 ± 4.96) (Tan et al, 1994).

There have been other papers (Soini et al, 1994a) looking at non-genital skin diseases
and using normal skin as a control, they showed no p53 expression in non-genital
normal skin and a proliferative index o f 2.14 ± 1.51 (less than described by Tan et al,
1994). Soini et al (1994b), when examining LS used normal vulva as a control and
showed no p53 expression in normal vulval skin. They also examined PCNA
expression and showed normal vulva had some proliferation in the basal/parabasal
kératinocytes but with <15% o f the overall cell population showing proliferation.

The results in this study demonstrated no over expression o f p53 in normal vulva and
a mean proliferation index (using Ki67) similar to that in normal skin demonstrated by
Soini et al (1994b). However, several o f the cell cycle proteins did show abnormal
expression in normal vulval skin e.g. pRb (25%), cyclin D l (37.5%) and Bcl-2
(37.5%). Though all sections had been reviewed, it is possible that though the tissue
appeared histologically normal, cell cycle and /or apoptotic changes had occurred
prior to any alteration in pathological appearance as in some patients the biopsies had
been taken for clinical reasons e.g. symptoms.

3.4. ii LS not treated with topical corticosteroids:
Table X demonstrates the findings o f other authors concerning alterations in the cell
cycle and apoptotic proteins in LS, the methodology and other differences such as
antibodies used, antigen retrieval and scoring system which could account for some o f
the variation in results. To date this is the first large study that has separated LS into
those treated with topical corticosteroids and those not on topical corticosteroids.

p53: Over expression o f p53 has been demonstrated in LS by a number o f authors e.g.
mean staining index o f 32.13 ± 15.11 per 100 epidermal cells (Tan et al, 1994). When
examining LS that was not treated with topical corticosteroids only 18.7% o f LS over
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expressed p53, indicating that in the pathogenesis o f LS few patients over express
p53.

Over expression o f the p53 protein can indicate stabilisation via binding to other
cognate proteins e.g.GADD-45 or Mdm-2. However, this does not appear to be the
case as only a small minority o f LS lesions (6.8%) showed over expression o f Mdm-2
in this study. Over expression o f p53 can also indicate a mutation in the p53 gene
which results in lengthening o f the half-life o f the protein. p21^^^^^^^^ has been linked
with wt p53 in that it has been proposed that, in the presence o f DNA damage, p53
will mediate transcription o f p21

Hence, the expression o f p21

and

p53 could indicate the mutational state o f p53, as it is only wt p53 which will upregulate

Ki67: The majority o f authors have demonstrated that LS has a lower proliferation
rate than normal skin with the exception being Carlson et al (1998). Others, (Friedrich
et al, 1964; W oodruff et al, 1965) have identified an unusual cellular activity o f LS
with increased nucleic acid labelling (Friedrich et al, 1964) and a high metabolism
(Woodruff et al, 1965). This is the first large study, which indicates treatment at the
time of biopsy. Untreated LS demonstrated a very similar proliferation rate to normal
genital skin (3.6 ± 5.4 versus 3.4 ± 3.0). An increase in proliferation was demonstrated
in lesions showing over expression o f p53 though this did not reach a statistically
significant difference (p=0.53). Ki67 showed nuclear staining in the basal/para basal
layer, which is where the proliferating unit is found in the epidermis this, was also
demonstrated by other authors studying both normal vulval skin and non-genital skin.

Ki67 is a non-histone nuclear protein whose function remains unknown but is known
to be expressed throughout the cell cycle with the exception o f the GO phase. Ki67 is
believed to be a more accurate method o f demonstrating proliferation than PCNA,
which has a role in DNA repair by activating DNA-polymerase-ô.

p21

Untreated LS demonstrated over expression o f p21^^^^^'P^ when

compared to normal epidermis (p=0.0096). Only 5% o f patients who overexpressed
p53 also demonstrated the over expression o f

this has been the first study to

examine the role o f p2l^^^^^'P^ in LS. In a functional p53 protein during periods o f
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induced cell stress, the main target for p53 transcription for G1 arrest is p21
Therefore it has always been presumed that over expression o f both p53 and
p21

would indicate a wt TP53. However, work on some cancers indicates that

there may be an independent pathway for p21

transcription, where p21

could be upregulated in the presence o f mt TP53.

Cvclin D l : No other authors have studied the expression o f cyclin D l in vulval
lesions. Kurzrock et al (1995) looked at the expression o f cyclin D l in vulval cancer
cell lines and found abnormal expression through amplification o f the gene. In this
study 46% o f untreated LS lesions demonstrated over expression o f cyclin D l.
However, this was not statistically different as 37.5% o f normal vulval skin was also
shown to over express cyclin D l. In normal cells cyclin D l should be expressed at
levels that are undetectable by IHC. However, cyclin D l has been shown to be over
expressed in pre-malignant skin lesions in animal studies (Robles & Conti, 1995)
indicating that the over expression o f this protein is an early event in skin
carcinogenesis caused by exogenous agents. Cyclin D l over expression has been
shown to shorten the G1 phase o f the cell cycle and also reduce the need for growth
factors in cell lines.

pR b: Lerma et al (1999) and Chan et al (1998) looked at pRb in NNEDV and found
no loss of expression (i.e. normal expression o f pRb). However, this work has
indicated that 39% o f LS lesions not treated with topical corticosteroids, demonstrate
abnormal pRb expression though it must be noted that the numbers in this study are
greater and that different antibodies were used between the three studies. There was
no statistically significant difference (p=0.67) demonstrated between LS and normal
vulval tissue. However, the antibody used does not detect whether pRb is
hypophosphorylated or phosphorylated or if the protein is below the level o f
immunohistochemical detection. Small quantities o f pRb may be missed or the pRb
could be inactivated by phosphorylation or mutation.

It has been shown that for abnormal proliferation and shortening o f the G1 phase, over
expression o f cyclin D l or loss ofpR b is required; there is no selective growth
advantage for both proteins to be abnormally expressed. There was a difference
demonstrated between the abnormal expression o f one or other o f these proteins and
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LS lesions when compared to normal skin indicating that LS lesions do appear to have
some loss o f control in the cyclin D l/pR b pathway resulting in increased proliferation
and a potential loss o f cell cycle control.

Bcl-2: Bcl-2 is a cell death suppressor gene regulating apoptosis. Bcl-2 staining was
noted in the inflammatory infiltrate o f LS which has also been described by Carlson et
al (1998). Carlson believed that the expression o f Bcl-2 in the inflammation indicated
the presence o f a mitogen induced lymphoid proliferation and lymphocyte directed
inflammation (Reed et al, 1987). There has been a further study looking at the
expression o f Bcl-2 by van Hoeven and Kovatich (1996) who found no difference
between normal vulval tissue and LS for Bcl-2 with staining found in the basal layer
o f the epidermis in both lesions. There was no statistical difference in my work when
comparing LS and normal vulva.

Bax: There have been no previous studies o f Bax expression in LS. Reduction in
expression o f Bax promotes cell death, which results in cells with reduced Bax having
a growth selective advantage which together with abnormal Bcl-2 (over expression)
could result in expansion o f the number o f cells. Since a significant difference in Bax
expression (p=0.015) demonstrated between untreated LS sections and normal vulval
tissue, there does appear to be an alteration in the control o f cell death, with cells in
LS losing the ability to undergo apoptosis. Though when examining abnormal
expression for both Bax and Bcl-2 there was no statistically significant difference
between untreated LS and normal vulva (p=0.24).

When compared to normal vulval skin untreated LS demonstrate few changes in
proteins involved in either the cell cycle or the apoptosis pathway. Though p53 was
over expressed in almost 20% o f untreated LS this was not statistically different.
There was no difference identified with the proliferation rate between LS and normal
vulva. Though there does appear to be loss o f control in the apoptotic pathway
through abnormal Bax expression indicating that these lesions do appear to have some
loss o f cell cycle control resulting in abnormal proliferation and therefore possible
selective growth advantage compared to ‘normal’ kératinocytes.
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Others have demonstrated the similarities between LS and normal genital skin in p53,
Ki67 and Bcl-2 expression (e.g. van Hoeven & Kovatich, 1996; Scurry et al, 1998).
However, Carlson et al (1998) demonstrated increased p53 and Ki67 when compared
to normal genital skin, though this study uses different antibodies and it is not clear if
the biopsies were taken while the patients were being treated with topical
corticosteroids.

3.4. iii LS treated with topical corticosteroids:
Currently the usual treatment for LS is the application o f moderate to very potent
topical corticosteroids which in the majority o f patients appears to result in an
improvement in not only symptoms but also both clinical and histological appearance.
To date there have been no studies to indicate that the use o f topical corticosteroids
will prevent the development o f cancer. In fact there have been two reports indicating
that some patients even on topical corticosteroid treatment can still progress to cancer
(Carli et al, 1995; Rolfe et al, 2001). No large IHC studies except this work examining
LS (Rolfe et al, 2001,2002) has indicated whether the patients from whom samples
were taken had been treated with topical corticosteroids or not.

This work has shown significant molecular differences between LS exposed to topical
corticosteroids and LS not exposed e.g. increased expression o f p53 and Ki67 .
Corticosteroids are generally believed to be anti-mitotic, immunomodulatory, and
glucogenic. The increased cellular proliferation was particularly seen in the treated
lesions, which were p53 positive.

p53: Only one other small study has examined the effects o f topical corticosteroids on
cell cycle proteins in genital LS and the results were rather inconclusive (Cardinal et
al, 1995). In six o f the ten cases, p53 expression was absent in the first biopsy but
present after treatment; in three cases p53 expression was present in the first biopsy
but absent in the second biopsy, and the remaining case showed no p53 expression.
Ki67 was present in the majority o f cases with five showing an increase in the second
biopsy and in three a reduction o f Ki67 after treatment (Cardinal et al, 1995).

This work demonstrates a statistically significant difference demonstrated between
treated and untreated LS for p53 expression (p=0.004). Wild type p53 has been shown
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to be able to physically interact with the glucocorticoid receptor and repress the
glucocorticoid-dependent transcriptional activity, and it is therefore possible that p53
may play a role in altering the activity o f glucocorticoids in cells (Yu et al, 1997).

There was a statistically significant difference demonstrated between treated and
untreated LS for p53 expression (p=0.004). Glucocorticoids can stimulate apoptosis in
human thymocytes in vitro (Kirsch et al, 1999). It is possible that the aberrant
expression o f p53 could reflect an increase in wt p53 protein levels and an activation
o f apoptotic pathways or enhanced p53 synthesis in response to DNA damage, which
has been demonstrated by other observations, e.g. skin subjected to UV light (Shaw et
al, 1992). However, treatment with topical corticosteroids also appears to increase the
proliferation rate o f LS with a statistically significant difference demonstrated
between the treated LS and untreated LS (p=0.001).

Ki67 and ^21^^^^^'^^ : This work has demonstrated that LS shows an increase o f Ki67
expression with the use o f topical corticosteroids which indicates an increase in cell
proliferation rather than arrest, although the mechanisms underlying this remain to be
elucidated. LS lesions demonstrated abnormal p21

whether the LS was treated

with topical corticosteroids (60%), or not (55%).

Topical corticosteroids represent the treatment for many dermatoses but as yet the
mechanism o f their action remains uncertain. It is known that multiple systems are
responsible for transduction o f corticosteroid effects at the molecular level. The main
modes o f action are via binding to specific receptors, followed by the initiation o f
transcription o f several target genes including growth factors (e.g. epidermal growth
factor) and cell cycle proteins, the endpoint being the regulation o f specific protein
synthesis. It is known that the use o f topical corticosteroids decreases both collagen
protein and mRNA synthesis (Oikarinen et al, 1998). It is also known that the
administration o f dexamethasone in some cells e.g. rat hepatoma cells, results in a
rapid and selective increase in mRNA and protein expression o f the cell cycle
inhibitor p21

and could therefore act by a cell cycle arrest mechanism (Cha et

al, 1998). However, in fibroblasts there is a decrease in p21

protein in

response to dexamethasone (Li et al, 1998).
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Cvclin D l : It has been demonstrated in cell lines that glucocorticoids, e.g.
dexamethasone, can play a role in the expression o f cyclin D l. In airway smooth
muscle it has been shown that cyclin D l protein levels can be inhibited which results
in a G1 cell cycle arrest (Fernandes et al, 1999). However, in continuously cycling rat
mammary tumour cells arrested with glucocorticoids, the level o f cyclin D l and cmyc mRNA increases when the steroids are withdrawn (Goya et al, 1994). It is
believed that c-myc may regulate cyclin D l expression in the G 1 phase o f the cell
cycle (Krontiris, 1995). In other fibroblast cell lines e.g. L929 (Ramalingam et al,
1997), and in lung alveolar epithelial cells (Corroyer, 1997), dexamethasone inhibits
proliferation but has no effect on the levels o f cyclin D l, D2 or D3 in cells in the mid
log phase o f cell growth.

Corticosteroids appear to have little effect on the levels o f cyclin D l in treated LS
lesions. However, in histologically normal epidermis cyclin D l was found to be over
expressed. It is presumed since these biopsies had been taken for clinical reasons,
there could be molecular changes, and over expression o f cyclin D l could antedate
any histological changes although it is interesting that topical corticosteroids had no
effect on the level o f the protein. Whether this over expression is caused by gene
amplification, mRNA over expression alone or protein over expression due to post
transcriptional events (Hall & Peters, 1996) is currently unknown.

pRb: The expression ofpR b was different between cases treated with ‘steroids’ and
those which had not been (55% vs 39%) though this difference did not reach statistical
significance. In airway smooth muscle the use o f dexamethasone has been shown to
slow the restriction point or in thrombin treated cells it reduced the levels o f both hypo
and hyper-phosphorylated pRb (Fernandes et al, 1999). These results do not indicate
whether the sections show loss o f expression simply because levels o f pRb are
undetectable nor does it indicate whether the protein is hypo or hyper-phosphorylated
in those sections showing normal expression.

Bcl-2 and Bax: There was also no statistically significant difference when looking at
the ratio o f Bcl2: Bax in treated LS, and untreated LS.
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3.5 SUMMARY;
Potent topical corticosteroids are widely used in the treatment o f genital LS. It has
been found that the majority o f patients gain relief from symptoms with improvement
in both clinical and histological appearances, though it has been reported that long
term treatment is required to maintain symptom control (Carli et al, 1994; Sinha et al,
1998). One study has looked at treatment with Clobetasol propionate over a threeyear period (Lewis, 1999) and reported no evidence o f side effects such as local
infection or skin atrophy. However, it remains unclear whether there are significant
molecular side effects.

This work has shown that when compared to normal vulval tissue untreated LS does
not appear to have many abnormalities identified in cell cycle/apoptotic proteins. The
cell cycle has two essential pathways leading to the restriction point between G 1 and
S, the p53 pathway and pRb pathway. This work has indicated that the proteins
involved in these pathways do appear to have altered expression in corticosteroid
treated LS when compared to normal vulval tissue. A fiirther finding is that in LS a
loss o f control is shown in the apoptotic pathway compared with normal vulval tissue.

A finding o f great interest in terms o f clinical treatment o f patients with LS is that
topical corticosteroids also cause alterations in cell cycle proteins, especially p53 and
Ki67. This although clinical and histological improvements can be demonstrated for
such treatment in the majority o f patients, long-term side-effects may develop which
are related to these molecular changes (see Chapters 4 and 8 ).

3.6 FUTURE WORK;
To use other monoclonal antibodies for cell cycle/apoptotic proteins which showed
abnormalities in LS e.g. to detect wt p53 (BP53-12; Upstate) and to detect
phosphorylated pRb (MCA2105; Serotec). To elucidate the reason why some cell
cycle proteins and/or apoptotic proteins are abnormally expressed, i.e. whether
through gene amplification, mutation, deletion, mRNA over expression through the
use o f PCR, RT-PCR, sequencing and hybridisation.
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To assess the role that corticosteroids play in cell cycle protein expression, especially
in the over expression o f p53, and to assess the role o f glucocorticoid resistance in the
patients with over expression o f p53 through analysis o f the p53 gene, the
glucocorticoid receptor and glucocorticoid response element. To assess if the changes
in cell cycle proteins, with the use o f topical corticosteroids, are transitory.

124

Protein
p53
Ki67

Mdm-2
p 2 |watl/c]pl

Cyclin D1
pRb
Bcl-2
Bax

LS
on
‘steroids’
53% (17/32)

LS not on
‘steroids’
18.7% (6/32)

LS-combined
group
36.1 (26/72)

+p=0.0009
*p=0.004

#p=0.159

~p=0.01

13.06+ 14.2

3.6±5.4

7.05+9.9

+p=0.001
*p=0.001

#p=0.9

~p=0.07

12.5% (2/16)

0% (0/22)

6 .8 %

(3/44)

Normal
0%

(0/16)

3.4+3.0

0 % (0 / 8 )

~p=1.0

+p=0.5
*p=0.17

60% (9/15)

55% (11/20)

56% (22/39)

+p=0.007
*p=0.96

#p=0.0096

~p=0.004

57% (12/21)

46% (11/24)

47% (24/51)

+p=0.4
*p=0.8

#p=1.0

~p=0.7

55% (11/20)

39% (9/23)

48.9% (23/47)

+p=0.22
*p=0.46

#p=0.67

~p=0.3

52.6% (10/19)

47.8% (11/23)

48.9% (24/49)

+p=0.67
*p-0.75

#p=1.0

~p=0.7

61% (11/16)

68%

+p=0.027
*p=0.9

#p=0.015

(15/23)

64.4% (29/45)

0% (0/8)
37.5%(3/8)
25% (2/8)
37.5% (3/8)
12.5% (1/8)

~p=0.015

+ =p value for treated versus normal ; *= p value for treated versus untreated; # =p value for untreated
versus normal; ~ =p value for all LS versus normal.

Table IXa: Overall results for IHC and LS demonstrating abnormal results for the
proteins.
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Proteins

T reated LS

p53+ Ki67 mean

15.58+13.5

U ntreated LS

N orm al epiderm is

5.83+9.7

*p=0.082

p53-Ki67 mean

p53+p21'“ ‘*'“'’‘p53-p21'™ "'""p53+p21'™ "'“'” +
p 5 3 - p 2 1 '^ ''" " +

Cyclin D1+ pRb+
Both negative

Cyclin D1+ pRb-

5.67+8.4

3.07+4.019

+p=0.35 *p=0.28

#p=0.74

6 .6 %

(1/15)

#p=1.0

33.3% (5/15)

40% (8/20)

+p=0.0027; *p=0.9

#p=0.008

26.7% (4/15)

5% (1/20)

+p=0.26; *p=0.14

#p=1.0

33.3% (5/15)

50% (10/20)

+p=0.12; p*=0.52

#p=0.025

26% (5/19)

26% (6/23)

+p=0.6 *p=1.0

#p=0.64

31.6% (6/19)

26% (6/23)

+p=0.135*p=0.96

#p=0.15

17.4%(4/23)

26% (5/19)
+p=1.0 *p=0.7

Cyclin D l - pRb +

15.8% (3/19)
+p=0.026 *p=0.47

Bax- Bcl-2+

5% (1/20)

■+p=1.0; *p=1.0

0 % (0 / 8 )

1 0 0 % (8 / 8 )

0 % (0 / 8 )

0 % (0 / 8 )

12.5%(l/8)
0 % (0 / 8 )

25% (2/8)

#p=0.6

30% (7/23)

62.5%(5/8)

#p=0.2

27.8% (5/18)

36.4% (8/22)

+p=0.2 *p=0.8

#p=0.24

+ =p value for treated versus normal ;
versus normal.

3.4±3.0

62.5% (5/8)

p value for treated versus untreated; #=p value for untreated

Table IXb: IHC o f combination o f proteins demonstrating abnormal expression o f
proteins.
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Protem(s)

Author

Materials & Methods

Results

Ki67, Bcl-2, PCNA

van Hoeven &
Kovatich, 1996

Normal vulva, LS, VIN
MAb (Ki67: MIBl; Bcl-2; clone 124).
Different methodology.

Ki67

Scurry et al, 1998

LS adjacent to SCC, LS not adjacent to SCC,
normal vulva.
MAb (Ki67: MIB).
Any nuclear reactivity was counted as positive.

p53 & PCNA

Soini et al, 1994

LS and normal skin.
PAb (p53: CMl); MAb (PCNA: PC 10).
Different methodology

pR b& pl6'^^

Chan et al, 1998

p53 and pRb

Lerma et al, 1999

p53, Ki67, Bcl-2
and others

Carlson et al, 1998

Benign skin tags, SH, condyloma also VIN and
SCC.
Rb-5 (Oncogene).
SCC, VIN, LS.
PAb p53 (1801). MAb anti pRb.
LS, SCC, LS preceding SCC and adjacent LS.
MAb from Ventana and Bcl-2.
Scoring was measured per 200 kératinocytes.

Normal: Ki67-parabasal and basal nuclei maioritv stained
positive. PCNA was the same. Bcl-2- basal cells only and
lymphocytes.
LS: mirrored normal epithelium with one patient being an
exception.
Normal skin: Ki67 expressed mainlv in the parabasal cell
nuclei and to a lesser extent the basal layer.
LS not adjacent to SCC: Ki67 resembled staining o f
normal skin with the exception that the basal layer
tended to stain relatively more than parabasal layer.
LS with SCC: Same pattern o f basal and parabasal
staining . Area o f hyperplasia noted in 6 cases showed
same reactivity as normal skin.
Normal: No p53 seen. PCNA was found in all normal
samples confined to the basal/parabasal layers.
LS: 73% showed p53 expression confined to basal/
parabasal layers. PCNA 91% showed staining confined to
basal/parabasal kératinocytes. LS with >5% or more p53
showed greater PCNA staining.
All benign lesions showed expression o f pRb, they found
an increase in loss o f expression through benign, VIN to
SCC.
All LS lesion showed pRb staining.

p53 & Ki67

Tan et al, 1994

Vulval LS, non-genital LS, normal vulval skin.
MAb (p53: D01;Ki67:M IBl).
Positivity was expressed as an index per 100
basal kératinocytes.

p53 and Ki67 were increased in LS compared to normal
vulval skin. Bcl-2 was not expressed in the LS with the
exception that over half o f the inflammatory cells stained
positive for Bcl-2.
p53: LS showed diffuse staining . Normal skin showed
less staining then genital LS. Non genital LS showed less
than genital LS but greater then normal skin.
Ki67: vulval LS showed less proliferation then normal
vulval skin.
Normal vulva showed the most proliferation

MAb: monoclonal antibody; PAb: Polyclonal antibody.

Table X: Summary o f cell cycle/apoptosis immunohistochemical studies in LS and normal vulva.
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Chapter four

Squamous cell carcinoma of the vulva,
prognosis, and adjacent lesions.
Presented in part at:
Blair Bell Meeting, London 1999
Blair Bell Meeting, Nottingham 1999
Published in part in abstract form:
Br J Ohs and Gynecol; 2000

Published in part in:
Int J Gynecol Cancer 2001

4.1 INTRODUCTION

SCC has an approximate incidence o f 1.8 per 100,000 women (Silverberg, 1980)
rising to an incidence o f 20 per 100,000 after the age o f 75 (Crum, 1992). SCC
appears to have two separate aetiologies. SCC occurring in younger women is often
associated with HPV and is often histologically basaloid or warty in appearance.
These SCCs have a recognised precursor lesion o f VIN. The actual percentage o f
patients with VIN that will progress to SCC is unknown and, VIN has been shown to
regress spontaneously in some cases.

The majority o f SCCs occur in older women and is rarely associated with HPV; they
are described histologically as keratinising. These SCCs however, do not have a
defined pre-neoplastic lesion, though there appears to be an association between
vulval inflammatory disorders with up to 76% o f vulvectomy specimens for SCC
showing a NNEDV (Vilmer et al, 2000). However, long-term follow-up studies have
estimated the risk o f patients with NNEDV to between 3-10% depending on whether
the NNEDV showed atypia or not (McAdams & Kistner, 1958; Wallace, 1971).
Others, have looked at the skin adjacent to SCC, which not uncommonly shows
epithelial disorders with the commonest being LS and SH. Epithelial changes seen
adjacent to SCC have been described by a number o f authors (as summarised in Table
II, Chapter 1).

Successful management o f SCC depends on early diagnosis, as lesions with a depth o f
less than 1 mm have a good prognosis (Wilkinson et al, 1982). It is therefore essential
to be able to recognise changes that may indicate a pre-malignant lesion and be able to
discriminate between those patients that are at a higher risk o f SCC.

There is little yet understood about the molecular changes that either precede SCC or
are altered in the SCC itself. The aims o f this study was to assess cell cycle protein
changes and alterations in apoptotic proteins in the SCC (as described in Chapter one.
Section 1.5.i) and compare these alterations in adjacent lesions to SCC, normal vulva
and lesions not adjacent to SCC. Molecular changes in cell cycle proteins have also
been shown in some cancers to have prognostic implications e.g. over expression o f
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cyclin D l in breast cancer (van Diest et al, 1997), head and neck squamous cell
carcinoma (Michalides et al, 1995), colon cancer (Maeda et al, 1998), loss o f
retinoblastoma expression in bladder cancer (Lipponen & Liukkonen, 1995) and over
expression o f p53 in ovarian cancer (Dong et al, 1997) to name a few. IHC was used
in this study as abnormal protein expression can be demonstrated and spatial
relationships between protein expression and lesions can be identified.

4. 2 MATERIALS AND METHODS:
4.2. i Details of SCC patients:
The patients’ details are described in Appendix Iliii. There were sixty-eight patients
with SCC whose mean age was 69.5+

1 2 . 1 years

(with a range o f 32-86 years); SCC

associated with NNEDV showed a mean age o f 71.6±

8 .6

years (range 49-86 years)

compared to SCC associated with VIN mean age o f 58 ±14 years (range 32-78 years).
Thirty-four patients were documented to have NNEDV (LS and /or SH) adjacent to
SCC, which was available for study and fourteen patients had VIN (VIN in this
chapter indicates undifferentiated VIN) adjacent to the SCC with four o f these also
having adjacent normal epidermis. There were a further two patients with adjacent
normal epidermis.

Seventeen patients were known to have had a vulval disease prior to developing SCC
confirmed by histology (fifteen had previously been diagnosed with LS). There were a
further fourteen who had recurrence o f their SCC. Nine patients had previously had
other cancers not associated with vulval disease and four patients had a history o f
treatment for an abnormal smear. Eight patients where known to either smoke or be
past smokers.

Appendix Iliv summarises the patients clinicopathological details; in summary there
were twenty-eight stage 1, seventeen stage 2, eight stage 3, one stage 4 and fourteen
SCCs which were recurrences. There were forty-seven well-differentiated SCCs,
seventeen moderately differentiated and three poorly differentiated SCCs (and one
whose biopsy was too small to estimate the differentiation pattern). Twenty-three
SCCs were less or equal to 1mm in depth, thirty-nine were greater than 1mm in depth,
and six whose measurements were not undertaken (all were recurrences). Thirty-two
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SCCs had a diameter less than or equal to 2 cm in size, twenty-eight were larger, two
had no discrete mass and in six the size o f the lesion was unrecorded (all recurrences).
Ten SCCs showed lymphatic/vascular space invasion and fifty-eight showed no
vascular space invasion. Seven SCCs had recordable métastasés, twenty-three had
their lymphatic nodes removed but there was no evidence o f metastatic spread,
twenty-four patients did not have their nodes removed while fourteen had had their
nodes removed previously (i.e. at time o f the primary SCC).

4.2. ii Vulval lesions not adjacent to SCC and normal epidermis:
There were sixteen normal control samples, which were first separated into those
comprising o f vulva adjacent to benign tumours (e.g. hidradenomas) and those where
samples had been taken for clinical reasons. No statistically significant difference was
demonstrated between these two groups. The two groups were therefore combined to
become the control group (full details are shown in Appendix table Ilii). None o f the
histologically normal control group had been treated with topical corticosteroids.
There were sixty-six patients who had LS that was not adjacent to SCC (as described
in Chapter 3) and thirteen patients with VIN not adjacent with SCC (as described in
Chapter 5).

4.2. iii Immunohistochemistrv:
IHC was performed as described in Chapter 2 with antibodies shown in Appendix I
and conditions as described in Table V, Chapter 2. Each lesion being scored
separately and when there were two blocks from the same patient, these were
compared for heterogeneous staining, but in general the score was taken from the
definitive surgery. Scoring was as described in Table VI, Chapter 2. All IHC was
performed four times with other criteria adhered too as described in Chapter 2
(Section 2.2.ii.e).

4.2. iv Statistics:
Statistical analysis was used, using a p value o f <0.05 as to be statistical significant,
chi square and the student t-test where used as appropriate. Kaplan-Meier analysis was
used for overall survival data. Kaplan-Meier analysis was also used to examine if
abnormal expression o f the proteins could indicate an increased risk o f recurrence o f
the SCC.
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4.3 RESULTS;
A statistical significant difference was demonstrated between the mean ages o f the
SCC with adjacent NNEDV and those with adjacent YIN (p=0.004). Other authors
have also described that there is often ten years or greater between SCCs associated
with NNEDV and those associated with VIN (Toki et al, 1991).

Appendix Illiii demonstrates each patient’s results.

As described in Chapter 1 (Section 1.5.i) pairs o f proteins are often associated
together in their roles in the cell cycle or apoptotic pathway, pairs o f proteins will
therefore have the results discussed together. There will then be a discussion for each
pair o f proteins and a final conclusion will be at the end o f this chapter.

4.3. i p53, Ki67 and Mdm-2:
p53: Sixty-nine percent (47/68) o f the SCCs demonstrated positive nuclear staining
for p53, which was located in the proliferating areas o f the tumour i.e. in welldifferentiated SCCs the staining pattern often mimicked the epidermis with positive
staining in the periphery o f the keratin nests where the proliferating cells were located,
while in poorly differentiated SCCs positive nuclear staining was scattered throughout
the tumour cells (Figures 25a & 25b). Staining was also identified in some SCC
lesions in vascular spaces within the dermis; however, the staining was often weak.
Normal epidermis whether adjacent to SCC or not, showed no p53 over expression
(Figures 18c & 25d). When SCCs were compared to normal vulval skin there was a
statistically significant difference with normal vulva adjacent to SCC (p=0.0016) and
normal vulva not adjacent to SCC (p=0.000002) with SCC demonstrating over
expression o f p53. Results are summarised in XIa.

There was no statistically significant difference in p53 expression between SCC with
adjacent NNEDV and SCC with adjacent VIN (p=0.7) (Figures 25b & 25c).

Ki67: For Ki67 the percentage o f stained cells was calculated (to the nearest 5%) and
then a mean staining index was calculated for each clinical group. Ki67 showed three
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Figure 25a: The over expression o f p53 in a well-differentiated SCC.
Magnification x 200.
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Figure 25b: p53 over expression in a poorly differentiated SCC with the adjacent VIN
also demonstrating over expression o f p53. Magnification xlOO.

Figure 25c: p53 over expression in SCC and in the adjacent NNEDV.
Magnification x 20.
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Figure 25d: Normal vulva adjacent to SCC demonstrating no p53 expression.
Magnification x 200

Figure 25e: SH adjacent to SCC demonstrating over expression o f p53 and showing
that the staining is throughout the epidermis.
Magnification x 200
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Figure 26a: Ki67 expression demonstrating the localised staining pattern.
Magnification xlOO.
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Figure 26b: The diffuse pattern of Ki67 staining with normal vulva overlying the SCC
demonstrating basal staining.
Magnification x 100.
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Figure 26c: Ki67 in LS adjacent to SCC. Magnification x 200.
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Figure 26d; K167 in VIN adjacent to SCC.
Magnification x 200
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Figure 26e: Normal vulva demonstrating Ki67 in basal layer of epidermis.
Magnification x 200

Figure 26f: SH demonstrating Ki67 expression throughout the epidermis.
Magnification x 100.
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patterns o f staining in SCCs, two o f which have been described by others (Scurry et
al, 1998), localised and diffuse (Figure 26a & 26b). While a few SCCs appeared to
show both patterns o f staining (Table Xlk). Staining was nuclear and, for localised
staining, the positive areas were confined to the periphery o f the keratin nests,
whereas in the diffuse staining pattern it was scattered throughout the tumour.

Normal epidermis whether adjacent to SCC or not, showed staining in the
basal/parabasal layer (Figure 26e). Staining was also identified in the inflammatory
infiltrate. There was no statistical significant difference demonstrated between SCC
with adjacent NNEDV and SCC with adjacent VEST (p=0.5). A statistically significant
difference was demonstrated between normal vulval tissue not adjacent to SCC
(p=0.00001) with SCCs showing increased proliferation.

p53 and Ki67: It was demonstrated that SCCs which showed over expression o f p53
also had increased Ki67 expression and therefore increased proliferation rates,
compared to p53 negative samples (Table Xlb).

M dm-2: This was found to be negative in all sections, though positive controls using
sarcoma tissue were found to work satisfactorily.

4.3. i.a Clinicopathological parameters in relation to p53, Ki67 and Mdm-2:
Stage: SCCs over expressing p53 were found to have increased proliferation rates (i.e.
increased Ki67 expression) in all stages.

Grade: A statistically significant difference was demonstrated between
well-differentiated SCCs (grade 1) and moderately differentiated SCCs (grade 2) for
p53 over expression with 82% o f moderately differentiated SCC showing over
expression o f p53 compared to 44.7% o f well-differentiated SCCs (p=0.025).

Proliferation rates were also found to demonstrate a statistical significant difference
between well-differentiated SCCs with a mean index o f 23.75±19.3 compared too
poorly differentiated SCCs which showed a mean index score o f 4±3.6 (p=0.00001).
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Graph la; Demonstrating survival when comparing p53 expression (p=0.97).
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Graph lb: Demonstrating the difference in recurrence rates when comparing p53
expression (p=0.99).
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Graph 2a: Demonstrating survival data when comparing the percentage for Ki67
(p=0.75).

P = 0 .4 9
1 .0

K 167 > 1 0 %
.7
*

1

2

3

4

5

K i 6 7 < o r e q u a l to
10

6

YEAR

Graph 2b: Demonstrating recurrence rates when comparing the percentage o f Ki67
(p=0.49).
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Though there were statistically significant differences demonstrated when comparing
Ki67 patterns and clinicopathological parameters, this was in the main through the
large numbers o f SCCs demonstrating the localised pattern.

4.3. i. b Survival and disease free survival p53 and Ki67:
There was no statistical significant difference between p53 positive and negative
lesions and overall survival (p=0.97) and recurrence rates (p=0.99). However, as
shown in the graphs (Graph la & Graph lb ) p53 over expression indicated a poorer
survival up to

6

years (though it must be noted that the fall at

6

years for p53

negativity was caused by one patient’s death). For Ki67 overall survival and
recurrence rates showed no statistical difference when a cut o ff o f

10%

was selected

(Graph 2a & 2b).

4.3. i. c Adjacent lesions:
L S: 52% o f LS adjacent to SCC demonstrated over expression o f p53 (Figure 25c).
This was statistically significantly different when compared to normal vulval skin
either adjacent to SCC (p=0.027) or not adjacent to SCC (p=0.016) with LS
demonstrating over expression o f p53 compared to normal epidermis. Proliferation
rates demonstrated a statistical significant difference when comparing normal vulval
skin not adjacent to SCC with LS adjacent to SCC (p=0.0001), with adjacent LS
showing increased proliferation (Figure 26c).

VIN: p53 over expression was demonstrated in 57.1% o f VIN adjacent to SCC (Figure
25b) there was a statistically significant difference when comparing normal epidermis
adjacent to SCC (p=0.042) or vulval skin not adjacent to SCC (p=0.0005). VIN
adjacent to SCC demonstrated increased proliferation rates when compared to normal
vulval skin not adjacent to SCC (p=0.0033) (Figure 26d).

4.3. i.d Discussion:
p53 expression in SCC.
Over expression o f p53 is a common finding in human malignant tumours and has
been investigated in relation to vulval cancer in a number o f studies (Table XII). 69%
o f SCCs showed over expression o f p53 compared to 39-87% in other studies
(Kohlberger et al, 1995; Pilotti et al, 1995; McConnell et al, 1997; Emanuels et al.
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1999; Lerma et al, 1999; Ngan et al, 1999; Scheistroen et al, 1999). However, several
of these studies used different scoring systems and also different antibodies (Table
XII).

p53 over expression can be the result o f several mechanisms. The p53 protein is
normally found in minute amounts in many cells, but when these cells are exposed to
genotoxic stimuli, wt p53 levels increase rapidly and initiate a programme o f
apoptosis or cell cycle arrest. In addition to increased wt p53 levels, p53 over
expression can be the result o f a mutation or by the binding o f proteins that neutralise
wt p53, e.g. Mdm-2. In this work it was found that there was no over expression o f
Mdm-2 and therefore it was not likely that the p53 protein was being stabilised by
Mdm-2.

In this study HPV-related SCC (e.g. SCCs associated with VIN) showed over
expression of p53, which was unexpected as E 6 from HPV binds to p53 and leads to
p53 degradation. The over expression o f p53 in these SCCs could be due to several
mechanisms e.g. that the SCC contains low levels HPV-DNA. Alternatively, there
may be a defect in the ubiquitin degradative pathway and hence accumulation o f the
p53 protein occurs.

Ki67 expression in SCC
Ki67 was expressed in the majority o f SCCs with a mean o f 24.1± 21.0. Others have
also shown the presence o f Ki67 in SCC. Hendricks et al (1994) also described two
patterns o f staining: diffuse and localised. In this study 70% showed the localised
pattern and 23% showed the diffuse pattern but in 7% SCCs were found with both
staining patterns. The biological significance o f these staining patterns is still
uncertain since the localised pattern was predominantly seen in well-differentiated
SCCs and patients with vascular invasion compared to those without vascular
invasion, which tended to show a diffuse pattern. Others have demonstrated a worse
survival in those with a diffuse pattern (Hendricks et al, 1994; Hantschmann et al,

2000).

A surprising statistical difference was demonstrated between well-differentiated SCCs
showing an increased proliferation rate compared to the poorly differentiated SCCs,
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although this was thought to be through the small numbers o f the poorly differentiated
tumours (n=3) compared to the well-differentiated SCCs (n=47). A further reason is
demonstrated when looking at prognosis; others have shown that it is not the
proliferation rate that appears important but the staining pattern, but in this study
numbers are too small to compare staining patterns for the poorly differentiated SCC
and survival rates.

This study has demonstrated a significant correlation between Ki67 staining and p53
over expression in SCC, which could indicate a loss o f wt p53 resulting in a loss o f
cell cycle control and therefore increased proliferation. However, it is also known that
p53 has other mediators which can also play a part in cell cycle regulation.

Correlation with clinicopathological variables
There was no correlation between p53 over expression and stage, lymphatic/vascular
spread, size or depth as has been reported in other studies (Emanuels et al, 1999;
Scheistroen et al, 1999). McConnell et al ^1997) showed that well and moderately
differentiated tumours were more likely to over express p53, this was also
demonstrated in this work.

p53 and Ki67 expression in adjacent lesions:
All epidermal changes except for normal skin adjacent to vulval cancer showed a
substantial percentage o f specimens with p53 over expression. To date, there have
been few studies (Kagie et al, 1997a; McConnell et al, 1997) examining p53 over
expression in the lesions adjacent to SCCs. In this work 57% o f the VINs adjacent to
SCC showed p53 staining which is a variance with other reports which have shown
lower percentages (Kagie et al, 1997a; McConnell et al, 1997). This may reflect the
different methodology used, or sampling o f areas away from the SCCs in other
studies, since it was frequently unclear if the lesion was adjacent to SCC (Pilotti et al,
1995; Ngan et al, 1999). The role that HPV and p53 play in VIN lesions needs further
study to understand the process that results in the over expression o f the p53 protein.
Other groups have also shown lower p53 expression in NNEDV lesions (e.g. LS or
SH), though again this could be the result o f different methodology (Kohlberger et al,
1995).
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p53 has been found to be an early marker o f high-risk lesions; often preceding
invasion in some cancers for example in bronchial lesions 25% o f the earliest
neoplastic lesions will show p53 mutations (Sundaresan et al, 1992). Others have
demonstrated p53 alterations (either increased expression or mutation) at or before the
stage o f severe dysplasia and in some normal mucosa in the oropharynx (Nees et al,
1993). This work has also demonstrated an increase in both p53 and Ki67 expression
several years prior to the development o f SCC (Rolfe et al, 2001; Chapter 8 ) when
examining the malignant progression from LS lesions.

The mean Ki67 staining index was higher in all lesions adjacent to SCC compared to
normal vulval skin; even normal vulval skin adjacent to SCC had an increased
proliferation rate compared with normal vulval tissue, though this did not reach
statistical significance. The pattern o f staining varied between different types o f
lesion, with both VIN and SH showing a diffuse pattern throughout the epidermis
while LS and normal vulval tissue showed staining in the basal/parabasal layer.
Changes in Ki67 staining pattern has also been described in dysplasias e.g. colon
(Andersen et al, 1998).

In conclusion these data suggest that the over expression o f p53 is associated with the
progression of vulval cancer and changes in its expression represent an early stage o f
malignant transformation in vulval disease. Such p53 changes are generally associated
with increased cell proliferation rates.

4.3. ii p 21
p21

(Figures 27) was scored as described in Chapter 2 (Table VI) however,

the majority o f SCCs demonstrated abnormal p21
p2 1

expression. Therefore

was scored as a percentage and then divided into three groups as

described by Stein et al (1998), 0-<10% was counted as negative, 11-< 50% as + and
>50% as ++. Stein et al (1998) showed that p21

is prognostic in bladder

carcinoma when divided into these groups.
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Figure 27a: Demonstrating p21

in VIN adjacent to SCC.

Magnification x 100.

Figure 27b:

WSÊM

expression in SCC, with VIN seen overlying the SCC also

expressing

Magnification x 200.

Figure 27c:

in LS adjacent to SCC.
Magnification x 200.
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Figure 27d:

in normal vulva adjacent to SCC.
Magnification x 200.
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Figure 27e: SH adjacent to SCC demonstrating p21Wafl^^'^^ expression.
Magnification x 200.
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Due to lack o f clinical tissue forty-eight SCCs were stained for p21

83.3% o f

SCCs demonstrated positive staining (i.e. >10%) (Figure 27b), this was demonstrated
to be statistically significantly different when compared to normal epidermis not
adjacent to SCC (p=0.000009). There was also a statistical significant difference
demonstrated when comparing SCC associated with NNEDV and SCCs associated
with VESf especially if one compares <10% as normal and >10% as abnormal (p=0.03)
with the majority o f SCCs associated with NNEDV demonstrating abnormal
p21

expression.

When splitting the p21

into the three groups described by Stein et al (1998)

the only statistical significant difference was demonstrated in the 0 -< 1 0 % group
(p=0.034) with the majority o f SCCs associated with VIN demonstrating this group.
16.6% were counted as negative (8/48), 54.2% (26/48) were + and 29.2% (14/48)
showed ++. In adjacent normal epidermis 33.3% were negative (n=2/6) while

6 6 .6 %

showed + staining with none identified with ++ staining. Normal vulval skin not
adjacent to SCC showed no p21

p53 and p21

p21

expression.

and p53 are believed to be linked through the cell

cycle pathway. When combining over expression o f p53 with p21

expression

(> 10%) 54.2% of the SCCs showed expression o f both proteins this compared with
29.2% showing no over expression o f p53 but positive p21

and both proteins

being negative (6.2%). A statistical significant difference was demonstrated between
SCCs with both proteins showing expression compared to adjacent normal epidermis
(p=0.02) and normal vulval skin not adjacent to SCC (p=0.005) with SCCs
demonstrating over expression o f both these proteins.

4.3. ii.a Clinicopathological parameters for p21
There was no statistical significant difference with any clinicopathological parameters
whichever way the p21

was scored. However, 60% o f SCCs whose lesions

were < 2cm showed p21

expression in 11-50% tumour cells (there was a

statistically significant difference when comparing the three p 2 1

scoring

groups p=0.006; Table XIo).
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Depth: Lesions that had an invasion depth o f > 1mm and demonstrated + expression o f
p21

over half o f these SCCs demonstrated p53 over expression, again this was

statistically significant different when comparing all three groups (p= 0 .0 0 2 ).

Lvmphatic /vascular invasion: The status o f lymphatic/vascular invasion did not
appear to matter for p 2 1
p21

expression as the majority o f lesions showed +

expression and this was statistically different.

Lvmph node métastasés: There was no statistical significance demonstrated, with the
exception that all SCCs which had positive lymph nodes showed p21
expression in 11-50% o f tumour cells (p=0.002).

4.3. ii.b Survival:
There was no statistical difference (p=0.3) between the three scores for p21
expression, though it appears that the lower the percentage the better the survival
(Graph 3a). There was also no statistical difference (p=0.09) between recurrence rates
for p 2 1

though the lower percentages appeared to show a worse rate o f

recurrence, though it must be noted numbers were small (Graph 3b).

4.3. ii.c A djacent lesions:
LS: LS adjacent to SCC (Figure 27c) showed a statistically significant difference
when comparing p 2 1

expression > 1 0 % against normal epidermis not adjacent

to SCC (p=0.0003) (Figure 27d). p21

expression in LS adjacent to SCC was

also demonstrated to be statistically significant when compared to normal vulval skin
not adjacent to SCC for group 0 (p=0.00001) and group + (p=0.007).

SH: A statistical significant difference was also demonstrated when comparing >10%
p21

expression in SH adjacent to SCC (Figure 27e) when compared to normal

epidermis not adjacent to SCC (p=0.013). p21

expression also showed a

statistical significant difference with normal vulval skin not adjacent to SCC showing
10% or less compared to adjacent SH (p=0.003). This was also demonstrated when
comparing group + (p=0.018).
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Graph 3a; p21

expression and survival when comparing the three scores
(p=0.3).
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Graph 3b: Comparison o f disease free survival and p21

expression.
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VIN: p21

expression also showed a statistical significant difference with normal

vulval not adjacent to SCC (p=0.015) with 58.3% o f VIN adjacent to SCC (Figure
27a) demonstrated with overexpression o f p21

4.3. ii. d Discussion;
p

53

and

expression in SCC:

p53’s main fimction is regulation o f the cell cycle at the G l/S transition. It is known
that this process is mediated through the transcription o f p21

by wt p53

(Harper et al, 1993). There have been studies examining the relationship between p53
and p21

with conflicting results. Barbareschi et al (1996) showed no

association between p21

and p53 in breast cancers using IHC. Others,

however, have shown an inverse relationship between p21

and p53 expression

(Ellis et al, 1997).

This is the first time that SCC and the adjacent lesions have been studied for the co
expression o f p21

and p53. IHC has always been presumed to be able to detect

mt p53 through the over expression o f p53. However, IHC cannot discriminate
between normal, stabilised wt p53, which may be over expressed, from a mt truncated
p53 protein, which could be IHC negative. A functional wt p53 protein can be over
expressed during periods o f induced cell stress, the main target for p53 transcription
for G1 arrest is p21

This CKI inhibits the phosphorylation o f the pRb and this

causes cell cycle arrest. p21

was demonstrated in the majority o f SCCs and the

adjacent lesions with the exception o f two cases o f normal epidermis which were
adjacent to SCC.

It appears that the presence o f p21

vulval tissue cannot indicate if the p53 is

mutated, with significantly more SCCs showing co-expression o f both p53 and
p21
with p21

which in theory indicates that the p53 is being stabilised by a mutation
activated independently (see Chapter 7 for further discussion),

though as already discussed stabilisation can occur o f wt p53. Others (Greenblatt et al,
1994) also believe that some mt p53 are still functional, i.e. are able to transcativate
p 2 | wan/cipi
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Correlation with clinicopathological variables:
There were no statistically significant differences between the three scores for
p21

and clinicopathological variables though the lower the percentage o f

positive cells the better the survival. p 2 1

expression also showed that a score

for 11-50% o f SCCs showed positive lymph nodes.

This work has demonstrated that p21

is expressed in significant proportions in

SCCs and the adjacent lesions. The lack o f association between p53 and p21
could indicate that p21

is being induced in a p53 independent manner.

4.3. iii Cvclin D1 and pRb
Cvclin D l : Staining was nuclear and cytoplasmic (Figure 28a) with positive staining
indicated in cells that where believed to be proliferating. Lymphocytes also showed
positive staining along with other cells in pilosebaceous units. Cytoplasmic staining
was also present when the SCC and adjacent lesions e.g. LS was positive for cyclin
D l which has also been observed by other authors in breast cancer (Gillett et al,
1994). Fifty-four percent o f SCCs (36/66) showed positive nuclear staining though
37.5% o f normal vulval skin not adjacent to SCC also showed over expression o f
cyclin D l. However, normal epidermis adjacent to SCC showed no over expression o f
cyclin D l and there was therefore a statistically significant difference (p= 0 .0 2 )
between the adjacent normal epidermis and SCC with over expression demonstrated
in the SCC. There was no statistical difference between SCCs with adjacent NNEDV
and SCCs with adjacent VIN (p=0.12).

pR b: Abnormal expression for pRb is loss o f staining, though the majority o f SCCs
demonstrated normal expression (Figure 29a). In normal vulval skin, staining was
found in the basal/parabasal layer o f the epidermis, along with dermal lymphocytes
(Figure 29e). Thirty-two percent o f SCCs showed abnormal pRb expression (i.e. loss
o f expression o f pRb); however, this was found not to be statistically significant when
compared to adjacent normal and normal epidermis. There was no statistical
difference demonstrated between the SCCs with adjacent NNEDV and SCCs with
adjacent YEN (p=0.65).
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Figure 28a: The expression o f cyclin D l in SCC. Magnification x 100.
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Figure 28b: VIN adjacent to SCC demonstrating little cyclin Dl expression.
Magnification X 100.

Figure 28c: LS adjacent to SCC demonstrating both nuclear and cytoplasmic staining
for cyclin D l.
Magnification x 20.
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Figure 28d: Normal vulva adjacent to SCC demonstrating no over expression of
cyclin D l.
Magnification x 20.
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Figure 28e: SH expressing cyclin D l over expression.
Magnification x 100.
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Figure 29a: Normal pRb expression in SCC.
Magnification x20.
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Figure 29b: Normal pRb in VIN adjacent to SCC.
Magnification x 20.
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Figure 29c: SH adjacent to SCC demonstrating normal expression of pRb.
Magnification x 400.
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Figure 29d: LS demonstrating normal pRb expression.
Magnification x 20.

Figure 29e: pRb expression in normal vulva.
Magnification x 200.
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pRb and Cvclin D l : Nearly fifty-eight percent (57.8%) o f SCCs showed an
abnormality in either pRb or cyclin D l . It has been proposed that having both proteins
abnormal, would not allow a selective growth advantage and this current work has
shown that only 16% o f SCCs showed abnormality o f both these proteins. When
compared to normal epidermis adjacent to SCC there was no statistical difference with
lesions showing one abnormal protein and the other being normal compared to normal
vulval skin not adjacent to SCC which was shown to have a statistical significant
difference (p=0.023) with SCC showing increased loss o f this cell cycle control.

4.3. iii.a Clinicopathological parameters:
All poorly differentiated SCCs showed loss o f expression o f pRb compared to 31.8%
o f well-differentiated SCCs, and this was statistically significantly different (p=0.04).

4.3. iii. b Survival:
There was no statistical difference in survival between SCC over expressing cyclin D l
and those that were cyclin D l negative (p=0.95). Recurrence rates showed no
statistical difference between the expression o f cyclin D l and those SCCs which were
negative (p=0.1) (Graph 4b).

There was no statistical difference between the SCCs expressing pRb and those that
were negative for pRb for survival (p=0.59 (Graph 5a). There was also no statistical
difference demonstrated when comparing loss o f pRb expression and those showing
normal pRb for recurrence rates (p=0.05), with those SCCs showing abnormal pRb
less likely to have a recurrence (Graph 5b).

4.3. iii. c Adjacent lesions:
Cvclin D l : 47.8% o f LS adjacent to SCC demonstrated over expression o f cyclin D l
(Figure 28c), there was no statistical difference demonstrated when compared to
normal vulva either adjacent to SCC (Figure 28d) (p=0.057) or normal vulva (p=0.69).
There was also no statistical differences demonstrated when examining SH (Figure
28e) and normal epidermis either adjacent (p=0.26) or normal epidermis (Figure 21b;
Chapter 3) (p=1.0) and this was also demonstrated for VIN (Figure 28b) (p=1.0;
p=0.3).
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Graph 4a; Demonstrating survival when comparing Cyclin D l expression (p=0.95).
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Graph 4b: Demonstrating recurrence rates for Cyclin D l expression (p=0.1).
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Graph 5b: Demonstrating recurrence rates for pRb expression (p=0.05).
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pRb: There was no statistical significant differences demonstrated when examining LS
(34.7%) (Figure 29d), SH (60%) (Figure 29c) and VESF (35.7%) (Figure 29b) and
comparing them with either adjacent normal epidermis (Figure 29e) or normal
epidermis (Figure22b; Chapter 3).

4.3. iii. d Discussion:
Cvclin D l in SCC:
It is now well established that the cyclin D l gene (CCN Dl) is up-regulated in a
number o f cancers, e.g. breast, oesophagus and skin, due to gene amplification and
mRNA over expression, mRNA over expression alone or protein over expression due
to post transcriptional events, indicating that a variety o f mechanisms are involved in
the regulation o f this gene (Hall & Peters, 1996). Only one study has examined
CCNDl regulation in vulval disease (Table XII), where it was shown that the gene
was amplified and over expressed in three vulval cancer cell lines (Kurzrock et al,
1995). This is the first study to identify cyclin D l protein expression in vulval tumour
tissue. It is as yet unknown which o f the above mechanisms is involved in the increase
in protein expression.

pRb expression in SCC:
Others have examined pRb expression in the vulva (Chan et al, 1998; Lerma et al,
1999) (Table XII). Lerma et al (1999) found 21% o f SCCs showed abnormal pRb
(lack o f staining) compared with these findings o f 34.7%. Chan et al (1998) found
31% o f SCCs showed loss o f retinoblastoma staining. The range o f 21-35% also
correlates well with findings in other cancers, e.g. 26% in breast carcinoma (fares et
al, 1997), 27% in lung carcinoma (Betticher et al, 1997) and 29% in bladder
carcinoma (Cote et al, 1998).

Tumourigenesis is known to be a multistep process and, in some cancers, the normal
tumour suppressor role o f pRb is altered by the over expression o f cyclin D l, direct
loss o f pRb function or by other methods which could override the inhibitory effect o f
this tumour suppressor gene such as binding o f the E7 oncoprotein o f HPV. At the
simplest level, there would appear to be little selective advantage in tumours where
there is both up-regulation o f CCNDl and loss ofpR b expression and this is supported
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by the findings o f only six SCCs, and four adjacent lesions, having alterations in both
cyclin D l and pRb levels. Work in other tumours (e.g. oesophageal, lung) and cell
lines have also shown that cyclin D l over expression usually coincides with normal
pRb and abnormal pRb expression with normal levels o f cyclin D l (Betticher et al,
1997).

Correlation with clinicopathological variables:
Abnormal expression o f both pRb and cyclin D l has been associated with a poorer
prognosis in a number o f cancers. Over expression o f cyclin D l is associated with
advanced tumour phenotype and poor prognosis in squamous cell carcinoma o f the
head, neck and oesophagus (Michalides et al, 1995), and colon cancer (Maeda et al,
1998), while loss ofpR b is associated with poor prognosis in bladder cancer
(Lipponen et al, 1995). Over expression o f p53 and/or cyclin D l, or loss o f pRb, are
associated with a worse prognosis in ovarian cancer (Barbieri et al, 1997; Dong et al,
1997). In this study loss o f pRb showed a reduced recurrence rate compared to those
tumours shown to have potentially normal retinoblastoma expression.

These data suggest that abnormal pRb is associated with poor differentiation and high
stage and that abnormal cyclin D l is correlated with greater depth o f invasion.

Cvclin D l and pRb expression in adjacent lesions:
Some lesions adjacent to SCC also showed over expression o f cyclin D l (LS 47.8%,
SH 33.3%, and VIN 14.3%) compared to adjacent normal tissue (0%). These data
suggest that cyclin D l may have a role to play in the progression from premalignant
vulval lesions to invasive tumours, particularly in the case o f LS.

Over expression o f cyclin D l in the early stages o f tumour development has been
reported in several studies on premalignant skin lesions in mice (Robles & Conti,
1995). Cyclin D l in mice was found to be over expressed in dysplastic lesions
whereas normal and hyperproliferative skin lesions were negative (Robles & Conti,
1995). Others have also demonstrated the over expression o f cyclin D l in
premalignant lesions o f head and neck epithelia (Izzo et al, 1996) and carcinoma in
situ o f the breast, with lack o f expression in normal tissue (Weinstat-Saslow et al,
1995).
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The relatively low expression o f cyclin D l in adjacent VIN may be due to the effect o f
HPV; D-type cyclins are able to bind to pRb through an N-terminal LXCXE m otif
The LXCXE m otif is also common in HPV-E7 oncoproteins, which may bind to pRb
and release E2F, the factor that permits progression through to the S phase o f the cell
cycle (Donnellan & Chetty, 1998). Since HPV is found in the majority o f VIN lesions,
this would correlate with the deregulation o f pRb rather than increased expression o f
cyclin D l.

In conclusion, these data suggest that cyclin D l and pRb are separately involved in the
progression o f vulval cancer and changes in the expression o f these proteins also
represent an early stage o f malignant transformation in vulval disease.

4.3. iv p l6
Similarly to pRb, loss o f expression o f p i 6

is abnormal expression for this

protein. Eighty-one percent o f the SCCs showed loss o f expression (35/43); however
this was not found to be statistically significant as normal epidermis adjacent to SCC
also showed a loss in 80% o f lesions. Histologically normal vulva not adjacent to SCC
showed 100% loss o f p l 6
p l6

4.3. iv.a

(Figure 30c). Figure 30a shows normal expression for

in SCC. Results are summarised in Table XIa.

clinicopathological parameters:

There was no statistically significant differences demonstrated with any
clinicopathological parameters

4.3. iv.b P16INK4A and pRb expression:
81.8% showed abnormal expression o f p l 6 ^^"*^ and/or abnormal pRb though this was
not statistically significant when compared with normal vulva adjacent to SCC.

Clinicopathological parameters
Clinically it appears that SCCs with one normally expressed protein and one
abnormally expressed protein are smaller, have a better stage and are likely not to
have lymph node métastasés or vascular invasion, p i a n d pRb appear to play a
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Figure 30a: Normal p i 6

expression in SCC.

Magnification x20.

Figure 30b: Normal p i 6

expression in SH adjacent to SCC.

Magnification x20.

Figure 30c: Normal vulva adjacent to SCC demonstrating no p i 6
Magnification x 20

expression.
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Figure 30d: p i 6

in VIN adjacent to SCC showing normal expression.
Magnification x 10

v-vi •

Figure 30e: p i 6

in LS adjacent to SCC demonstrating normal expression.
Magnification x 20
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role in SCC and adjacent lesions in particular NNEDV appear to show loss o f

pl6iNK4A expression.
4.3. iv. c Survival:
There was no statistical significant difference between survival and p i 6
expression (p=0.4). However, SCCs demonstrating p i 6

expression showed better

survival than those with negative staining (Graph 6 a). There was no statistical
difference in recurrence rate and p i 6

expression (p=0.99) (Graph 6 b).

4.3. iv. d A djacent lesions:
There was no statistical significant difference demonstrated with any adjacent lesion
when compared to normal vulva either adjacent to SCC or normal vulva (Figures 30b,
c, d, e). Both normal vulval lesions whether adjacent or not demonstrated loss o f
expression of p i 6 ^*^"^^.

4.3. vi. e Discussion:
p l 6 iNK4A

expression in SCC:

Loss o f p l 6 ^^^* expression has been described in a number o f other cancers with a
range o f 27 % to 91% ^Sharipo et al, 1995; Dublin et al, 1998; Michalides, 1998).
Work by Chan (1998) in SCCs showed loss o f p l 6

expression in 63% o f SCCs

compared to this work, which demonstrated 81.4%. Down-regulation o f p l 6 ^^"^"^ can
be caused by a number of factors, e.g. gene mutation, deletion, DNA méthylation
(which alters gene transcription ) and binding o f TAX protein (axonal surface
glycoprotein) from HTLV-1 virus (human T-cell leukaemia/lymphoma virus type 1)
(Otterson et al, 1995; Reed et al, 1996; Suzuki et al, 1996; Arap et al, 1997).

p l 6 iNK4A

as a negative regulator o f cell growth by binding to CDK4 and

preventing it from forming an active complex with cyclin D l. Other authors have
demonstrated loss o f p i 6 ^^"^^ expression in pre-malignant lesions associated with oral
cancer (Sator et al, 1999). In vulval lesions loss o f p i 6 ^^^^ expression has been
observed (Chan et al, 1998,) though these lesions were not adjacent to SCC. The
majority o f vulval adjacent lesions showed loss o f p l 6 ^^^* expression, this included
normal vulval skin both adjacent to SCC and not. However, it has been shown that
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Graph 6 b: Demonstrating recurrence rates for p l 6 ^^^'‘'^ expression (p=0.99).

164

this may represent a normal physiological state in non-neoplastic or non-proliferating
cells, and in most normal cells. p l 6

expression is known to be low at both

mRNA and protein levels in breast carcinomas (Dublin et al, 1998).

In some cancers, the normal tumour suppressor role o f pRb is altered by the presence
o f the tumour suppressor p i 6

Others, have also demonstrated that a functional

pRb will result in loss o f p l 6

46.5% o f the SCCs, which showed loss o f

p l6

demonstrated positive IHC for pRb and therefore a potentially functional

pRb. Direct loss o f pRb function or by other methods, could override the inhibitory
effect o f this tumour suppressor gene such as binding o f the E7 oncoprotein o f HPV.
Tam et al (1994) demonstrated in vitro that cells expressing E 6 and E7 showed
upregulation of p i
p l6

through inactivation o f pRb and p53. Over expression o f

has been shown in cervical cancers (Sano et al, 1998). In this study the

majority o f SCCs demonstrating expression o f p i 6

were associated with VIN

and therefore one can presume contain HPV-DNA resulting in an upregulation o f
p l 6 INK4A ^jy-ough loss o f either pRb or p53.

4.3. V Bcl-2 and Bax:
Bcl-2: IHC staining was identified as cytoplasmic with over expression counted as
abnormal with lymphocytes also often showing positive staining. There was one case
o f positive staining in a SCC (2.9%), though normal epidermis adjacent to SCC
showed over expression in all samples (3/3) and in normal vulval skin not adjacent to
SCC, 37.5% showed over expression (3/8). Hence there was a statistically significant
difference between both control groups and SCC (adjacent normal p=0.0005 and
normal p=0.017) with SCCs showing reduced over expression o f Bcl-2.

Bax: Loss o f expression is considered abnormal. Almost sixty-five percent o f SCCs
showed loss o f Bax (Figure 32a) compared with 12.5% normal vulval tissue
(p=0.014), though all normal adjacent epidermis showed loss o f (3/3) o f expression
(Figure 32e).
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Figure 31a: Over expression of Bcl-2 was demonstrated in this one SCC.
Magnification x 20
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Figure 31b: Demonstrating over expression o f Bcl-2 in LS adjacent to SCC.
Magnification x 100.
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Figure 31c: Normal Bcl-2 expression (no cytoplasmic staining but lymphocytes
staining positive) in SH adjacent to SCC.
Magnification x 20.
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Figure 3 Id: Over expression o f Bcl-2 in normal vulva.
Magnification x 10.
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Figure 3 le: Normal expression in VIN o f Bcl-2 (i.e. no staining). Only lymphocytes
showing positive staining.
Magnification x20.
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Figure 32a: Bax in SCC. The majority o f SCCs demonstrated loss of Bax.
Magnification x 40
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Figure 32b: Normal Bax expression in LS adjacent to SCC.
Magnification x 100.

Figure 32c: VIN demonstrating normal expression o f Bax.
Magnification x 100.
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Figure 32 d: Normal vulva demonstrating abnormal Bax expression (loss of staining).
Magnification x 100.
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Figure 32e: SH adjacent to SCC demonstrating Bax expression.
Magnification x 20.
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Graph 7a: Graph demonstrating survival when comparing Bax expression (p=0.48).
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Graph 7b: Recurrence rates when comparing Bax expression (p-0.5).
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Bcl-2 and Bax: Alteration in the ratio between the two proteins is believed to indicate
an abnormal apoptotic pathway (Brambilla et al, 1998). Normal vulval skin not
adjacent to SCC demonstrated that the Bax protein was always expressed (normal
expression) compared to Bcl-2 which was over expressed in 38% o f normal tissue.

It was believed that a change in the Bax: Bcl-2 ratio can be altered. 64.7% (22/34) o f
SCC showed abnormal Bax: Bcl-2 ratio, however this was caused by loss o f Bax
rather than the up regulation o f Bcl-2. Only one patient demonstrated up regulation o f
Bcl-2 without the loss o f Bax.

4.3.v.a Correlation with clinicopathological variables:
There was no statistical difference demonstrated in any clinicopathological parameters
for Bcl-2 and Bax.

4.3. v.b Survival:
There was no statistical difference between survival (p=0.48) and recurrence rates
(p=0.58) for Bax expression (Graph 7a and 7b).

4.3.V.C Adjacent lesions:

LS: Adjacent LS showed few lesions overexpressing Bcl-2 (Figure 31b), a statistical
significant difference was demonstrated when comparing LS with adjacent normal
vulval tissue (p=0.017) with normal adjacent tissue demonstrating increased
overexpression o f Bcl-2 (Figure 3 Id).

Bax was shown to have abnormal expression in 84.6% o f LS lesions adjacent to SCC
(Figure 32b), this was found to be statistically significantly different when compared
to normal vulva not adjacent to SCC (p=0.001).

SH: A statistical significant difference was found between normal vulval skin not
adjacent to SCC and adjacent SH with 75% o f adjacent SH lesions showing abnormal
Bax expression (p=0.024) (Figure 32e). Bcl-2 was also demonstrated to be statistically
significantly different when comparing adjacent SH (Figure 31c) to adjacent normal
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vulva (p= 0 .0 2 ) with the adjacent normal vulval tissue having increased over
expression o f this protein.

VIN: Bcl-2 was statistically different when compared to normal epidermis adjacent to
SCC (p=0.01) (Figure 3 Id).

Normal: When normal adjacent vulval tissue was compared to normal vulval skin not
adjacent to SCC it was statistically different (p=0.02) with adjacent normal tissue
demonstrating increased loss o f expression.

4.3. V Bax: Bcl-2 Discussion:
Bcl-2 and Bax expression in SCC:
Tumour growth is the net result o f proliferation and the escape from apoptosis and it is
possible that this is the case for clonal expansion o f pre-malignant lesions. The over
expression o f Bcl-2 has been found in a number o f solid tumours and has been
indicated as a prognostic marker e.g. breast cancer (Silvestrini et al, 1994). Over
expression o f Bcl-2 was rarely found in SCC (only 3%); however this was not the case
for the adjacent normal epidermis.

Bax expression was reduced or lost in basal cell carcinoma and in squamous cell skin
carcinomas o f Japanese patients (Tomkova et al, 1998) but has never been studied in
vulval SCC. Basal cell carcinomas have been found to show reduction o f the Bax
protein through frameshift mutations (Cho et al, 2001). A significant number o f
patients demonstrated a reduction or loss o f Bax in SCC when compared to normal
vulval skin (p= 0 .0 1 ) but the molecular mechanisms underlying this remain to be
identified.

It has been demonstrated that wt p53 can induce the transcription o f Bax and repress
Bcl-2 transcription, in some cell types, this allows apoptosis by changing the Bax:
Bcl-2 ratio. Others (Brambilla et al, 1998) found that the change in this ratio
contributes to clonal expansion during pre-malignant states in lung cancer. The change
that Brambilla et al, (1998) found was that in normal epithelium o f the lungs the Bax:
Bcl-2 ratio was always that Bax was higher than Bcl-2 and that in the cancer this was
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inversed. These data showed that the ratio changed through loss o f Bax expression
rather than through a change in the expression o f Bcl-2.

Bcl-2 and Bax expression in adjacent lesions:
These data has demonstrated that adjacent lesions (LS, SH and VIN) have increased
over expression of Bcl-2 compared to the SCCs. Brambilla et al (1998) also
demonstrated that 2 2 % o f their ‘preinvasive’ bronchial lesions demonstrated over
expression o f Bcl-2, which was not maintained in the cancer. They proposed that over
expression o f Bcl-2 occurred prior to or concomitantly with the disorganisation o f
dysplasia, but was not obligatorily maintained in invasive disease. Bax however was
lost throughout the lesions with the only exception being normal epidermis not
adjacent to cancer.

In conclusion it appears that there is a loss o f control in the apoptotic pathway in SCC
and the lesions adjacent to the SCC, including the normal epidermis adjacent to SCC.
This loss o f control in the pathway appears to be through the down-regulation o f Bax
rather than the up-regulation o f Bcl-2.
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4.4 LESIONS ADJACENT TO SCC COMPARED TO VULVAL
LESIONS NOT ADJACENT TO SCC.
4.4.Î Adjacent normal vulval skin compared to normal epidermis, not
adjacent to SCC:
Chapter three describes work that has been done on normal vulval skin not adjacent to
SCC.

p53: Certain workers (Soini et al 1994; Tan et al,1994) have commented on the over
expression o f p53 in genital LS when compared to normal genital skin and also the
expression o f Ki67 in LS lesions (van Hoeven & Kovatich, 1996). This work has
found that histologically normal vulva adjacent to SCC does not appear to over
express p53. However, though this is in agreement with some workers (McConnell et
al, 1997), others (Kagie et al, 1997a) showed over expression o f p53 in 13% o f normal
adjacent epidermis though they used a different antibody and staining conditions.

Ki67: Ki67 was demonstrated in normal epidermis not adjacent to SCC and normal
epidermis adjacent to SCC. However, though there was increased proliferation in the
normal epidermis adjacent to SCC compared to normal vulval epidermis this was not
statistically significant.

Cvclin D l and pR b: There was no statistical difference between the two groups for
cyclin D l though normal vulva not adjacent to SCC showed over expression o f this
protein in 37.5% o f cases. There was no statistical significant difference demonstrated
between the two groups for abnormal pRb expression. This was also demonstrated
when combining the two proteins for abnormal expression o f one with normal
expression o f the other.

Bcl-2 and Bax: Bax was shown to be statistically significant when comparing normal
epidermis adjacent to SCC and normal vulval skin. There has only been one study
looking at the expression o f Bcl-2 in vulval tissue, that o f van Hoeven and Kovatich
(1996) who found that normal vulval tissue expressed Bcl-2 in the basal layer o f the
epidermis and that this mirrored LS expression.
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4.4.L Summary:
When comparing normal epidermis adjacent to SCC and normal epidermis not
adjacent there appears to be no histological difference. However when examining cell
cycle/apoptotic proteins in these lesions there was a statistically significance
difference demonstrated between the two lesions. There was a statistically significant
difference between Bax (p=0.02) and

expression (p=0.015) and though not

significant there was a difference in proliferation rates when comparing Ki67
expression.

4.4.Ü. Adjacent LS compared to LS, not adjacent to SCC;
A statistical significant difference (p=0.00001) was demonstrated between the age
groups o f LS associated with SCC (mean age was 71.6 years) and for LS not adjacent
to SCC (mean age was 56 years). Carlson et al (1998) demonstrated an estimated 20year interval separates the onset o f LS and LS adjacent to SCC. Carlson et al (1998)
states that the factor o f time is part o f the process o f carcinogenesis in the path o f
NNEDV to SCC. Others have shown that the incidence o f SCC rises as a function o f
age to a peak o f 20 per 100,000 women after the age o f 75 years (Silverberg, 1980).

As previously demonstrated in Chapter 3, LS (not treated with topical corticosteroids)
is known to abnormally express a number o f cell cycle proteins, when compared to
normal vulval skin (Bax, p21'^®^^‘^’^^). There were changes in LS not adjacent to SCC
whether treated with topical corticosteroids or not (Rolfe et al, 2002; Chapter 3).

p53: There was a statistically significant difference between p53 expression in LS
adjacent to SCC, and untreated LS without SCC (p=0.018) (Figure 18b) with LS
adjacent to SCC demonstrating increased p53 expression. However when compared to
the overall LS described in Chapter 3 there was no statistical significance (p=0.24).
p53 staining in LS was demonstrated in basal/parabasal cells whether adjacent to SCC
or not.

Ki67: There was increased proliferation demonstrated between LS adjacent to SCC
and LS not adjacent with SCC (overall LS described in Chapter3), this was found to
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be statistically significantly different (p=0.016) (Figures 19a & 26c) but with no
change in the staining pattern between the two. This was also demonstrated when
compared to LS untreated with topical corticosteroids, with LS adjacent to SCC
demonstrating increased proliferation (p=0.0009).

p53 and Ki67: When examining p53 over expression and Ki67 expression there was a
statistically significant difference demonstrated when comparing negative p53 and
Ki67 expression with LS adjacent to SCC demonstrating increased Ki67 expression
compared to the overall score o f LS not adjacent to SCC (p=0.017). Indicating that LS
adjacent to SCC has increased proliferation rates even if p53 is negative.

Mdm-2: There was no statistical significant difference demonstrated between LS
adjacent to SCC and LS not adjacent to SCC (overall LS described in Chapter3).

p21

There was no statistical significant difference between LS adjacent to

SCC and LS not adjacent to SCC in both the untreated LS group and the overall LS
group for

p 53

andp21

There was a statistically significant difference demonstrated

between LS adjacent to SCC and LS not adjacent to SCC when comparing both
positive expression o f p53 and p21

(p=0.03).

Cvclin D l : There was no statistical significant difference demonstrated between LS
adjacent to SCC and LS not adjacent to SCC whether untreated or the overall score for
LS.

pRb: Again there was no statistical significant difference demonstrated between the
groups.

Cvclin D l andpR b: There was no statistical significance when comparing any o f the
groups.

Bax and Bcl-2: A statistical significant difference was demonstrated between LS
adjacent to SCC and LS not adjacent to SCC (overall LS) for Bcl-2 (p=0.0001) and in
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the untreated LS group (p=0.0001) with LS not adjacent to SCC demonstrating
increased abnormal Bcl-2 expression. There was no statistical significant difference
between the groups and Bax expression.

4.4. ii. Discussion;
LS adjacent to SCC was shown to have double the Ki67 proliferation rate when
compared to overall LS which was not adjacent to SCC (p=0.016). Scurry et al (1998)
did not find the same result in their work they showed no difference in Ki67 staining
pattern or proliferation rates between LS adjacent to SCC and LS not adjacent to SCC.
Scurry et al (1998) however did use a different commercially available antibody and
different methodology. The group did not specify whether the non-adjacent LS used
had been treated with topical corticosteroids or not, Chapter 3 indicates that treatment
will influence proliferation rates. Finally, this work had greater numbers in this study
both in the LS group and in the LS adjacent to SCC.

There was also a statistically significant difference demonstrated when comparing LS
adjacent to SCC and untreated LS not adjacent to SCC for p53 over expression,
however, this was not demonstrated when comparing the overall result for LS not
adjacent to SCC. This could indicate that the pathogenesis o f LS itself does not
involve the over expression o f p53, where as p53 is over expressed in LS either treated
with corticosteroids (discussed in Chapter 3), LS adjacent to SCC (as discussed in this
chapter) or in LS which in the future have the potential to become malignant (Chapter
8 ).

A statistically significant difference was also demonstrated between the two LS
groups and the abnormal expression o f p53 (i.e. over expression) and
expression. This demonstrated that LS adjacent to SCC showed expression o f both
proteins (38.9%), compared to LS (12.8%), indicating that if the p53 is stabilised
through mutations, as may be expected by the over expression o f the protein,
p2 1

is activated independently o f p53 in LS adjacent to SCC.
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4.4. iii. Adjacent VIN compared to VIN, not adjacent to SCC:
The incidence o f VIN has doubled from 1.1 to 2.1 per 100,000 women over the last
twenty years (Sturgeon et al, 1992). To date there has been little consensus on the
optimal management. The advised international standard treatment for VIN III is
surgical excision for all visible lesions, to exclude occult invasive disease (Kauhnan,
1995). However, 80% o f patients with VIN III present with multifocal disease.

p53: Staining was identified throughout the epidermis in VIN adjacent to SCC in 57%
o f cases compared to none o f the VIN not adjacent to SCC (p=0.002) (Figure 25b).

Ki67: Staining was seen throughout the epidermis o f VIN both adjacent to SCC and
not adjacent to SCC. There was no statistical difference between the Ki67 score for
both lesions.

p2 1

p 2 l wafl/cipi

gggjj throughout the epidermis and was demonstrated in

the majority o f VIN lesions adjacent to SCC. A statistically significant difference was
demonstrated when compared to VIN not adjacent to SCC and VIN adjacent to SCC
(p=0.04) (Figure 27a).

Cvclin D l : Cyclin D l staining was not identified in any VIN III not adjacent to SCC
cases, but was identified in 14.3% o f adjacent VIN (p=0.4S) throughout the
epidermis.

pR b: 35.7% o f VIN adjacent to SCC showed abnormal or loss o f pRb compared to
38% o f VIN I I I . Staining when present was identified in proliferating cells and
lymphocytes.

There was no statistical significant difference when comparing proteins together.

4.4. iii. Discussion:
There was a statistically significant difference demonstrated between VIN adjacent to
SCC and VIN not adjacent to SCC for p53 over expression. Others have also studied
VIN and p53 expression; Kohlberger et al (1998) looked at VIN not adjacent to SCC
and found, like this work no expression o f p53. However, Milde Langosch et al (1995)
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also like this work found that VIN adjacent to SCC over expressed p53 in lesions in
which the SCC was shown to overexpress p53. This was also demonstrated by Ngan
et al (1999) and Pilotti et al (1995) who looked at both HPV status and p53 expression
o f the lesions in both YIN adjacent to SCC and the corresponding SCC and found
over expression o f p53 in approximately 35% o f their cases. p21

is thought to

be down regulated with the inactivation o f p53 by viral oncoproteins; this did not
appear to be the case in VIN in this work.

Other authors have studied the role o f Ki67 in VIN III and progression to SCC.
Modesitt et al (2000) examined the staining pattern o f VIN III and VIN III adjacent to
SCC and found that the pattern o f Ki67 staining was not a useful marker for occult
cancer. However, other authors (van Beurden et al, 1999) have demonstrated that
Ki67 is a useful marker in identifying between VIN II and VIN III. This work
indicates that VIN III not adjacent to SCC has a higher proliferation rate compared to
that adjacent to SCC.

The low expression o f cyclin D l in VIN adjacent to SCC and non-adjacent VIN may
be due to the effect of HPV; as previously discussed, D-type cyclins are able to bind
to pRb through an N-terminal LXCXE motif. This LXCXE m otif is also common in
HPV-E7 oncoproteins, which may bind to pRb and release E2F, the factor that permits
progression through to the S phase o f the cell cycle (Donnellan & Chetty, 1998). Since
HPV is found in the majority o f VIN lesions, this would correlate with the
deregulation o f pRb rather than increased expression o f cyclin D l. Both VEST adjacent
to SCC and VIN not adjacent showed up to 50% abnormal expression o f pRb.
However, even in those lesions which were IHC positive we cannot exclude
alterations in pRb, since the antibody used does not distinguish phosphorylation status
or point mutations (Bartek et al, 1992).

These data suggest that p53 is a valuable marker o f malignancy in VIN and is
therefore a marker o f prognosis. These data have indicated that whatever the reason
for the over expression o f p53, i.e. mutation or stabilisation o f the protein it results in
loss o f cell cycle control demonstrated by the increase in proliferation in these lesions.
Similar data have also been demonstrated in this work in certain cases o f NNEDV
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(Rolfe et al, 2001; Chapter 8 ) and therefore p53 with increased proliferation is a
valuable marker for prognosis in pre-malignant vulval disease.

4.5 HETEROGENEOUS STAINING:
The majority o f adjacent lesions showed the same expression as the adjacent SCC.
This was true for all markers with p21

showing the most variability between

SCC and the adjacent lesions (when taking <10% as negative and the rest o f the
staining as positive). Some adjacent lesions were found not to show the same staining
patterns as their associated SCC and this has also been described by others (Betticher
et al, 1997). A possible explanation for this includes multiple separate neoplasia
initiating events (Betticher et al, 1997) or a single initiating event followed by later
independent genetic changes in the dispersal progeny o f the cell (Sirdansky, 1998).

When comparing blocks for the same patients Table XIII demonstrates the difference
expressed between lesion and proteins. A number o f differences were demonstrated
between blocks from different procedures; this could be because o f different fixation
times or because the surgery took different areas, i.e. a vulvectomy which no longer
showed the SCC just the adjacent lesion, showed different p53 staining between the
adjacent lesions (patient number 133). For blocks taken at the same surgery, showing
different protein expression, the likely difference could be that cancers are
heterogeneous and different areas can express different proteins through internal
changes o f the cancer resulting from genomic instability allowing a single clone o f
cells to develop changes within the population.

4.6 CONCLUSION:
There are a number o f cell cycle markers, which are adversely expressed in SCC
e.g.p53 and Ki67, which also correlate with clinicopathological parameters. These cell
cycle markers can also found to be abnormally expressed in lesions adjacent to SCC
indicating that some o f these cell cycle changes occur prior to invasion and in the case
o f normal vulval epidermis adjacent to SCC can occur prior to any histological
change.
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4.7 Future work:
To assess the role o f other cell cycle proteins e.g. cdk4/6 and p i 9

in SCC. As

discussed in Chapter 3 to review other antibodies for protein expression and to assess
how such cell cycle proteins and the cell cycle proteins in this chapter are abnormally
expressed i.e. through amplification, mutation or deletion.
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Protein
p53

SH
VIN
N adjacent
N
0% (0/16)
37.5% (6/16) 57.1% (8/14) 0% (0/6)
p*=0.13
p*=0.042
p+=0.066
p+=0.0005
Ki67 mean
16.3+12.2
16.7+18.1
3.43+3.0
20.7+19.5
staining
p*=0.68
p*=0.67
p=*0.13
index and ±
p+=0.0003
p+=0.0033
p 2 jwafl/cipl
0% (0/8)
63.6% (7/11) 58.3% (7/12) 66.6% (4/6)
p*=1.0
p*=1.0
p*=0.015
p+=0.013
p+=0.015
Cyclin D l
37.5%
33.3% (5/15) 14.3% (2/14) 0% (0/6)
p*=0.26
p*=1.0
(3/8)
p+=1.0
p+=0.3
p*=0.2
35.7% (5/14) 33% (2/6)
25% (2/8)
60% (9/15)
pRb
p*=0.36
p*=1.0
p*=1.0
p+=0.19
p+=1.0
84.6%
50% (4/8)
80% (4/5)
100% (0/8)
(11/13)
p*=1.0
p*=0.38
p*=1.0
p*=0.08
p*=0.56
Bcl-2
2.9% (1/34)
18.2% (2/11)
12.5% (1/8)
100% (3/3)
37.5%
9% (1/11)
p*=0.0005
p*=0.02
p*=0.017
p*=0.01
(3/8)
p+=0.017
p+=0.3
P+-0.29
p+=0.26
p*=0.18
Bax
64.7% (22/34)
84.6% (11/13)
12.5%
75%
45.5% (5/11) 100% (3/3)
(6/8)
(1/8)
p*=0.5
p*=1.0
p*=1.0
p*=0.2
p+=0.014
p+=0.002
p+=0.04
p*=0.02
p+=0.17
*=p value for lesion compared to adjacent normal epidermis; +=p value for lesion compared to normal epidermis
not adjacent to SCC.
SCC
69% (47/68)
p*=0.0016
p+=0.000002
24.1+21.0
p*= 0.37
p+=0.0001
83.3% (40/48)
p*=0.3
p+=0.000009
54.5% (36/66)
p*=0.02
p+=0.46
32.3% (21/65)
p*=1.0
p+=0.7
81.4% (35/43)

LS
52% (13/25)
p*=0.027
p+=0.016
15.8+16.5
p*=0.92
p+=0.0001
77.8% (14/18)
p*=0.6
p+=0.0003
47.8% (11/23)
p*=0.057
p+=0.69
34.7% (8/23)
p*=1.0
p+=1.0
94.7% (18/19)

Table XIa: Lnmunohistochemistry results for proteins with SCC and adjacent lesions.
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Protein
p53 + Ki67
mean and ±
p 5 3 -K i6 7
mean and ±
p53+ p21+

SCC
29.5+21.9

LS
16.5+11.1

SH
15.0+16.3

VIN
27.5+19.8

N adjacent*
0

N
0

13.0+14.0
p+=0.0002
54.2% (26/48)

16.7+18.1

2.5+2.7
p=*0.12
0% (0/8)

p53-p21+

15.0+8.1
p=1.0
36.4%
(4/11)
p*=0.23
p=0.1
27.3%
(3/11)
p*=0.16
p=0.37
533%
(8/15)
p*=0.63
p=0.085

13.5+17.7
p=0.18
16.6% (2/12)

p*=0.02
p+=0.005
29.2% (14/48)

16.8+21.5
p=0.95
38.9%
(7/18)
p*=0.13
p+=0.06
38.9%
(7/18)
p*=0.35
p+=0.68
47.8%
(11/23)
p*=0.66
p+=0.1
94.7%
(18/19)
p*=0.38

91.7%
(11/12)
p*=0.5

Abnormal
cyclin
D l/or
abnormal
pRb

p*=0.08
p=0.25
57.8% (37/64)
p*=0.39
p+=0.023
81.8% (36/44)

and/or
abnormal
pRb
Bcl-2 :Bax

p*=1.0

0% (0/6)

p*=0.5
p+=0.49
41.6% (5/12)
p*=1.0
p+=1.0

66.7% (4/6)

50% (7/14)

33% (2/6)

p*=0.6
p+=0.17
71.4% (5/7)

50%
(4/8)
p*=0.56
12.5%
(1/8)
p*=0.5

80% (4/5)

p*=1.0

64.7%(22/34)
p*=0.05
p+=0.2

54.5%
100% (3/3)
37.5%
76.9%
38.5%
(10/13)
(6/11)
(5/13)
P#)
p*=1.0
p*=0.2
p*=0.2
p*=0.18
p+=0.16
p+=1.0
p+=0.6
*=p value for lesion compared to adjacent normal epidermis; +=p value for lesion compared to normal epidermis
not adjacent to SCC.

Table Xlb; Immunohistochemistry results for combination of proteins SCC and adjacent
lesions.

183

Stage 1

Stage 2

Stage 3

Stage 4

Recurrence

Primary

p53

75%
(21/28)

50% (4/8)

100%
(1/1)
p=1.0

71% (10/14)

68.5% (37/68)

Ki67
staining
index and ±

20.2 ±19.5

64.7%
(11/17)
p=0.5
29.7+22.9
p=0.16

29.6±25.7

p=0.38
23.4+20.6
p=0.41

p 2 jwall/cipl

85.7%
(12/14)
33% (8/24)

pRb

Cyclin D l

61.5%
(16/26)

Bcl-2

7.7%
(1/13)
61.5%
(8/13)

Bax

p l6 ^ w

80% (8/10)
p=1.0
35% (6/17)
p=0.8
47% (8/17)
p=0.34
0% (0/8)
62.5%
(5/8)
p=1.0

p==0.2
20.9±20.3
p=0.93
75% (3/4)
p=1.0
62.5%
(5Æ)
p=0.2
37.5%
(3/8)
p=0.4
0% (0/4)
75% (3/4)
p=1.0

77.8% (7/9)
100%
(1/1)
p=0.4
100%
(1/1)
p=1.0

14% (2/14)

82.1% (23/28)
p=1.0
40% (20/50)

57.1% (8/14)

p=0.1
53.8% (28/52)

0%

p=0.8
0%

77.7% (7/9)

64% (13/23)
p=0.4

92.3%
80% (4/5)
63.6% (7/11)
86.7% (26/30)
(12/12)
p=0.17
p=0.59
p=1.0
Stage 1 was compared to stage 2, stage 3 and stage 4 separately and p value given. Primary cancers where
compared with recurrences and a p value given.
83.3%
(10/12)

Table XIc: IHC proteins in correlation to stage.
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Stage 1

Stage 2

Stage 3

Recurrence

Primary

p53+ and
Ki67 mean
and ±
p53-and
Ki67 mean
and ±
p53+p21+

21.3±18

40.9±25.28
p=0.039

28.75+24.6
p=0.61

35.0+25.8

29.4+22.3
p=0.51

10.0+9.0

15.7±17.6
p=0.49

8.0+14.4
p=0.87

6.7+25.8

57.1%
(8/14)
p=0.2
28.7%
(4/14)
p=0.36
58.8%
(10/17)
p=0.9

33.3% (2/6)

45.4% (5/11)

p=0.16
50% (3/6)

36.4% (4/11)

11.56+13.9
9
p=0.22
59.5%
(22/37)
p=0.4 9
24.3%
(9/37)
p=0.2
60%
(30/50)

70.5%
(12/17)

p53-p21+

11.8%
(2/17)

Stage 4

p=0.08
0% (0/1)
57.1% (8/14)
75% (6/8)
Abnormal
583%
cyclin D l or (14/24)
p=0.67
abnormal
p=0.8
pRb
84.8%
78.6%
92.3%
72.7% (8/11)
Abnormal
83.3% (5/6)
(28/33)
(11/14)
(12/13)
pl6^^^
p=0.39
and/or
p=0.59
p=1.0
abnormal
pRb
Stage 1 was compared to stage 2, stage 3 and stage 4 separately and p value given. Primary cancers where
compared with recurrences and a p value given.

Table Xld: Combination of proteins and stage of SCC.
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Well differentiated

Moderately
differentiated

Poorly
differentiated

p53

44.7% (21/47)

Ki67 staining index
and±

23.75+ 19.3

p 2 j^watl/cipl

83.8% (26/31)

pRb

31.8% (14/44)

Cyclin D l

53.3% (24/45)

Bcl-2

0%

82.3% (14/17)
p=0.025
28.1 ± 2 5 .8
p=0.54
84.6% (11/13)
p=1.0
23.5% (4/17)
p=0.7
64.7% (11/17)
p=0.4
0%

0% (0/3)
p=0.2
4.0 ± 3 .6
p=0.00001
100% (3/3)
p=1.0
100% (3/3)
p=0.04
0% (0/3)
p=0.2
0%

Bax

62.5% (15/24)

75% (6/8)
0% (0/1)
p=0.4
p=0.68
85.7% (24/28)
66.7% (8/12)
100% (3/3)
p l6^ ^ '
p=0.2
p=1.0
Well-differentiated SCCs were compared with moderately differentiated and poorly differentiated separately and a
p value given.

Table Xle: IHC for proteins in correlation to differentiation (grade).

Well
differentiated
p53+ and Ki67 mean
and ±
p53- and Ki67 mean
and ±
p53+p21+

Moderately
differentiated

Poorly
differentiated

36.3±24.1
5±
p=0.28
13.0±13.7
3.0±2.9
2.5±3.5
p=0.026
p=0.046
60% (15/25)
66.7% (6/9)
0
p=1.0
p=0.18
24% (6/25)
100% (2/2)
p53- p21+
11% (1/9)
p=0.64
p=0.079
Abnormal cyclin D l or
56.8% (25/44)
47% (8/17)
66.7% (2/3)
p=0.49
p=1.0
pRb
Abnormal p i 6^^ ^
85.7% (24/28)
61.5% (8/113)
100% (3/3)
and/or abnormal pRb
p= 0.11
p=1.0
Bcl-2:Bax
66.7% (16/24)
0% (0/1
75% (6/8)
p=1.0
p=0.36
Well-differentiated SCCs were compared with moderately differentiated and poorly differentiated separately and a
p value given.
28.0±20.9

Table XI f: Combination of proteins and grade.
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< 1mm

> lm m

< 2cm

>2cm

69.6% (16/23)

69% (27/39)

65.6% (21/32)

53.6% (15/28)

p=0.79
Ki67 staining index 22.6 ±21.6
24.7 ±21.3
23.4 ± 2 3 .6
and ±
p=0.7
p 2 jwall/cipl
76.9% (10/13)
87.1% (27/31)
85% (17/20)
p=0.4
30% (6/20)
38.5% (15/39)
pRb
34.5% (10/29)
p=0.5
52.4% (11/21)
Cyclin D l
61.5% (24/39)
60% (18/30)
p=0.49
10% (1/10)
0% (0/19)
6.7% (1/15)
Bob
p=0.3
70% (7/10)
66.7% (10/15)
Bax
68.4% (13/19)
p=1.0
83.3% (10/12)
plô^*"^
84.6% (22/26)
70.6% (12/17)
p=1.0
p value given for comparing depth and protein expression and size of lesion.

p=0.5
24.7 ± 18.5
p=0.81
81.8% (18/22)
p=1.0
35.7% (10/28)
p=0.9
50% (14/28)
p=0.4
0% (0/13)
p=1.0
69.2% (9/13)
p=1.0
90% (18/20)
p=0.4

p53

Table Xlg: Table for protein expression in relation to diameter o f lesion and depth.

< 1mm

>lm m

< 2cm

>2cm

P53+ and Ki67
mean and ±
P53- Ki67 mean
and ±
P53-p21±

25.0±19.0

31.1±23.7

P53±p21+

53.8% (7/13)

Abnormal cyclin
D l orpRb
Abnormal p i 6
and /or
abnormal pRb
Bcl-2 :Bax

60% (12/20)

32.9±23.4
p=0.26
8.1±9.0
p=0.36
29% (9/31)
p=1.0
58% (18/31)
p=0.9
82.1% (23/28)
p=0.089
85.1% (23/27)

33.1±20.0
p=0.78
14.5±15.7
p=0.28
36.4% (8/22)
p=0.4
45.5% (10/22)
p=0.3
67.8% (19/28)
p=0.3
90% (18/20)

15.0±17.0
23.1% (3/13)

92.3% (12/13)

8.2±9.0
20% (4/20)
65% (13/20)
55.2% (16/29)
82.3% (14/17)

p=1.0
68.4% 913/19)
73.3% (11/15)
p=0.67
p value given for comparing depth and protein expression and size of lesion.
80% (8/10)

p=0.64
69.2% (9/13)
p=1.0

Table XDi: Combination o f proteins for depth o f invasion and size o f lesion.
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Vascular/lymphatic invasion

Lymph node métastasés

Yes

No

Yes

No

p53

60% (6/10)

70.6% (41/58)
p=0.48

71% (5/7)

60.1% (14/23)
p=1.0

Ki67 staining
index and ±

23.3 ± 2 5 .2

25.3 ± 2 1 .3
p=0.81

20.3 ± 16.5

22.3 ± 22.5
p=0.8

p2 jwafl/cipl

87.5% (7/8)

82.5% (33/40)
p=1.0

100% (4/4)

86.7% (13/15)
p=1.0

pRb

40% (4/10)

30.9% (17/55)
p=0.7

57% (4/7)

47.8% (11/23)
p=1.0

Cyclin D l

40% (4/10)

51.7% (29/56)
p=0.49

28.6% (2/7)

52.2% (12/23)
p=0.39

pl6^^^"

71.4% (5/7)

77.8% (28/36)
p=0.66

100% (4/4)

87% (13/15)
p=1.0

Bcl-2

0 (0/4)

3.3% (1/30)
p=1.0

0% (0/4)

0% (0/11)

Bax

75% (3/4)

66.7% (20/30)
p=1.0

50% (2/4)

72.7% (8/11)
p=0.56

Table Xli: Protein expression for vascular/lymphatic invasion and lymphatic node
métastasés.

Vascular/lymphatic invasion

Lymph node métastasés

Yes

No

Yes

No

p53+ Ki67 mean

43.3±22.7

35.0±21.0

p53- Ki67 mean

1.67±2.9

27.7±23.0
p=0.097
8.7±16.8

p53+ p21+

62.5% (5/8)

p53-p21+

25% (2/8)

Abnormal cyclin
D l or abnormal
pRb
Bcl-2 :Bax

60% (6/10)

26.8±22.0
p=0.15
11.9±13.1
p=0.014
57.5% (23/40)
p=1.0
25% (10/40)
p=1.0
56.4% (31/55)
p^l.O
70% (21/30)
p=1.0

50% (2/4)

75% (3/4)

0±
75% (3/4)
25% (1/4)
57.1% (4/7)

50% (8/16)
p=0.59
31.3% (5/16)
p=1.0
62.5% (15/24)
p=1.0
72.7% (8/11)
p=0.56

Table XI j: Protein combinations for vascular/lymphatic invaison and lymphatic node
métastasés.
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SCC
Stage 1

Localised

Diffuse

Both

70% (40/57)

23% (13/57)

7% (4/57)

p=0.000001

p=0.0000001

13.6% (3/22)

9% (2/22)

p=0.00008

p=0.00002

35.3% (6/17)
p=0.3

5.9% (1/17)
p=0.003

33.3% (4/12)
p=0.4
19% (8/41)

p=0.027

p=0.0000004

p=0.0000001

25% (3/12)
p=0.66

77% (17/22)

Stage 2

58.8% (10/17)

Stage 3

100% (5/5)

Recurrence

58.3 (7/12)

Well-differentiated

78% (32/41)

8.3% (1/12)
25% (1/41)

Moderately
differentiated

41.7% (5/12)

33.3% (4/12)
p=1.0

Poorly differentiated

50% (1/2)

< lm m

70% (14/20)

50% (1/2)
p=1.0
25% (5/20)

5% (1/20)

p=0.011

p=0.00008

>lm m
<2cm
>2cm

71% (22/31)

22.5% (7/31)

6.5% (2/31)

p=0.0003

p=0.0000007

74.1% (20/27)

11.1% (3/27)

14.8% (4/27)
p=0.000039

53.6% (15/28)

p=0.00001
28.6% (8/28)

Vascular/lymph
invasion - yes

40% (2/5)

Vascular/lymph
invasion- no

77.6% (38/49)

Lymph node
métastasés- yes

75% (4/5)

lyinph node
metastases-no

81.3% (13/16)

p=0.1
60%(3/5)
p=1.0

0%
0%

14.3% (7/49)

8% (4/49)

p=0.0000001

p=0.0000001

25% (1/5)
p=0.2

0%

18.7% (3/16)

0%

p=0.001

Table Xlk: Ki67 patterns in relation to clinicopathological parameters.
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p2][wan/dpl

SCC

LS

VIN

SH

Normal

Normal

adjacent
<10%

11-50%

51-100%

16.6%
(8/48)
p*=0.3
p+=0.00001
54.2%
(26/48)
p*=0.68
p+=0.005
29.2%
(14/48)
p*=0.3
p+=0.18

22.2%
(4/18)
p*=0.12
p+=0.00001
61.1%
(11/18)
p*=1.0
p+=0.007
16.6%
(3/18)
p*=0.5
p+=0.5

27.2%
(3/11)
p*=1.0
p+=0.003
54.5%
(6/11)
p*=1.0
p+=0.018
9% (1/11)

41.7%
(5/12)
p*=1.0
p+=0.014
50% (6/12)

p*=1.0
p+=1.0

p*=1.0
p+=1.0

p*=0.6
p+=0.04
8.3% (1/12)

33.3% (2/6)

100% (8/8)
p*=0.014

66.6% (4/6)

0%
p*=0.014

0%

0%

*=p value compared to normal adjacent to SCC; +=p value when compared to normal epidermis

Table XII: Immunohistochemical results for p21
for SCC, adjacent lesions and
normal adjacent and normal epidermis not associated with SCC.
p2]^watl/cipl

Stage 1

Stage 2

Stage 3

<10%

14.3%
(2/14)

20% (2/10)

11-50%

57.1%
(8/14)

51-100%

28.6%
(4/14)

Stage 4

Recurrence

Primary

25% (1/4)

22.2% (2/9)

p=1.0
30% (3/10)

p=1.0
75% (3/4)

44.4% (4/9)

p=0.24
50% (5/10)

p=1.0
0%

33.3% (3/9)

17.8%
(5/28)
p=1.0
50%
(14/28)
p=1.0
32.1%
(9/28)
p=1.0

p=0.4

Table Xlm: IHC for p21
p 2 j^wan/cipl

for stage.

Grade 1

Grade 2

Grade 3

<10%

16.1% (5/31)

11-50%

58.1% (18/31)

51-100%

25.8% (8/31)

15.4% (2/13)
p=1.0
38.5% (5/13)
p=0.3
46.1% (6/13)
p=0.28

0% (0/3)
p=1.0
66.6% (2/3)
p=1.0
33.3% (1/3)
p=1.0

Table XIn: IHC for p21 ^

p2|Wan/cipl

<10%

<1
23.1% (3/13)

11-50%

53.8% (7/13)

51-100%

23.1% (3/13)

Table XIo: IHC 'or p 2 1

in correlation to differentiation (grade).

>1
12.9% (4/31)
p=0.4
54.8% (17/31)
p=0.78
32.3% (10/31)
p=0.7

<2
15% (3/20)
60% (12/20)
25% (5/20)

>2
18.2% (4/22)
p=1.0
50% (11/22)
p=0.7
31.8% (7/22)
p=0.8

in correlation to depth and size.
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p2J[ watl/cipl

Vascular/lymphatic invasion

Lymph node métastasés

Yes

No

Yes

No

<10%

12.5% (1/8)

0% (0/4)

11-50%

75% (6/8)

51-100%

12.5% (1/8)

17.5% (7/40)
p=1.0
47.5% (19/40)
p=0.24
35% (14/40)
p=0.4

13.3% (2/15)
p=1.0
53.3% (8/15)
p=0.24
33.3% (5/15)
p=0.5

100% (4/4)
0% (0/4)

métastasés.
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LS
adjacent
to SCC

LS overall
(not
adjacent)

VIN
adjacent
to SCC

YIN
(not
adjacent)

Normal
epidermis
adjacent to
SCC
0%

Normal
vulval tissue

p53

52%
(13/25)

36% (26/72)

57.1%
(8/14)

0% (0/13)

Ki67 mean
index and

15.8±16.5

p=0.24
7.05+9.9
p=0.016

20.7+19.5

p=0.002
24.3+16
p=0.87

16.7+18.1

2.5±2.7
p=0.12

77.8%
(14/18)

56% (22/39)
p=0.2

58.3%
(7/12)

15% (2/13)

67% (4/6)

0% (0/8)

pRb

34.7%
(8/23)

35.7%
(5/14)

Cyclin D l

54.5%
(36/66)
0%

48.9%
(23/47)
p=0.47
47% (24/41)
p=0.8
48.9%
(24/44)
p=0.0001
64.4%
(29/45)
p=0.97
6.8% (3/44)

p=0.04
38% (5/13)

33% (2/6)

p=0.014
25% (2/8)

0%

±

p2iwatl/cipl

Bcl-2
Bax

66.7%
(22/33)

14.3%
(2/14)
10% (1/10)

p==1.0
0% (0/13)
p=0.48

50% (5/10)

100% (6/6)

p=1.0
37.5% (3/8)
p=0.2
37.5% (3/8)

100% (6/6)

p=0.03
0% (0/8)

0% (0/6)

p=0.0001

0%
0%
0%
0%
0%
Mdm-2
Table Xlq: Protein expression comparing lesions adjacent to SCC and those not

associated with SCC.

p 5 3 + K i67
m ean and +
p 5 3 - K i6 7
m ean and ±
p 53-p 21+

LS
adjacent
to SCC

LS overall
(not
adjacent)

VIN
adjacent to
SCC

VIN
(not
adjacent )

16.5+11.1

11.9+13.3
p=0.21

27.5±19.8

0

16.8+21.5

4.46+6.25
p=0.017

13.5+17.7

38.9%
(7/18)

43.7%
(17/39)
p=0.9
12.8%
(5/39)
p=0.03
53%
(25/47)
p=0.86

41.6%
(5/12)

p5 3 + p 2 1 +

38.9
(7/18)

Abnorm al
cy clin D l/o r
abnormal
pRb
B cl-2: B ax

47.8%
(11/23)

76.9%
(10/13)

16.6%
(2/12)
50% (7/14)

54.5%
(6/11)

Normal
epidermis
adjacent to
SCC
0

Normal
vulval
tissue

24.3+16.0
p=0.33

19.1+19.0

2.5±2.7
p=0.13

84.6%
(11/13)
p=0.16
0%

66.7% (4/6)

50% (4/8)
p=0.56

0%

0%

33% (2/6)

12.5% (1/8)

p=0.2
38.5%
(5/13)
p=0.89

0

p=0.53
100% (3/3)

37.5% (3/8)
p=0.18

Table XIr: Combination o f proteins for lesions.
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Protein

Author

Materials and method

Results

p53, Mdm2 and Bcl2

Pilotti et al, 1995

p53 and HPV
p53

Milde-Langosch et al,
1995
Kagie et al, 1997a

p53

Scheistroen et al, 1999

p53

McConnell et al, 1997

p53 and HPV

Tervahauta et al, 1993

SCC. Antibodies used were MAb (p53:
D 07; Mdm2; IF2; Bcl2 : 124) and PAb
(p53: CM l). >10% counted as positive
SCC and adjacent lesions
Different MAb antibody
SCC and adjacent lesions VIN, LS, SH,
normal. Plus normal controls. MAb D 07.
Different concentration and incubation
>10% counted as positive
SCC (large number 167)
MAb (D O l) and PAb (CM l)
>5% were seen as overexpression
SCC with adjacent lesions: normal
epidermis, LS, SH, VIN. MAb antibody
(D 07)
SCC and one VIN. Frozen tissue.
Different MAb. Scored on intensity.

Carcinoma in situ and stase 1 -neeative for p53 Group 2 -64%
positive p53 (no métastasés).87.5% positive p53 with métastasés,
no Mdm2.
50% SCC showed overexpression ofp53. 16.7% VIN showed
overexpression o f p53. 40% LS showed overexpression o f p53.
53% SCC showed positivity o f p53
27% LS. 14% SH. 49% VIN. 13% adiacent normal enidermis. 0% in
control tissue. No relationship between expression o f p53 and disease
free survival
55% SCC showed overexpression
Did not correlate with clinicopathological parameters. Reduced
survival after 5 years.
68% SCC, 0% adjacent normal epidermis. Positive staining in VIN and
LS. Positive staining did not predict recurrence, but did appear to be
associated with shorter survival and was correlated with grade.
87.5% o f the SCC positive for p53 VIN also positive.

p53 and HPV

Pilotti et al, 1995

p53 negative in IHC.

p53

Ngan et al, 1999

Verrucous carcinoma. MAb (D 07) and
PAb (CM l).
SCC. MAb (1801 and D 07) PAb (CM l).

p53

Kohlberger et al, 1995

p53 and Mdm2

Emanuels et al, 1999

p53 and HPV

Pilotti et al, 1993

p53, HPV and pRb

Lerma et al, 1999

SCC. MAb (BP53). Control normal skin.
SCC, lymphatic nodes and adjacent VIN
and normal epidermis. MAb antibodies
(p53: BP53-12; Mdm2 A bl). Scoring was
based on intensity
SCC and VIN. MAb (D 07) and PAb
(CM l).
SCC, VIN and LS. PAb for p53 (Ab
1801); pRb from Oncogene. pRb counted
as abnormal when >90% were negative.
Image analysis for ploidy.

46% SCC positive p53. HPV positive lesions p53 was overexpressed in
39% and in HPV negative lesions p53 was overexpressed by 52%
0% control; 48% SCC found to overexpress p53
p53 overexpression correlated with poorer overall survival.
39% SCC positive for p53, 56% Ivmph nodes. 21% VIN and 0%
adiacent normal epidermis. No relationship with p53 and métastasés.
Mdm2 expression in 14% SCC, 25% normal, 36% VIN and 0%
métastasés.
No cases VIN showed p53 overexpression
77.7% SCC showed p53 overexpression
56% SCC overexpression o f p53. 21.4% showed abnormal pRb. 72%
SCC aneuploid. 80% VIN aneuploid, LS all diploid, negative for p53
and all showed normal expression for pRb.
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pRb a n d p l6

Chan et al, 1998

Ki67

Modesitt et al, 2000

Ki67

Hendricks et al, 1994

Ki67

Hantschmann et al,
2000

Ki67

Scurry et al, 1998

Cyclin D l

Kurzrock et al, 1995

Benign skin lesions: SH, condylomata
Neoplastic: VIN and SCC. MAb
antibodies (pl6: 13381A; pRb: Rb-5)
percentage calculated- negative staining
abnormal.
SCC, YIN adjacent to SCC, VIN. MAb
(MIB-1) .Assessed staining patterns.
SCC. MAb (MIB-1). Different
methodology. Image analysis- staining was
expressed as the percentage o f nuclei.
Total nuclear area measured.
SCC. MAb (MIB-1). Pattern was analysed,
positive nuclei were counted in 200 cells
and the percentage calculated by n/2, these
were classified as proliferative indices
<10%, 11 to 50%, >50%.
LS adjacent to SCC, LS not adjacent and
LS both thick and thin epidermis. Non
genital control tissue. Other vulval
diseases. MAb (M IBl). Any nuclear
reactivity was counted as positivereactivity pattern was noted. Number of
cells per 100 basal, parabasal, mid, upper
or diffuse epidermal staining was counted.
3 vulval cancer cell lines. Southern and
Northern blotting

All benign lesions showed pRb staining. 86% o f benign lesions showed
p i 6 staining.
60% VIN showed undetectable p i 6 and pRb. 63% SCC were p l6
negative. 32% SCC pRb negative. 72% SCC showed either
undetectable p i 6 and/or pRb.
All VIN showed diffuse staining. All VIN and SCC showed diffuse
staining. 65% SCC showed a localised with 35% a diffuse pattern.
Diffuse staining pattern correlated with poorly differentiated tumours.
Diffuse and localised pattern. An association found between shorter
survival time and diffuse pattern. No relationship found with median
positive nuclear area and survival.
Three staining patterns- diffuse, infiltrating, localised. Percentage did
not correlate with clinicopathologial parameters. Tumours with diffuse
and infiltrating forms o f SCC appeared to have more frequent lymph
node métastasés and shorter disease free survival.
Normal skin Ki67 expressed in the main parabasal cell nuclei. VIN
diffuse pattern.
LS not adiacent to SCC resembled staining o f normal skin, exception
that the basal layer tended to stain relatively more than parabasal layer.
LS adiacent SCC same pattern o f basal and parabasal staining. Area of
hyperplasias showed same reactivity as normal skin.
SCC two patterns - localised and diffuse
mRNA overexpression in all vulval cell lines 2 showed amplification
o f genomic sequence

Table XII: Immunohistochemical results from other authors showing methodology, tissue and results (other techniques e.g. p53 mutations and
HPV analysis will be shown in tables in those chapters.
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SCC

p53
Ki67
(a difference
of 5%
between
blocks)
Cyclin D l

pRb

pZfW an/cipl

(a difference
of 5%
between
blocks)

Bcl-2

Patient
No. 33
Patients
Nos.
103,115,
128,135,
131
Patient
Nos. 103,
130, 131.
Patients
Nos. 104,
1 1 1 , 126,
130, 135.
Patient
Nos. I l l ,
131

LS
adjacent to
SCC
Patients Nos.
115,118,133
Patients Nos.
122, 139,
111,115

SH
adjacent to
SCC
Patient nos.
126 and 33

VIN
adjacent to
SCC

N adjacent
to SCC

Patients Nos.
94,108

Patient Nos.
130,133
Patient No.
126

Patient No.
Ill

Patient No.
108

Patient No
103
Patient
no.118

Bax
Table XIII: Heterogeneous staining.
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Chapter five:

HPV and cell cycle/apoptotic proteins in
VIN, VIN adjacent to SCC and SCC.
Comparison of VIN and Non-Neoplastic
Epithelial Disorders of the vulva (LS
and SH).

5.1 INTRODUCTION;
The human papillomavirus (HPV) belongs to a group o f small-unenveloped viruses
with icosahedral symmetry and a circular double-stranded DNA genome o f
approximately 8000 bp (Baker et al 1987; Pfister & Fuchs, 1987). These viruses
exhibit a high degree o f tissue epitheliotrophism for squamous epithelial cells. They
infect basal epithelial cells through the a6p4-integrin receptor (Evander et al, 1997);
however, their replication and transcription is dependent upon the differentiation
status o f the infected cell. Biosynthesis o f the late viral proteins, viral capsid
formation and virus production is restricted to the outer, terminally differentiated
cells. In stratified squamous epithelium such as skin, the DNA synthesis and cellular
proliferation o f the virus is restricted to the basal cells, hence the papillomavirus can
cause a persistent infection, since the basal cells contain stem cells (Howley, 1996).

The HPV genome consists o f areas o f open reading frames (ORFs) with protein
coding potential and a non-coding region (upstream regulatory region; URR; Figure
33). The ORFs are divided, based on the expression o f the infection, into early regions
(E1-E8) and late regions (LIand L2) and a long control region (LCR). The E regions
are necessary for viral replication and transformation, the L region codes for the
capsid protein. The URR contains the origin o f DNA replication, transcriptional
enhancer elements and promoter regions (Miinger & Heselmeyer, 1999).

To date there have been 30 genital mucosal HPV types characterised (van Ranst et al,
1992) with classification usually based on partial sequencing o f the E 6 and/or LI
region o f the virus. The main mucosal HP Vs that are classified as Tow-risk’ are HP Vs
6,11,42, 43 and 44, ‘intermediate risk’ HPVs include-31, 35, 51, and 52 and the ‘high
risk’ group includes HPV -16, and -18. HPV 16 and 18 appear to be the most
frequently found HPVs in VIN and invasive vulval carcinomas (Kim et al, 1996) with
VIN found to harbour HPV-DNA in 67% o f cases with a high prevalence o f HPV-16
(Pilotti et al, 1989).

In invasive disease (e.g. cervix) it was found that HPV-DNA sequences were often
usually integrated into the host genome. This integration o f the viral genome into the
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host genome represents a terminal event for the propagation o f the virus (Durst et al,
1985). It has been demonstrated in cervical cancer that this integration occurs prior to
clonal outgrowth o f the tumour, suggesting that viral integration is required for
malignant progression. The integration o f the HPV genome ensures the integrity o f the
viral LCR as well as the E 6 and E7 region o f the viral genome (Figure 34). The HPV
E2 ORF encodes viral regulatory factors that negatively regulate the activity o f the
promoter, which controls the transcription o f E 6 and E7 genes (Thierry & Yaniv,
1987). Therefore, there is a loss o f the E2 gene, due to integration, with expression o f
E 6 and E7 in a dysregulated manner. E 6 and E7 oncoproteins bind to the host cellular
proteins (Wemess et al, 1990). E7 binds to the product o f the retinoblastoma gene and
E 6 binds to the p53 protein, suggesting that they both have a role to play in the
disruption o f the cell cycle and potentially increased proliferation.

The aim o f this part o f the chapter was to examine the role o f HPV-16 in VIN
histologically adjacent to SCC and in SCC itself. Results were compared with nonadjacent VIN lesions and normal vulva. The interaction o f HPV -16 with cell cycle
proteins (p53, cyclin D l, pRb) were also examined. This analysis would give an
insight into the interaction between HPV -16 infection and the cell cycle regulatory
pathway in VIN and SCC.

5.2 MATERIALS AND METHODS:
5.2.i Patient details:
There were 13 patients with VIN III and 14 patients with VIN adjacent to SCC and 4
normal vulval tissue adjacent to SCC, as demonstrated in Appendices Iliii and IIv.
There were three other SCCs two with the adjacent epidermis being normal and one
with no adjacent tissue for study that were not associated or adjacent to VIN. The
mean age for the VIN adjacent to SCC was 58+14 years (range 32-78 years) and the
mean age for VIN not adjacent to SCC was 42+14 years (range 27-76 years); there
was no statistically significant difference between the two groups in terms o f age.
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Figure 33: Genome o f HPV 16.

Figure 34: The integration o f the HPV genome into the host genome during malignant
progression. The host chromosomal genome is indicated by the green lines.
Integration has caused a disruption of the E2 gene (blue lines) with a part deleted. Due
to the disruption o f the E2 gene the expression o f the E 6 (yellow line) and E7 (red
line) are no longer regulated by the virus (Baker et al, 1987).
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5.2.ii Immunohistochemical analysis:
IHC was performed as described in Chapter 2 using the monoclonal antibodies
described in Table V. Scoring o f each marker was described in Table VI. IHC was
repeated four times to ensure consistency, as described in Chapter 2 (Section 2.2.i.e).

5.2.iii PCR analysis:
PCR was performed using the conditions and primers described in Chapter 2 and
demonstrated in Table VIII. The primers for HPV-16 amplify a 224-bp region o f the
E 6 and E7 genes (nucleotides 490-714). Following PCR, samples were run on a 10%
polyacrylamide gel along with a known positive control (plasmid) containing part o f
the HPV 16 genome. Each sample had the PCR repeated three times to ensure
consistency in the results. Samples that remained negative after repeat PCRs had the
DNA increased to confirm a negative reaction (Figure 35). Commercial sequencing
was performed, as described in Chapter 2 (Section 2.2.vi), on a random selection o f
samples to ensure the PCR product that was amplified was HPV-16.

PCR was also performed to assess for TP53 mutations with the conditions and primers
described in Chapter 2, Table VIII. PCR products were run on 10% polyacrylamide
gel to assess for amplification and contamination. All products from PCR reactions,
which demonstrated no contamination, were sent for commercial sequencing. For any
mutations that were identified, the PCR was repeated along with the sequencing.

5.2.iv Statistics:
Statistical analysis was used, with a p value o f <0.05 being considered statistically
significant, chi square and the student t-test were used as appropriate.

5.3 RESULTS:
Appendix Illiv demonstrates the results for each individual patient. Tables XlVa, b
and XV demonstrate the results for the IHC and PCR.

5.3. i. HPV-16:
5.3. i.a VIN III: Using IHC 10% (1/10) o f the sections o f VIN III (not adjacent to
SCC) stained positive for HPV (Figure 36). Staining was nuclear and confined to the
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superficial differentiated kératinocytes, when present (Figure 36). 77.8% (7/9) o f the
VIN III not adjacent to SCC demonstrated positive HPV-16 PCR results, including the
positive IHC sample. When IHC results and PCR results were compared there was a
statistically significant difference between the two methods (p= 0 .0 1 ).

5.3.i.b VIN III adjacent to SCC: One patient (7%; 1/14) showed HPV expression
using IHC; this was also the case for the associated SCC (5.8%; 1/17) (Figure 37),
with the same patient showing expression in both the SCC and the VIN. There were
also four lesions, which had normal epidermis adjacent to the VIN and SCC, none o f
this normal vulval tissue showed positive IHC for HPV. There was no statistical
significance between any o f the lesions for HPV-IHC.
In HPV-16 PCR all VIN III adjacent to SCC showed expression o f HPV-16, this
compared to 61.5% (8/13) o f the SCCs which showed expression o f HPV-DNA and
none (0/5) o f the adjacent normal epidermis. The only statistically significant
difference was demonstrated between VIN III adjacent to SCC and the adjacent
normal tissue for HPV-DNA (p=0.0003). There was also a statistically significant
difference demonstrated between HPV-IHC and HPV-PCR (p=0.0000056).

5.3. ii Cell cycle proteins and HPV:
Cell cycle proteins in VIN III adjacent to SCC and the SCCs associated with VIN
have been discussed in detail in Chapter 4 and the results summarised in Table XI;
therefore, results related to the SCC will not be discussed again.

5.3.ii.ap53: Seventy percent (7/10) o f VIN adjacent to SCC showed both p53 over
expression (Figure 25b, Chapter 4) and HPV-16 (using PCR), when compared to
adjacent normal epidermis a statistically significant difference was demonstrated
(p=0.0345) with normal epidermis demonstrating no expression o f either p53 or HPV16. VIN not adjacent to SCC did not demonstrate over expression o f p53 (Figure 38),
this was statistically significantly different when compared to VIN adjacent to SCC
(p=0.0019).
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Figure 35: A 10% polyacrylamide gel indicating HPV-16 DNA in SCC and VIN
adjacent to SCC.

Figure 36: Immunohistochemistry demonstrating HPV in VIN.
Magnification x40.

Figure 37 : HPV in SCC using immunohistochemistry.
Magnification x 20.
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Figure 38: VIN not adjacent to SCC demonstrating no expression of p53
Magnification x 40.
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Figure 39: Ki67 expression in VIN not adjacent to SCC.
Magnification x200.

Figure 40: VIN adjacent to SCC demonstrating little cyclin D1 expression (negative
result as < 1 0 %).
Magnification x 100.
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5.3. ii.b HPV-16 and p53 mutations: There were 28.6% (2/7) o f SCCs which
demonstrated both mt TP53 and HPV-16 (using PCR). 40% (2/5) o f VEMs adjacent to
SCC showed both mt TP53, and HPV-16. None o f the adjacent normal epidermis
(0/4) showed either HPV-16 or mt TP53. There was no statistically significant
difference demonstrated between the three groups.

5.3.Ü.C Ki67: There was no statistically significant difference demonstrated between

proliferation rates; but VEST not adjacent to SCC demonstrated an increase in Ki67
expression compared to VIN adjacent to SCC. (Figure 39).

5.3.ii.d Ki67 and HPV-16: There was no statistically significant difference
demonstrated between the lesions that were both HPV-16 and increased proliferation
rate (i.e. Ki67 staining). VIN not adjacent to SCC demonstrated increased Ki67
expression in HPV-16 positive lesions compared to negative lesions though this was
not statistically significant.

5.3. ii.e Cvclin D l : VIN lesions infrequently demonstrated over expression o f cyclin
D1 (Figure 40), with only two lesions showing over expression o f cyclin D l in VIN
adjacent to SCC. There was no significant difference demonstrated between any o f the
lesions.

5.3. ii.f Cvclin D l and HPV-16 (using PCR): A statistically significant difference was
demonstrated for both HPV-16 and normal expression for cyclin D l for VIN and VIN
adjacent to SCC when compared to adjacent normal epidermis (p=0.0345;
p=0.00699), with no adjacent normal epidermis showing over expression o f cyclin D l
or HPV. No VIN not adjacent to SCC demonstrated HPV-16 and over expression o f
cyclin D l this was statistically significant when compared to VIN that was positive
for HPV-16 and normal expression for cyclin D l (p=0.003). This was also found
when comparing VIN adjacent to SCC for HPV-16 and cyclin D l over expression
(p=0.025) with 80% o f VIN adjacent to SCC demonstrating HPV-16 and normal
expression for cyclin D l.
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Figure 41: Normal pRb expression in VIN not adjacent to SCC.
Magnification x 40.

205

5.3.ii.gpRb: 38.5% (5/13) sections showed loss o f pRb in the VIN III sections not
adjacent to SCC and 35.7% (5/14) o f VIN adjacent to SCC showed loss o f pRb. There
was no statistically significant difference demonstrated between the lesions (Figure
41).

5.3. ii.h pRb and HPV-16 (PCR): A statistically significant difference was
demonstrated when comparing VIN adjacent to SCC and normal epidermis adjacent to
SCC for HPV-16 and normal pRb expression (p=0.0069), with no normal epidermis
demonstrating HPV-16.

5.4 DISCUSSION;
5.4. i Correlation of IHC and PCR:
Other authors (Azzimonti et al, 1999) have explained the contrast between HPV-IHC
results and HPV-PCR results. The monoclonal antibody used in this study (Dako,
clone K1H8) recognises part o f the capsid antigen common to most o f the
papillomaviruses, the LI protein. Staining, when present, was visible in the superficial
well-differentiated keratinised cells and was nuclear with the exception being the
SCC, which showed both cytoplasmic and nuclear staining (Figure 37). The primers
used in the PCR are designed to amplify a 224 bp region o f the HPV-16 E 6 and E7
genes (nucleotides 490-714; Bavin et al, 1992).

5.4. ii HPV in vulval lesions:
IHC shows different results from the HPV-16 PCR because, as previously discussed,
the antibody for IHC detects the antigen L I; however, HPV-DNA integrated into the
host genome will not express viral structural antigens (e.g. capsid antigens). Hence,
PCR-DNA is able to detect HPV which is present in the less superficial kératinocytes
and which has been integrated into the host genome. Integration by HPV is a common
hallmark o f malignant progression. The clonal pattern observed in cervical carcinomas
and cervical derived cell lines indicates integration o f the HPV prior to clonal
outgrowth o f the tumour (Miinger & Heselmeyer, 1999). It must be noted that there
was more than a ten year age difference between the patients with VIN III not
adjacent to SCC and those with VIN III adjacent to SCC, though this was not
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statistically significant, indicating that there may be a time factor in the invasive
procedure for SCC.

The low percentage o f SCCs demonstrating HPV-16 PCR with positive adjacent VIN
could be due to a low virus copy number in the invasive cancer, which could result in
a negative PCR result; this has also been suggested by other authors (Pilotti et al,
1993). Table XVI identifies other authors work identifying HPV by PCR in VIN and
SCCs.

5.4. iii The interaction of cell cycle proteins with HPV-16:
p53: p53 was found to be negative in all VIN not adjacent to SCC. This was not the
case for VIN adjacent to SCC where over half (57%) o f the lesions were found to over
express p53 even in the presence o f HPV-16. The role that HPV and p53 play in these
lesions needs to be further studied to understand the process that results in over
expression o f p53 in the presence o f HPV. p53 appears to be a marker o f invasion,
with microinvasion showing over expression o f p53, this was not expected as E 6 has
been found to target p53, by binding to a cellular protein AP to produce E 6 -AP, which
can then complex with p53 (Huibregtse et al, 1991). This complex results in the
proteolytic degradation o f p53 by a mechanism involving the ubiquitin-dependent
protease system. The accelerated degradation o f p53 results in a failure o f wt p53 to
arrest the cell cycle in response to damage (Kessis et al, 1993).

Two SCCs demonstrated both HPV-16 PCR and mutations in the TP53 gene; the
infection o f HPV could have occurred at an earlier time period with mt TP53
occurring later. Two VINs adjacent to SCC also demonstrated both HPV-16 and TP53
mutations, codon 136, in both; this mutation was also demonstrated in the adjacent
SCC but the SCC was HPV-16 negative. It has been shown in vivo and in vitro that
high-risk HPV associated carcinomas which contain both mt TP53 and HPV have a
growth advantage (Scheffher et al, 1990; Lee et al, 1994). This was difficult to assess
in this work with only two SCCs demonstrating both HPV-16 and TP53 mutations.

Ki67: Increased proliferation rate (increased Ki67 expression) was found in both VIN
adjacent to SCC and VIN not adjacent to SCC with both lesions showing increased
proliferation rates when compared to normal epidermis adjacent to SCC. Increased
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Ki67 rates indicate that these lesions are undergoing proliferation, possibly through
aberrations of the cell cycle through the interaction o f HPV.

Cvclin D l andpR b: Cyclin D l was rarely located in lesions which were positive for
HPV-16, with only two lesions identified as having both over expression o f cyclin D l
and having HPV-16 DNA. Others have shown in vitro that when high-risk HP Vs are
present, cyclin D l is rarely over expressed, as E7 binds to pRb through the LXCXE
m otif and releases the transcription factor EF2 (Figure 42). This allows the cell to
progress through the restriction point firom the G1 phase to the S phase o f the cell
cycle. Others (Southern et al, 1998), have demonstrated that cyclin D l is not
expressed in cervical cancer but cyclins in the S phase are upregulated. Since HPV is
found in the majority o f VIN lesions, this would correlate with the deregulation o f
pRb rather than increased expression o f cyclin D l. However, positive IHC in pRb
does not indicate if the protein is phosphorylated or whether the protein is functional.

5.5 CONCLUSION:
The majority o f VINs whether adjacent to SCC or not demonstrated HPV -16. Adjacent
SCC was identified as having a lower percentage o f HPV positivity. There were four
lesions, which were identified as having both HPV-16 and mt TP53. Over expression
o f p53 appears to be a marker o f invasion with even micro-invasion (Stage la)
showing over expression o f p53 with no VIN not adjacent to SCC demonstrating p53
expression. VIN adjacent to SCC and VIN not adjacent to SCC were identified as
having increased proliferation rates when compared to normal vulva.

Over expression o f p53, whether through mutation or some other form o f stabilisation
appears to indicate invasion in VIN and other cell cycle proteins e.g. cyclin D l and
pRb showed normal expression in the majority o f VINs whether adjacent to SCC or
not.
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Figure 42: The role that HPV E 6 and E7 proteins play in disrupting the cell cycle
though the interaction with p53 and pRb.
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5.6 COMPARISON OF NON-NEOPLASTIC EPITHELIAL
DISORDERS OF THE VULVA

(L S

AND SH) AND VIN:

In recent years the classification o f SCC has undergone changes. Through the greater
understanding o f viral, morphological and molecular changes which have resulted in a
diverse array o f theories for the development o f SCC (Andersen et al, 1991; Bloss et
al, 1991; Toki et al, 1991). Two separate types o f SCCs have been proposed. The first
is associated with younger women who are positive for HPV nucleic acids (Andersen
et al, 1991) and with adjacent VIN. The second form is associated with older women
with no/little association with HPV nucleic acids (Kagie et al, 1997b, Yang and Hart
2000). This second form o f SCC has either no abnormality adjacent to the SCC or has
adjacent non-neoplastic epithelial lesions (e.g. LS, SH).

Though these SCCs appear to have distinct clinical and morphological development, it
is still not clear if the pathways resulting in the SCC are different. The aim o f this part
o f the chapter was to compare the differences, if any in epidemiological and clinical
pathology, as well as molecular pathology between NNEDV and VIN lesions both
adjacent to SCC and those lesions not adjacent to SCC.

5.7. MATERIALS AND METHODS:
5.7. i Patient details:
There were 13 patients with VIN III and 14 with VIN adjacent to SCC,

66

patients

with LS (with 4 patients having more than one biopsy); thirty-four patients were
documented to have NNEDV (LS and /or SH) adjacent to SCC and there were two
SCCs with adjacent normal epidermis with no other lesion. The mean age o f the
patients were VIN (not adjacent to SCC) was 42±14 years (range 27-76 years), the
mean age for VIN adjacent to SCC was 58±14 years (range 32-78 years), the mean
age for LS (not adjacent to SCC) was 56+ 16.97years (range o f 6-90 years) and for
NNEDV lesions adjacent to SCC the mean age was 71.6+

8 .6

years (range 49-86

years).
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5.7. ii Immunohistochemical analysis:
IHC was used to detect protein expression as described in Chapter 2, Section 2.2.i,
with antibodies as shown in Table V. Scoring o f each marker was as described in
Table VI, Chapter 2. IHC was repeated four times to ensure consistency as described
in Chapter 2, Section 2.2.i.e.

5.7. iii Statistics:
Statistical analysis was used, with a p value o f <0.05 being considered statistically
significant; chi square and the student t-test were used as appropriate.

5.8 RESULTS:
A statistically significant difference was demonstrated between the mean ages o f the
patients with NNEDV (adjacent to SCC) and those with adjacent VIN (p=0.004). A
statistically significant difference was also demonstrated when comparing LS (not
adjacent to SCC) to VIN (not adjacent to SCC; p=0.002).

5.8. i Lesions not adjacent to SCC:
All result are demonstrated in Tables XVIIa and b.

p53: VIN showed no over expression o f p53 (0/13). This was compared to LS which,
when treated with topical corticosteroids, showed a statistically significant difference
(53%

V

0%; p=0.00057), but when compared to LS which had not been treated with

topical corticosteroids there was no statistically significant difference (18.7% v 0%;
p=0.16).

Ki67: Ki67 expression showed a difference in pattern with VIN demonstrating
expression throughout the epidermis (Figure 39), while LS showed only staining in
the basal/parabasal layer (Figure 19a; Chapter 3). Not only was there a difference in
staining pattern but a statistically significant difference was demonstrated when
comparing VIN with LS treated with topical corticosteroids (13.06± 14.2 v 24.2±16.3;
p=0.022) and LS which had not been treated with topical corticosteroids (3.6±5.4 v
24.2+16.3; p=0.0006) with VIN demonstrating an increased proliferation rate.
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^ 2 iWafl/cipi: jjjgj-g was no statistically significant difference demonstrated between
VEM and LS whether treated with topical corticosteroids or not (p=0.39; p=0.24).

pRb: There was no statistically significant difference demonstrated between VIN and
LS whether treated with topical corticosteroids or not (p=0.56; p=0.75).

Cvclin D l : VIN did not demonstrate over expression o f cyclin D l, while LS both
treated with topical corticosteroids or not, showed both cytoplasmic and nuclear
staining (Figure 21a; Chapter 3). This was found to be statistically significant when
compared to VIN (p=0.0006; p=0.003), with LS over expressing cyclin D L

p53 and p21^^^^^‘^^: A statistically significant difference was demonstrated when
comparing VIN to LS treated topical corticosteroids when the p53 was negative and
p 2 iWan/cipi

positive (81.8% v 33.3%; p=0.04), with VIN demonstrating a greater

number o f lesions expressing

over expression o f p53. This was not

demonstrated in the LS group not treated with topical corticosteroids (p=0.128).

Cvclin D l and pR b: No statistical difference was demonstrated when looking at
abnormal expression o f one or other o f these proteins (p=0.76; p=1.0). However when
looking at both proteins showing normal expression a statistically significant
difference was demonstrated between corticosteroid treated LS and VIN (15.7% v
53.8%; p=0.049), with fewer LS lesions demonstrating normal expression o f these
proteins when compared to VIN. There was no statistical difference in the untreated
group o f LS (p=0.3).

Bcl-2 and B ax: There was no statistically significant difference demonstrated for
abnormal Bcl-2 expression when comparing VIN with LS treated with topical
corticosteroids or not (p=0.19; p=0.268). This was also demonstrated for Bax (p=0.69;
p=0.7). There was also no statistical significant difference when combining abnormal
expression for these proteins.

Clinical parameters:
It has been proposed that certain vulval lesions (e.g. VIN or SCCs associated with
VIN) will have different clinical histories compared to NNEDV lesions or SCCs
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associated with NNEDV. When comparing all cases o f LS (not adjacent to SCC) to
VIN ( not adjacent to SCC) (results summarised in Table XVIII) different clinical
parameters showed statistically significant differences between these two lesions such
as age (p=0.002) with LS patients being older than the VIN patients,
immunosuppression (p=0.0000165) with VIN showing an increased number o f
patients with altered immunity (e.g. transplant patients) and patients with either a past
history or concurrent history o f CIN, and/or vaginal intraepithélial neoplasia (VAIN),
with the VIN patients showing increased risk o f these other diseases (p=0.0000165).

5.8.!: Lesions adjacent to SCC:
LS adjacent to SCC and SH adjacent to SCC will be compared separately with VIN
adjacent to SCC, and then LS and SH combined as an NNEDV group will be
compared with VIN adjacent to SCC. Results are summarised in Tables IXXa and b

p53: VIN adjacent to SCC demonstrated over expression o f p53 but this was found not
to be statistically significant when compared to LS adjacent to SCC (p=0.97), SH
adjacent to SCC (p=0.47) or NNEDV (p=0.69).

Ki67: There was no statistically significant difference when comparing LS adjacent to
SCC (p=0.24), SH adjacent to SCC (p=0.29) and NNEDV adjacent to SCC (p=0.4) to
VIN adjacent to SCC.

^ 2 iWafl/cipi. Yhere was no statistically significant difference demonstrated between LS
adjacent to SCC (p=0.4), SH adjacent to SCC (p=1.0) and NNEDV adjacent to SCC
(p=0.46) when compared to VIN adjacent to SCC, though LS and NNEDV showed
increased expression o fp 2 1 ^^^^^'^\

pR b: LS, SH and NNEDV adjacent to SCC showed no statistically significant
difference when compared to VIN adjacent to SCC (p=1.0; p=0.34; p=0.78).

Cvclin D l : There was no statistically significant difference when comparing VIN
adjacent to SCC to SH adjacent to SCC (p=0.39), NNEDV adjacent to SCC (p=0.78)
and LS adjacent to SCC (p=0.07), though LS adjacent to SCC showed increased
abnormal expression compared to VIN adjacent to SCC (47.8% v 14.3%).

213

pl6iNK4A: A statistically significant difference was demonstrated when comparing
VIN adjacent to SCC with LS adjacent to SCC (p=0.017) and all NNEDV lesions
adjacent to SCC (p=0.02), with increased loss o f expression o f p i 6 ^^^^ being found
in both LS and NNEDV lesions adjacent to SCC. However, there was no statistical
significant difference when comparing VIN adjacent to SCC and SH adjacent to SCC
(p=0.15).

Bcl-2: There was no statistically significant difference demonstrated when comparing
any o f the lesions with VIN adjacent to SCC (p=1.0).

B ax: Though there was no statistically significant difference demonstrated when
comparing VIN adjacent to SCC with SH adjacent to SCC (p=0.35), LS adjacent to
SCC (p=0.08) or NNEDV lesions adjacent to SCC (p=0.055), NNEDV lesions
showed increased abnormal expression o f Bax.

There was no statistically significant difference when comparing VIN adjacent to SCC
with any o f the LS, SH or NNEDV lesions adjacent to SCC when combining any pairs
o f proteins.

Clinical parameters
W hen comparing NNEDV adjacent to SCC with VIN adjacent to SCC (results
summarised in Tables XXa and b) the only statistically significant difference was with
age, with the patients with adjacent NNEDV showing increased age (p=0.004). There
were no other statistically significant differences but VIN adjacent to SCC showed an
increased number o f patients who either smoked or were past smokers (41.7% v
16.7%; p=0.11) and this was also demonstrated when studying either a past history or
concurrent history o f CIN, and/or VAIN (25% v 3.3%; p=0.06).

5.9 DISCUSSION:
5.9,i H PV in NNEDV and VIN lesions:
The largest difference between VIN and NNEDV lesions, whether adjacent to SCC or
not, has been shown by other authors to be the presence o f high-risk HPV nucleic
acids. Authors have demonstrated 80%-90% o f VIN will contain HPV-16, the same as
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the results shown above in Section 5.3.i (Ikenberg et al 1983; Gross et al, 1985; Pilotti
et al, 1993; Kim et al, 1996). Other authors have shown that SCCs associated with
NNEDV (LS and/or SH) seldom contain HPV nucleic acids (Leibowitch et al, 1990;
Neill et al, 1990; Andersen et al, 1991; Bloss et al 1991; Toki et al, 1991) and this is
also seen in dVIN, (Park et al, 1991; Haefiier et al, 1995; Hording et al 1995; van
Beurden et al 1995; Yang and Hart 200) which is believed to be associated with
NNEDV. Likewise LS not adjacent to SCC rarely show HPV nucleic acids (Karram et
al, 1988). Hence NNEDV lesions whether adjacent to SCC or not were not examined
for the presence o f HPV in this study.

HPV, through the loss o f regulation o f the genes E 6 and E7, is known to cause loss o f
control in the G l/S restriction checkpoint by binding o f E 6 to p53, or E7 to pRb.
Work earlier in this chapter had indicated that loss o f control was identified through
increased proliferation in VIN whether adjacent to SCC or not and that in VIN not
adjacent to SCC this appeared to be through abnormality o f cyclin D l/pR b pathway;
however, in VIN adjacent to SCC there is over expression o f p53 (and in some cases
TP53 mutations) with increased Ki67 expression.

5.9.ii Cell cvcle/apoptotic protein analysis:
There have been no studies to date comparing cell cycle/apoptotic protein expression
between VIN and NNEDV lesions whether adjacent to SCC or not. When examining
LS and VEM not adjacent to SCC the loss o f control in the G l/S checkpoint in LS
appears to be in the cyclin D l/pR b pathway with LS demonstrating over expression o f
cyclin D l compared to VIN which showed no over expression o f this protein
(p=0.0006; p=0.003 depending on whether the LS was treated with topical
corticosteroids or not). p53 over expression was only demonstrated to be statistically
significant when comparing VIN and LS treated with topical corticosteroids
(p=0.00057). VIN demonstrated increased proliferation compared to LS (whether
treated or not) when studying Ki67 expression, possibly through HPV causing
deregulated cell proliferation.

NNEDV and VIN not adjacent to SCC:
VEST demonstrated normal expression o f both cyclin D l and pRb and this was shown
to be statistically significant when compared to LS treated with topical corticosteroids

215

(p=0.049), LS not treated with topical corticosteroids showed increased number o f
lesions demonstrating abnormal cyclin D l expression compared to VIN though this
did not reach statistical significance.

NNEDV and VIN adjacent to SCC:
When comparing lesions that were adjacent to SCC the only statistically significant
difference when compared to VIN adjacent to SCC was the expression o f pld^"^"^ in
LS adjacent to SCC (p=0.017) and NNEDV adjacent to SCC (p=0.02). Though not
statistically significantly different NNEDV lesions showed greater over expression o f
cyclin D l compared to VIN adjacent to SCC. Abnormal Bax expression, though not
statistically significantly different, showed increase abnormal expression in NNEDV
lesions adjacent to SCC compared to VIN adjacent to SCC (LS 84.6%; SH 75%,
NNEDV 80.9%, VIN 45.5%).

Clinically, LS not adjacent to SCC demonstrated several differences compared to VIN
not adjacent to SCC: the patients with LS where older by over ten years (p=0.002),
VIN patients were more likely to be immunosuppressed (p=0.000016) with many
being transplant patients, and the VIN patients were more likely to have a past or
concurrent history o f a further genital lesion associated with HPV (e.g. CIN VAIN;
p=0.000016).

In lesions adjacent to SCC, the differences were not so obvious with only age
demonstrating a statistically significant difference, again the patients with NNEDV
lesions were at least ten years older (p=0.004). An increased history o f smoking was
demonstrated in patients with VIN adjacent to SCC compared to those with NNEDV
adjacent to SCC though this did not reach a statistical significance (41.7% v 16.7%;
p=0.11). This was also demonstrated in patients with a past history o f a further genital
lesion associated with HPV (25% VIN v 3.3% NNEDV; p=0.06).

SCC has in this study, and in a number o f other studies (Kagie et al, 1997a;
McConnell et al, 1997; Lerma et al, 1999), been divided into those SCCs associated
with NNEDV and those associated with VIN. This work confirms the work o f others
(Rouzier et al, 2001), that patients with VIN are on average younger than patients with
NNEDV whether adjacent to SCC or not. This could indicate that HPV quickens the
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carcinogenic process by at least ten years, though it is known that HPV alone will not
cause cancer (Miinger & Hesselmeyer 1999).

The SCC groups (i.e. those with VIN adjacent or those with NNEDV adjacent to
SCC) also differ in clinical features other than age such as immunosuppression, a
history o f smoking and a past history o f a further genital lesion associated with HPV.
However, all these features are themselves associated with an increased risk o f HPV
infection for example, smoking is believed to increase the duration o f HPV infection
and decrease the probability o f clearing the infection (Giulian et al, 2002).

Studies by other groups (Magrina et al, 2000; Rouzier et al, 2001) have also stated that
these two forms o f SCC vary in respect o f the site o f onset and depth o f invasion.
Unfortunately, it was not clear enough in the clinical notes to determine the sites o f
origin o f the SCC in this work. However, while not statistically significantly different,
SCCs associated with NNEDV did show increased depth o f invasion when compared
to SCCs associated with VIN (65.7% v 42.8%).

5.10. SUMMARY:
Though there where few cell cycle changes that were statistically significantly
different between NNEDV not adjacent to SCC (LS), NNEDV adjacent to SCC (LS
and SH) and VIN either adjacent to SCC or not, one pathway does appear to be altered
between the two groups and that pathway involves cyclin D l/pR b, which showed
changes in the lesions not adjacent to SCC and those adjacent to SCC in NNEDV.

5.11. FUTURE WORK:
To determine the potential role o f IHC in detecting the infective role o f HPV-16 as
IHC only detects the virus in the infective stage where the capsid is being produced.
To elucidate the role o f p53 over expression in VIN adjacent to SCC. To determine if
E 6 and E7 proteins o f the viral genome are indeed being produced and to determine if
these are binding to cell cycle proteins such as p53 and cyclin D l.
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VIN

HPV-IHC

VIN adjacent

10%

( 1/ 1 0 )

P*-1.0

HPV-16 PCR

SCC

Normal adjacent

7.1% (1/14)

5.8% (1/17)

0% ( 0 /6 )

p*=1.0
p+=1.0

p*=1.0

77.8% (7/9)

100%

p*=0.02

p*=0.0003

(10/ 10)

61.5% (8/13)

0% (0/5)

p*=0.035

p+=0.2

p53-IHC

Ki67

pRb
Cyclin D l

0%

(0/13)

57.1% (8/14)

64.7% (11/17)

p*=0.04
p+=0.0019

p*=0.0137

0 % (0 / 6 )

24.2±16.3

20.7+19.5

24.4+24.48

p*=0.37

p*=0.52
p+=0.77

p*=0.4

38.5% (5/13)

35.7% (5/14)
p*=1.0
p+=1.0

29.4% (5/17)
p*= 1 .0

33% (2/6)

p*=1.0

14.3% (2/14)

35.3% (6/17)

0 % (0 / 6 )

p*=1.0
p+=0.4S

p*=0.14

0%

(0/13)

16.7±18.1

p*value for lesion compared to normal epidermis adjacent to SCC; p+ value for VIN compared to VIN
adjacent to SCC.

Table XlVa: Results comparing VIN and VIN adjacent to SCC with p values given.
VIN

H PV +p53+
HPV+ p53HPV+ Ki67

0 % (0 / 1 0 )

SCC

Normal adjacent

70% (7/10)

38.5% (5/13)

0 % (0 / 6 )

p*=0.0345
p+=0.00309

p*=0.127

VIN adjacent

70% (7/10)

30% (3/10)

23% (3/13)

p*=0.0345

p*=0.5
P+-0.179

p*=0.5

22.5+20.6

25+25.6

28.6+15.7

0 % (0 / 6 )

p+=0.5

HPV- Ki67

10+7.1

27+28.8

p*=0.55

p*=0.49

HPV +
Abnormal pRb

30% (3/10)

2 0 % (2 / 1 0 )

p*=0.25

p*=0.5
p+=1.0

HPV+ Normal
pRb

40% (4/10)
p*=0.233

16.7+18.1

0% (0/13)

0 % (0 / 6 )

80% ( 8 / 1 0 )

61.5% (8/13)

0 % (0 / 6 )

p*=0.0069

p*=0.018

p+=0.169

HPV +
Abnormal
cyclin D l
HPV+ Normal
cyclin D l

0 % (0 / 1 0 )

2 0 % (2 / 1 0 )

23% (3/13)

p*=0.5
p+=0.47

p*=0.52

70% (7/10)

80% ( 8 / 1 0 )

38.5% (5/13)

p*=0.0345

p*=0.00699

p*=0.127

0% (0 /6 )

0% ( 0 /6 )

p+=1.0
p*value for lesion compared to normal epidermis adjacent to SCC; p+ value for VIN compared to VIN
adjacent to SCC.

Table XlVb: Table demonstrating results when combined with HPV-16 PCR results.
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TP5 3-mutations
p53-fflC
HPV-16+ TP53
mutation
HPV-16+ w tTP53

VIN adjacent

SCC

N adjacent

40% (2/5)

71.4%(5/7)

0% (0/4)

p*=0.44

p*=0.06

75%(4/5)

100% (7/7)

p*=0.047

p*=0.003

40% (2/5)

28.6% (2/7)

p*=0.44

p*=0.49

60% (3/5)

14.3% (1/7)

0% (0/4)
0% (0/4)

0% (0/4)

p*=0.16
p*=1.0
p*value for lesion compared to normal epidermis adjacent to SCC

Table XV: Results comparing p53 mutations and HPV-16 PCR results.
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Author
Milde Langosch et al,
1995

Kim et al, 1996

Materials and methods
SCC and pre-invasive
also looked at
recurrences and
métastasés. HPV by PCR
No microdissection. Also
looked at p53 mutations
and IHC
Fresh tissue and archival
tissue. Microdissected
HPV and clonality

Pilotti et al, 1995

Frozen and archival, no
microdissection HPV
and p53 mutations and
IHC

Lee et al, 1994

SCC Frozen and archival
tissue. No
microdissection. p53
mutations
VIN and SCC looked at
HPV
p53 mutations and IHC
SCC no microdissection,
HPV detection
p53 mutations and IHC

Pilotti et al, 1993

Ngan et al, 1999

Results
27.5% SCC showed HPV DNA. Mutant p53
observed in HPV positive & negative lesions. 3
cases o f VIN all contained mutant p53- mutation
identical to that in SCC

VIN all HPV positive, SH which was adjacent to
SCC were HPV positive, 38.9% SCC were HPV
positive in total, 22.2% o f SCC showed p53
mutation all were found in HPV negative
HPV-16 was identified in the 13 lesions
corresponding to VIN and VIN associated
cancer. 4/16 o f the cancers not associated with
VIN were positive for HPV. 37% cancers not
associated with VIN showed mutation.
57% SCC positive for HPV. One HPV positive
lesion showed mutation in p53. 44% o f the
negative HPV lesions showed a mutation
No mutations in any VIN. VIN all positive for
HPV-16
2 o f the SCC were positive for HPV-16
46% samples were HPV positive ; 20% o f the
HPV negative lesions showed a p53 mutation,
22% o f the HPV positive showed a mutation

Table XVI: Other authors work looking at HPV in vulval lesions.
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Protein
p53

LS treated
53% (17/32)
13.06± 14.2

LS
18.7% (6/32)
p=0.16
3.6±5.4

p=0.022

p=0.0006

60% (9/15)
p=0.39
55% (11/20)
p=0.56
57% (12/21)

55% (11/20)
p=0.24
39% (9/23)
p=0.75
46% (11/24)

p=0.0006

p=0.003

52.6% (10/19)
p=0.19
61% (11/16)
p=0.69

47.8% (11/23)
p=0.268
68% (15/23)
p=0.7

p=0.00057

Ki67
p 2 jWafl/Cipl

pRb
Cyclin D l
Bcl2
Bax

VIN
0% (0/13)
24.2+16.3
81.8% (9/11)
38.5% (5/13)
0% (0/13)
23% (3/13)
76.9% (10/13)

Table XVIIa: Results comparing LS (both on topical corticosteroids and not) not
adjacent to SCC and VIN not adjacent to SCC abnormal protein expression.
Protein
p53+ Ki67 mean
p53-Ki67 mean

LS treated
15.58+13.5

LS
5.83+9.7

VIN
0

2 4 .2 ± 1 6 .3

5.67±8.4

3.07+4.019

p=0.0019

p=0.0007

26.7% (4 /1 5 )

5% (1 /2 0 )

0%

33.3% (5 /1 5 )

50% (1 0 /2 0 )

81.8% (9/11)

p=0.04

p=0.128

Abnormal cyclin
Dl/abnormal pRb

57.9% (11/19)
p=0.76

52.2% (12/23)
p=1.0

46.2% (6/13)

Normal cyclin D l and
normal pRb

15.7% (3/19)

30.3% (7/23)
p=0.3

53.8% (7/13)

p=0.049

27.8% (5/18)
p=0.66

36.4% (8/22)
p=0.25

15.14% (2/13)

p53+p21^ “^^‘^‘P’+

p53- p 2 l™ c ip i+

Bax- Bcl2 +

Table XVIIb: Comparison o f combined proteins with LS(both on topical
corticosteroids and not) not adjacent to SCC and VIN not adjacent to SCC.
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Age
Smoking history
Immunosuppressed
Cervical/ vaginal intraepithélial neoplasia
or past history o f VIN
Autoimmune diseases

LS (all cases)
56± 16.97 years
p=0.002
4.9% (3/61)
p=0.39
3.3% (2/61)
p=0.0000165
3.3% (2/61)
p=0.0000165
24.6% (15/61)
p=0.68

VIN
42+14
12.5% (1/8)
66.7% (6/9)
66.7% (6/9)
33.3% (3/9)

Table XVIII: Clinicopathological parameters for LS and VIN not adjacent to SCC
comparing the two groups.
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Protein
p53
Ki67
p 2 jWatl/Cipl

pRb
Cyclin D l

Bcl-2
Bax

LS ad.i
52% (13/25)
p -0.97
15.8+16.5
p=0.24
77.8% (14/18)
p=0.4
34.7% (8/23)
p=1.0
47.8% (11/23)
p=0.07
94.7% (18/19)
p=0.017
18.2% (2/11)
p=1.0
84.6% (11/13)
p=0.08

SH adi
37.5% (6/16)
p=0.47
15+11.5
p=0.29
63.6% (7/11)
p=1.0
60% (9/15)
p=0.34
33.3% (5/15)
p=0.39
84.6% (11/13)
p=0.15
12.5% (1/8)
p=1.0
75% (6/8)
p==0.35

NNEDV adi
46.3% (19/41)
p=0.69
16.5+15.5
p=0.4
72.4% (21/29)
p=0.46
44.7% (17/38)
p=0.78
42.1% (16/38)
p=0.78
90.6% (29/32)
p=0.02
15.7% (3/19)
p=1.0
80.9% (17/21)
p=0.055

YIN ad.i
57.1% (8/14)
20.7+19.5
58.3% (7/12)
35.7% (5/14)
14.3% (2/14)
50% (4/8)
9% (1/11)
45.5% (5/11)

Table IXXa: Comparison o f abnormal protein expression when comparing VIN
adjacent to SCC and NNEDV lesions adjacent to SCC.
Protein
p53 + Ki67 mean
and ± SD
p53 - Ki67 mean
and + SD

p53+p2C^"^^'P'+
p53-p21 wati/c.pi+
Abnormal cyclin
D l/or abnormal
pRb
Normal cyclin D l
and normal pRb
pi 6
and/or
abnormal pRb

Bcl-2 iBax

LS adi
16.5±11.1
p=0.18
16.8±21.5
p=0.68
38.9% (7/18)
p=0.24
38.9% (7/18)
p=1.0
47.8% (11/23)
p=0.8

SH adi
15.0+16.3
p=0.21
15.0+8.1
p=1.0
36.4% (4/11)
p=0.37
27.3% (3/11)
p=0.66
53.3% (8/15)
p=0.8

NNEDV adi
16.2±12.5
p=0.15
16.3+17.4
p=0.72
37.9% (11/29)
p=0.27
34.5% (10/29)
p=0.73
50% (19/38)
p=0.7

43.5% (10/23)
p=0.96
94.7% (18/19)
p=0.16
76.9% (10/13)
p=0.4

33.3% (5/15)
p -0.6
91.7% (11/12)
p=0.5
38.5% (5/13)
p=0.7

398.5% (15/38)
p=0.7
93.5% (29/31)
p=0.14
57.7% (15/26)
p=1.0

VIN adi
27.5±19.8
13.5117.7
16.6% (2/12)
41.6% (5/12)
50% (7/14)

50% (7/14)
71.4% (5/7)
54.5% (6/11)

Table IXXb: Comparison o f combined abnormal protein expression when comparing
VIN adjacent to SCC and NNEDV lesions adjacent to SCC.
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Age
Smoking history
Immunosuppressive
Cervical/ vaginal intraepithélial
neoplasia or past history o f VIN
Autoimmune diseases

NNEDV adjacent to SCC
71.6± 8.6
p=0.004
16.7% (5/30)
p=0.11
0%
3.3% (1/30)
p=0.06
6.7% (2/30)
p=1.0

VIN adjacent to SCC
58±14
41.7% (5/12)
8.3% (1/12)
25% (3/12)
8.3% (1/12)

Table XXa: Comparison o f clinicopathological parameters for VIN adjacent to SCC
and NNEDV adjacent to SCC.
SCCs

with

NNEDV

SCCs with VIN adjacent

adjacent
Grade:
Well differentiated
Moderately differentiated
Poorly differentiated
Stage:
1
2
3
4

Recurrence
Depth:
<1
>1

68.5% (2 4 /3 5 )
28.6% (1 0 /3 5 )

2.8% (1/35)

71.4% (1 0 /1 4 ) p=1.0
14.3% (2 /1 4 ) p=0.46
7.1% (1 /1 4 ) p=0.5

48.6% (1 7 /3 5 )
20% (7 /3 5 )
11.4% (4 /3 5 )

42.8% (6 /1 4 ) p=0.96
35.7% (5 /1 4 ) p=0.28
7% (1 /1 4 ) p=1.0

0%
20% (7/35)

0%

31.4% (1 1 /3 5 )
65.7% (2 3 /3 5 )

50% (7 /1 4 ) p=0.45
42.8% (6 /1 4 ) p=0.25

45.7% (1 6 /3 5 )
45.7% (1 6 /3 5 )

50% (7 /1 4 ) p=0.96
42.8% (6 /1 4 ) p=0.89

14.3% (2 /1 4 ) p=1.0

Size:
<2
>2

Table XXb: Comparison o f clinicopathological parameters for VIN adjacent to SCC
and NNEDV adjacent to SCC.
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Chapter six:

Loss of heterozygosity, clonality and
TP53 mutations.

Presented in part at the British Gynaecological Cancer Society meeting (2001),
London.

6.1 INTRODUCTION:
The process o f carcinogenesis arises through a series o f mutations occurring in a cell
which, following damage to a crucial gene/series o f genes or an epigenetic event, will
progress towards malignancy. In colorectal epithelium a series o f molecular events
have been identified and placed in an assumed chronological sequence (Kim et al,
1993; Kinzler & Vogelstein, 1996; Figure 43). The cell accumulates genetic changes,
which provide characteristics ensuring growth and survival, the cell then undergoes a
series o f divisions, which result in the development o f a neoplasm. In the vulva, which
is covered in skin, it is assumed that the damage, and therefore the mutations, will
occur in the stem cells in the basal layer o f the epidermis (Ren et al, 1996).
6.1. i Clonality analysis:
The proposed model for a number o f epithelial neoplasms e.g. skin (Ponten et al,
1997) and lung (Chung et al, 1995) are that they are clonally derived, i.e. they are
derived from a single transformed cell. There are a number o f methods used for the
analysis o f clonality in tumours that have been based on somatic mutations, viral
integration analysis and X-chromosome inactivation (Garcia et al, 1999). Xchromosome inactivation is based on the theory that all female cells will contain two
X-chromosomes, one inherited maternally and one paternally, however only one
X-chromosome is active in each cell. Early in embryology one o f the
X-chromosomes is inactivated by méthylation o f the cytosine residues within a
promoter region. This inactivation is random with half o f the paternally derived cells
being active and half the maternally derived cells being active. The méthylation
pattern can be determined by methylation-sensitive enzymes using the androgen
receptor (HUMARA) gene locus. If the tissue under study is clonally derived, i.e. it
originates from a single cell; the clonality can be determined by gel analysis, after
enzyme digestion, as it will yield only one band.

There are, however a number o f problems with using X-chromosome inactivation in
cancer clonality analysis: the méthylation pattern can be altered as the cancer
advances, with increases and decreases in méthylation o f several chromosomes.
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Histologically normal
colorectal epithelium
with inherited APC
mutation

Somatic APC mutation

Mutations in ras
Hypomethylation o f DNA
Atypical expression o f enzymes and
onco-fetal markers
Aberrant crypt

Increase ras mutations
M iction s in p53, MCC &
DCC
Adenomatous or
villous polyp

Microiuvasive
cancer

Increased mutations in ras, p53, MCC & DCC. Decreased
expression o f receptors to basement membranes,
Polyp with
new expression o f proteolytic enzymes. Increased
carcinoma in situ
angiogenesis, increased EGF-R, TGF-o; c-erbB-2,
and c-erB-3.

Expression o f receptors to
surface molecules o f
endothelial cells.
Tumour
invades
through
muscular
wall

Tumour
métastasés to
local lymph
nodes

Tumour
métastasés to
distant organs

Abbreviations: APC: adenomatous polyposis coli, MCC: mutated in colorectal cancer, DCC: deleted in
colon cancer, EGF-R Epidermal growth factor- receptor, TGF-oc tumour growth factor alpha.

Figure 43: Model o f colorectal cancer based on familial adenomatous polyposis
(Grizzle et al, 1999).
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including the X-chromosome (Jones & Buckley, 1990). It is therefore possible that Xchromosome inactivation might be non-random in some tumours (Drya et al, 1989)
with skewing in favour o f a particular chromosome identified in some tissue (Mutter
& Boynton, 1995); a further problem with X-chromosome inactivation is patch size.

6.1. ii Field Cancérisation:
Field cancérisation was first proposed by Slaughter et al (1953). This concept was
based on the fact that the oral epithelial surfaces form independent epithelial tumours,
therefore second primaries or synchronous tumours arise from independent genetic
events and are therefore polyclonal. The field cancérisation hypothesis predicts a
multicentric polyclonal origin for multiple tumours. However, recent evidence
suggests that a number o f epithelial cancers are clonal in origin e.g. oral cancers arise
from a clonal expansion o f pre-neoplastic cells (Bedi et al, 1996; Califano et al,
1996). This has been described by some as a process o f ‘field disease’ which
involves widespread histopathological changes or phenotypic changes in
morphologically normal epithelium (Rao et al, 1993) and carries an increased risk for
progression and recurrence (Heney et al, 1983; Norming et al, 1989). It is believed to
occur through the initiated cell interacting with those around it resulting in a change in
biochemical markers (Rao et al, 1993).

A further hypothesis for field cancérisation is that if these metachronous lesions were
clonal then it is possible that this could be caused through lateral spread (Garcia et al,
1999). A further possibility is that a common mutated progenitor cell, spreads
through the epithelium at an early stage o f tumour development. This has been
demonstrated in discontinuous foci o f CIN 111 in the cervix; individual lesions have
shown the same X-chromosome inactivation pattern, suggesting intraepithélial spread
(Enomoto et al, 1997). In the skin it is not uncommon to see migration of
morphologically abnormal cells spreading laterally from lesions such as Bowen’s
disease (Garcia et al, 1999).

Further explanations o f the ‘field effect’ is the possibility that the disease process
which causes the tumour to develop has a characteristic genotype, which will be
present in all examples o f the tumour in an affected ‘ field’.
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6.1. iii Clonality in pre-malignant vulval disease:
There have been a small number o f studies on clonality in SCC. Tate et al (1997)
showed, using X-chromosome inactivation, that VTN and invasive carcinoma were
indeed clonal proliferations and that hyperplasias associated with LS were also
monoclonal suggesting that clonal expansion could precede the neoplastic
phenotype. However, Kim et al (1996), in a small group o f SH lesions(n=3), showed
that though the cancers demonstrated TP53 mutations and were clonal, the adjacent
SH appeared to be polyclonal using X-chromosome inactivation. Rosenthal et al,
2000, 2002) suggested that synchronous VIN III lesions adjacent to SCC were
monoclonal and that they were caused by the spread o f abnormal kératinocytes within
the epidermis.

Others (Carlson et al, 2000a), through the use o f an analysis o f chromosomal
abnormalities, suggest that SCC arises through field cancérisation. Carlson et al
(2 0 0 0 a) suggested that the vulval epidermis has been subject to mutagens (e.g.
oncogenic viruses or endogenous processes, i.e. free radicals from persistent
inflammation; Carlson et al, 1998, Carlson et al, 2000b) and has been initiated and
therefore the entire area is at risk from multiple SCCs.

The aim o f this work was to examine the role o f tumour suppressor genes in SCC and
histologically adjacent lesions (LS, SH and VIN). This analysis would give further
insights into the molecular mechanisms involved in vulval carcinogenesis. Using
clonality analysis (LOH, TP53 mutation and X-chromosome inactivation) it would
also be possible to identify direct precursor lesions to SCC. Finally, the prognostic
role o f LOH and TP53 mutations in SCC were examined.
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Figure 44: LOH
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6 .2

LOSS OF HETEROZYGOSITY;

6 .2 .

INTRODUCTION:

Loss o f heterozygosity (LOH) refers to the observation o f loss o f a single allele at a
particular genetic locus or loci arising in tissue from a patient who is heterozygous for
the same locus or loci in their normal tissue (Figure 44). Dracopoli & Fogh (1983)
first used the term LOH to describe reduced level o f heterozygosity. They noted that
loss o f functional gene expression was predicted by models o f carcinogenesis
involving the accumulation o f genetic mutations in recessive genes.

Most human malignancies have been shown to have alterations o f chromosome
number either through gain or loss o f the whole or part o f the chromosome. It has
been proposed by Lengauer et al, (1998) that these abnormalities are caused by
mutations in either mismatch repair genes or chromosome segregation genes which
enforces the process o f tumourigenesis towards cancer. A single tumour has been
shown to have a heterogeneous karyotype indicating new chromosomal variations
and underlying genetic instability. An alternative theory is that aneuploidy causes
genetic instability (Duesberg et al, 1998). Thus once the cells are aneuploid they are
prone to asymmetrical chromosome segregation each time they divide, resulting in a
process termed ‘chromosome error propagation’ (Holliday, 1989).

6.2. i Defining LOH for a tumour type;
Studies between different loci have made it difficult to account for the reported
frequency o f allele loss (Ferrell, 1999). Low levels o f allelic loss are presumed to be
due to non-specific loss through genomic instability. LOH for a given marker o f 25%
or more o f informative cases is considered significant for tumourigenic progression
(Ferrell, 1999).

6.2. ii LOH. clonality and tumour progression:
Vogelstein et al (1988) observed in colorectal carcinoma a progressive increase in
allelic loss with histopathological stage. Borland et al (1995), using microdissection in
colorectal cancer, demonstrated an increasing frequency o f allelic loss o f 5q, 17p and
18q with tumour progression.

231

Many cancers, such as SCC not associated with (undifferentiated) VIN, do not
currently have a recognised precursor lesion, but where ‘high-risk’ lesions can be
defined, LOH has been useful. Thus Van de Reit et al (1994) and el-Naggar et al
(1995) have shown the frequent loss o f chromosome 9p21-22 in pre-malignant lesions
o f head and neck squamous cell carcinomas (HNSCC), with both reports suggesting
that loss o f 9p is an early event in HNSCC.

6.2. iii LOH in vulval disease;
There has been little work on LOH in SCC or in the adjacent lesions. Flowers et al
(1999) demonstrated allelic losses at 3p with a greater number o f allelic losses in HPV
negative cancers compared to the HPV positive SCC. Flowers et al (1999) also stated
that losses at 3p are early events in vulval cancer in HPV negative lesions as they were
demonstrated at a high rate in the corresponding high-grade precursor lesion. Lin et al
(1998) examined four cases o f SCC (two were HPV negative). They stated that a
genetic relationship existed between VIN and the adjacent SCC and that allelic loss
may precede the onset o f invasive cancer in some cases o f dVlN. Pinto et al (2000)
looked at both HPV positive and negative lesions, they examined eleven chromosomal
loci. Allelic imbalance was identified in both HPV positive and negative lesions;
however, HPV positive lesions showed greater allelic imbalance whereas, HPV
negative lesions showed greater microsatellite instability (MSI).

The aim was to assess LOH (plus MSI and allelic imbalance) in both the SCCs and
adjacent lesions when compared to the patients’ normal histology. 9q was selected as
one region as this has been found to be lost in bladder cancers (papillary) and in preinvasive bladder lesions along with squamous cell carcinomas with high recurrence
rates. The retinoblastoma locus (13q) was selected as it had shown some abnormalities
in IHC in SCC and adjacent lesions, as discussed in Chapter 4, and has been studied
previously in vulval cancer (Flowers et al, 1999). Region o f lOq has been shown to be
lost in other gynaecological cancers, e.g. endometrial carcinoma and regions o f 2 2 q
have been shown to be lost in other squamous cell carcinomas e.g. penile (Alves et al,
2001), Barretts oesophagus (Riegman et al, 2000), as well as other cancers, e.g. breast
carcinoma (Emi et al, 1997) and gynaecological disorders, e.g. endometriosis (Thomas
& Campbell, 2000). TP53 was also studied as it has been a frequent LOH event in
cancers and the pre-malignant lesions, and this will be discussed later.
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6.3 MATERIALS AND METHODS:
Thirteen SCCs were selected (Appendix Hiv), where it had been possible to detect
normal tissue. Normal DNA was extracted from the dermis, which has been described
by others as showing no LOH in other cancers (Lin et al, 1998). Dermis was used
because all patients assessed for LOH were patients who had adjacent NNEDV and
there was no normal epidermis present.

LOH was performed as described in Chapter 2 with the PCR conditions shown in
Table V III. All experiments were repeated and were judged by an independent
reviewer and m yself (AR & KJR). LOH was performed using primers flanking
dinucleotide and multinucleotide microsatellite repeat polymorphisms for TP53 and
D17S520(TP53 gene), D9S1198 and D9S972 (9ql3-34.3), D13S294, D13S263
(RBI locus), D9S171 and D9S1679 (p%6 ^'^AAiTSi^ D10S187 (10q24) and D22S156
(2 2 q l l . 2 )

TP53, D17S520, D9S1198, D9S972, D13S294, D13S263, D9S171, D9S1679 were
performed using radioactive PCR as described in Chapter 2 section 2.2.vii.b, while
D10S187and D22S156 were performed using fluorescent PCR as described in Chapter
2 section 2.2.vii.b. Definitions for terms used for LOH are discussed in Chapter 2,
section 2 .2 .vii.a.

6.4 RESULTS:
Table XXI demonstrates results for LOH on all samples.

Due to the extracted DNA quality/quantity it was not possible to perform LOH on all
loci; in particular at D17S520, D13S263, D9S171 and D9S1679 proved to be
unreliable due to DNA quality, those that proved difficult to perform LOH were also
found to be those that were the oldest samples.

TP53 will be described later in the chapter in relation to the TP53 mutational status o f
the samples.
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D9S1198 (9q34.1): Three cases were non-informative. MSI was noted in three SCCs
with the adjacent lesions in patient number 127 also showing MSI. All other samples
showed retention o f the allele with the exception o f one LS which showed LOH even
though both the SCC and the area prior to the SCC showed retention o f the allele
(patient 118).

D9S972 (9q34.1): Three cases were non-informative. MSI was identified in both the
SCC and the adjacent LS in patient number 111 but two other adjacent lesions did not
show MSI. Patient 131 showed a change in alleles in the SCC with the adjacent
lesions showing retention.

D13S294 (Rb locus): Eleven cases showed results for this locus with retention o f the
allele identified in 85% (23/27) o f cases (Figure 45), with the exception o f MSI in a
SCC and the adjacent LS (patient number 121). LOH was identified in a SCC with
retention in the adjacent lesions (patient number 83) (Figure 46) and LOH in LS with
the SCC and the shoulder o f the SCC showing retention o f the allele (patient number
118).

DIOS 187 n0q24): Six cases were informative. MSI was identified in two SCCs along
with the adjacent LS (patient numbers 83 and 133) (Figure 47). However, the SH
which was also an adjacent lesion in patient number 83 showed retention o f the allele.
LOH was found in all lesions o f one patient (patient 89).

D22S156 I22g 11.21: Seven cases provided information, all being informative. LOH
was identified in both the SCC and both adjacent lesions for patient number 83; in
patient number 121 only the adjacent LS showed LOH while the SCC showed
retention o f the allele. MSI was identified in patient number 111 in the SCC and the
adjacent LS, however the two other lesions showed retention o f the loci. MSI was also
identified in patient number 133 in the adjacent LS.
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Figure 45: Retention o f the allele identified in almost all samples using D13S294
(RBI locus).
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Band missing
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Figure 46: LOH in SCC compared to the adjacent lesions (RBI locus).
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Figure 47: Top diagram from normal tissue while lower diagram from LS adjacent to
SCC demonstrating MSI in DIOS 187 (lGq24) using fluorescent probes. Red arrows
indicate heterozygote allele in normal epidermis, dark blue indicate new peaks in the
adjacent lesion and the yellow arrow indicating a loss o f a peak
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6.5 DISCUSSION:
6.5.i LOH:
In low-grade papillary bladder tumours the most common deletion is at 9q (9ql3-34;
Rao et al, 1999). Fluorescent in situ hybridisation has shown that losses o f 9q are
common in pre-malignant diseases and in patients who are at a higher risk o f
recurrences (Wheeless et al, 1994). Both primers in this study worked on the archival
tissue with four patients demonstrating a change in the loci at this region in the SCC.
This region is also known to be the loci for the blood group alleles.

Endometrial carcinoma has demonstrated a high frequency o f LOH at lOq (Peiffer et
al, 1995); 50% o f the SCCs in this study showed a change in the allelic pattern for lOq
with 45% o f adjacent lesions also demonstrating this alteration.

The retinoblastoma locus (RBI; 13q) has been studied by another group (Flowers et
al, 1999) who found no difference between HPV positive or negative SCCs. They
found that the overall LOH was 29% in all SCCs, which is similar to the 25% found
by Wistuba et al (1997) in cervical cancer. This study demonstrated only two SCCs
who had alterations o f the RBI locus (18%). In both this work and that o f Flowers et
al, it appears that the retinoblastoma gene is not an important alteration in SCC. This
was also demonstrated in Chapter 4 with the IHC results for SCC and the adjacent
lesions.

TP53 will be discussed alongside p53 mutations, later in this chapter.

Alterations o f the locus 22ql 1.2 was identified in only 50% o f the SCCs while a
greater number o f adjacent lesions were identified as having a change in the allele
pattern.

M SI: Microsatellites are tandem repeats o f simple sequences that are highly
polymorphic and randomly interspersed throughout the genome. MSI has been
attributed to mutations in DNA mismatch repair genes (Honchel et al, 1995) in
tumours and is present in approximately 33% o f tumours. MSI was identified in all
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loci in at least one lesion. MSI is attributable to a reduction or loss in DNA replication
fidelity as a result o f chemical mutations or other mechanisms and has been proposed
as an alternative pathway to carcinoma formation (Thibodeau et al, 1993). MSI was
identified in SCCs and in the adjacent lesions in this work.

6.5.ii Clonality:
LOH and MSI appear to be events, which occur in not just the SCCs but also the
adjacent lesions. The adjacent lesions, which showed the same LOH or MSI as the
cancer, could indicate that these adjacent lesions are indeed clonal expansions, which
have resulted in neoplasia. LS appear to have a high frequency o f allelic change for a
non-neoplastic lesion. It has been shown in HNSCC that 31% o f benign squamous
hyperplasias and nearly all dysplasias and carcinomas in situ had loss o f a specific
allele (Califano et al, 1996). It has been demonstrated by Carlson et al (1998) that
33% o f LS are aneuploid. Duesberg (1998) proposed that aneuploidy is an important
mechanism for altering and destabilising the normal cell phenotype. Patient 111
showed that even LS not immediately adjacent to the SCC can demonstrate changes in
alleles.

6.5.iii Comparison of LOH in HPV negative vulval lesions to HPV positive vulval
lesions:
Other authors work:
There have been a number o f authors (Flowers et al, 1999; Pinto et al, 1999; Pinto et
al, 2000; Rosenthal et al, 2001; Rosenthal et al, 2002) who have compared HPV
positive and HPV negative cases for LOH and fractional regional loss (FRL) index
(total number o f regions with LOH/total number o f heterozygous regions). Flowers et
al (1999) compared LOH at seven 3p chromosomal regions, RBI (13ql4) and TP53
(17pl3.1), and showed that the FRL was statistically greater in HPV negative SCCs
than HPV positive SCCs. They also identified that this was also true for HPV
negative VIN III compared to HPV positive VIN III (p=0.002). Pinto et al (1999)
found no difference in MSI or allelic imbalance at a number o f chromosomal loci;
however, when comparing epithelial lesions often associated with SCC (VIN, dVIN,
SH and LS) they found that MSI was infrequent but confined to HPV negative lesions
(Pinto et al 2000), and that allelic imbalance was generally more frequently found in
HPV positive lesions, with the exception o f the 8p and 17p loci where allelic
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imbalance was either greater or equal in HPV negative lesions. Pinto et al (2000) also
identified allelic imbalance in epithelial lesions not adjacent to SCC. Rosenthal et al
(2001) examined VEM and SCC and divided them in to those that were HPV positive
or negative and found FRL greater in HPV positive lesions.

This work in comparison to others:
When comparing this work with these other studies a number o f chromosomal areas
have been replicated in other studies. TP53 will be discussed later. The RBI locus was
also studied by Flowers et al (1999) who showed that in HPV negative SCCs, 27%
showed an alteration in this locus compared to 30.8% HPV positive SCCs; in this
study 18.2% o f SCCs demonstrated an alteration at this locus. The RBI locus was
found altered in 16.7% o f high grade VIN (VIN III) that were HPV negative (with
none o f the positive group demonstrating an alteration; Flowers et al, 1999) compared
to 25% o f LS in this work.

22q and lOq (though different chromosomal regions) were also studied by Pinto et al
(1999) in the epithelial lesions and found in both loci that HPV positive lesions
demonstrated increased alterations at these loci compared to HPV negative lesions,
this present study showed increased alterations in NNEDV or NNEDV associated
SCC, in these loci presumably because different chromosomal areas were studied.

6.6 CONCLUSION:
SCCs associated with LS appear to show LOH in a number o f alleles, with LS
adjacent to SCC showing the same LOH or in some cases MSI indicating that they
are potentially from the same clone o f cells as the SCC.

Though it still remains unclear whether SCCs or lesions that are HPV negative are
more prone to chromosomal abnormalities than HPV positive lesions, though it
appears that HPV negative lesions are more prone to MSI.
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6.7. TP53:
6.7.: INTRODUCTION;

TP53 is located on chromosome 17pl3.1. The TP53 gene consists o f 11 exons with
10 introns. Exon 1 is non-coding, while exons 5 through to

8

are part o f the highly

evolutionarily conserved domain (domains i-v). The region containing amino acids
75-80 is a highly charged acidic region followed by a hydrophobic proline rich
domain (amino acids 80-150). This is followed by a highly charged basic region and
the carboxy terminus which contains amino acids 319-393 (Figure 48 a). The structure
o f TP53 consists o f a large /3-sandwich, which encompasses three loop-based elements
and is composed o f two anti-parallel /3 -sheets encompassing four and five jS -strands,
respectively. The first loop binds to DNA within the major groove and the second
loop binds to DNA within the minor groove. The fimction o f the third loop is to
stabilise the second loop.

Mutation in the TP53 gene is the most frequent genetic change in human cancers and
the spectrum o f mutation can indicate tumour aetiology and molecular pathogenesis
(Levine et al, 1991; Greenblatt et al, 1994). Detection o f TP53 mutations has
diagnostic, prognostic and therapeutic implications and can indicate if an adjacent
lesion is potentially from the same clone o f cells as the cancer.

The majority o f TP53 alterations are either due to mis-sense mutations or loss o f the
functional protein through nonsense/frameshift mutations, which can provide a
selective advantage for clonal expansion o f pre-neoplastic and neoplastic cells
(Figure 48 b; Vogelsten & Kinzler, 1993). TP53 is a transcription factor capable o f
regulating the expression o f a range o f downstream genes. It is a modulator protein
with several regions with distinct but inter-dependent functions (Soussi & May, 1996).
These regions allow the cell to respond to a number o f stresses by activating a series
o f genes whose products facilitate adaptive and protective activities including
apoptosis (Hall et al, 1996; Levine, 1997).
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The position o f the mutations in the TP53 gene may alter its biological activity by
altering its interaction with other cellular and viral proteins. In addition some TP53
mutants lose the ability to perform transcriptional activity and/or are unable to bind to
the DNA (Prives & Hall, 1999). Sequencing has identified five highly conserved
domains, four o f which fall within exons 5-8 (Hollstein et al, 1991) where most o f the
mutations occur.

The aim was to assess the presence o f TP53 mutations in SCC and the adjacent
lesions, to compare the results o f the mutations with LOH and IHC results (which
have been described in Chapter 4) and to assess if the mutations provide an answer to
the clonality o f SCC and the adjacent lesion. A correlation was also performed with
clinicopathological parameters, including survival.

6.8. MATERIALS AND METHODS:
Thirty-two patients with SCC were selected. Twenty-four patients had adjacent
epidermis available for microdissection, 17 had NNEDV (LS and/or SH), 2 had
normal epidermis adjacent and 5 had adjacent VIN, with 2 o f these also having normal
epidermis adjacent to the VIN and SCC. All had IHC for p53 performed as described
previously and the results are shown in Chapter 4 along with all clinical details which
are shown in Appendix table Iliii.

TP53 mutation analysis from paraffin sections was performed as described in Chapter
2, Table VIII, with microdissection o f individual lesions using a sterile technique as
described in Chapter 2, Section 2.2.Ü. A proteinase K DNA extraction process over
twenty hours and PCR using commercially available primers was performed. The
PCR product along with the positive control (DNA from blood) and a negative control
(DNA omitted and sterile double distilled water substituted) were run on a 10%
polyacrylamide gel to detect the presence o f PCR product and to assess for
contamination. PCR products were cleaned using Qiagen PCR purification kit (for
ABI prism sequencing) and the products were then sequenced using a Li-Cor (crude
PCR product) machine or ABI Prism. Both upstream and downstream strands were
sequenced when possible.
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Loss o f heterozygosity for TP53 was performed on eleven samples as shown in Table
XXI, using a radioactive PCR method as described in Chapter 2, Section 2.2.vii.b

6.9. RESULTS:
6.9.i TP53 mutations in SCC and adjacent lesions:
Results are summarised for each patient in Appendices III vi and vii along with IHC
results and, where it could be performed, LOH for the TP53 gene (Table XXII). Table
XXIII demonstrates the various codons in this work which showed mutations. The
results were then correlated with survival outcome and recurrences.

Seventy-eight percent o f the SCCs showed a mutation compared to 53.3% o f the LS
lesions (two patients had more than one LS lesion analysed), 33.3% o f the SH, 40% o f
VIN, 50% o f the ‘shoulder o f the SCC’ (area immediately adjacent to SCC which is
thickened and often between a benign lesion and SCC). None o f the adjacent normal
epidermis showed mutations.

Mutations were found in 7 codons (136, 213, 214, 234, 235, 244 and 248), 3 were
nonsense mutations, 4 were mis-sense mutations and 3 were polymorphisms. 44%
(34/69) o f the lesions identified showed the same mutation in codon 136, resulting in a
termination codon (Figure 49).

6.9.ii Correlation with clinicopathological data (including survival):
There was no statistically significant difference in any clinicopathological parameters
with TP53 mutational status. There was no statistical difference in survival when
comparing SCC with mt TP53 and those with wt TP53 (p=0.59) (Graph 8 a) though
tumours with wt TP53 showed a better survival up to

6

years. When comparing mt

TP53 and wt TP53 with recurrence rates, again there was no statistical difference
between the two groups (p=0.53) (Graph 8 b). There was also no statistical
significance in survival (p=0.9) or recurrence rates (p=0.55) when comparing missense mutations with nonsense mutations or when comparing specifically codon 136
changes with other mutations (p=0.7; p=0.3). There was also no statistical difference
in survival when comparing the samples containing a mutation in codon 136 and wt
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Figure 48b: The role of altered p53 in tumour development.
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TP53 (p=0.7), though wt TP53 showed a better survival. This was also demonstrated
when comparing recurrence rates (p=0.3) (Graph 9).

6.9.iii Clonality analysis by mutation :
Eleven cases showed identical mutations in the SCC and the adjacent lesion,
indicating a potential clonal expansion and progression . Patient 127 the SCC was
identified as having two separate mutations, one mutation was identified in one
adjacent lesion (shoulder) and the other mutation was identified in the other adjacent
lesion (LS).

6.9.iv Correlation of sequence and IHC data:
Protein over expression (using IHC) was demonstrated in 75% (24/32) o f this subset
o f SCCs and in 35% o f the adjacent lesions (13/37) (p53 over expression is discussed
in Chapters 3 & 4). 56.2% (18/32) o f SCCs showed over expression o f p53 along with
mt TP53, this was compared to 21.8% (7/32) o f SCCs which were identified as having
a mt TP53 but did not show over expression o f the protein.

6.9.V TP53 LOH analysis:

Changes in the TP53 locus were demonstrated in 50% o f the SCCs (4/8) with three
patients being non-informative and therefore unable to provide a result. There were
eleven adjacent NNEDV lesions 45.5% (5/11) showing a loss o f an allele or a change
in the allele pattern (Figure 50). Three o f the SCCs showing a change in allele pattern
also demonstrated mt TP53 while only one (9%) adjacent lesion demonstrated both a
mutation and a change in allele pattern (patient number

1 1 1 ).

6.10 COMPARISON OF HPV POSITIVE AND HPV NEGATIVE LESIONS:
6.10.1 TP53 chromosomal alterations:
TP53 in this work showed that 50% o f informative SCCs (associated with NNEDV)
demonstrated an alteration in this locus this was also demonstrated by Rosenthal et al
(2001) in SCCs which were HPV negative, while Flowers et al (1999) demonstrated
61.5% o f HPV negative SCCs showed an alteration in this locus compared to HPV
positive SCCs which showed 15.4% (Flowers et al 1999) and 30% o f HPV positive
SCC (Rosenthal et al, 2001).
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Figure 49: The TP53 sequence for part o f the reverse strand o f exon 5. The R
demonstrates a heterozygous mutation in codon 136. This sequence was produced
from LS adjacent to SCC. The green peak indicates an A which in wt TP53 is a G
(small red peak). This sequence was confirmed by analysis o f the forward strand and
repeat PCR and sequencing.
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Figure 50: LOH o f TP53 in SCC. The red arrow indicates the loss of a band
demonstrating LOH in SCC compared to the adjacent lesions.
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Figure 51 : The TP53 sequence from SCC for exon
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demonstrating a mutation. The T

should be a C as indicated in the figure. The mutation was confirmed by repeat PCR
and sequencing.
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TP53 LOH in vulval lesions were demonstrated in 34% o f lesions whether positive for
HPV or not by Pinto et al (1999) this is similar to Rosenthal et al (2001) who
demonstrated that approximately 30% o f the HPV positive VIN showed an alteration
at this locus, while Flowers group (1999) showed 14.3% o f HPV negative high grade
lesions (VIN III) had a TP53 alteration. This work showed that 57% o f adjacent LS
and 50% o f adjacent SH demonstrated alterations in this locus.

6.10.11 TP53 mutations:
40% (2/5) o f VIN adjacent to SCC demonstrated a TP53 mutation and were HPV
positive compared to 66.67% (2/3) o f SCC which were found to have both a TP53
mutation and were HPV positive in this study. Other studies have suggested that the
incidence o f both a TP53 mutation and HPV infection are rare: Flowers et al (1999)
demonstrated that 27% o f HPV negative SCCs had a TP53 mutation compared to 13%
o f HPV positive SCCs and Lee et al (1994) showed only 8 % o f HPV positive SCCs
had a TP 53 mutation compared to HPV negative lesions which showed 44% having a
TP53 mutation. Milde Langosch et al (1995) demonstrated that 45.5% o f HPV
positive SCCs and 55.2% o f HPV negative SCCs showed TP53 mutations. Though
HPV analysis was not performed on SCCs associated with NNEDV in this study,
SCCs associated with NNEDV showed an increase in TP53 mutations 82.4% (14/17)
compared to SCCs associated with VIN 60% (3/5).

6.11 DISCUSSION;
6.11.1 TP53 mutations in SCC:
Seventy-eight percent o f the SCCs in this study showed a mutation in the TP53 gene
(Figure 51). Oral mucosa squamous cell carcinoma has shown an incidence o f 81%
(Greenblatt et al, 1994). It is possible that those SCCs where no TP53 mutations could
be identified could have mutations outside exons 5-8 o f the TP53 gene, though it has
been estimated that less than 5% o f mutations occur outside this highly conserved
area.

This work has demonstrated a higher percentage o f SCCs with a TP53 mutation than
other authors, which have shown a range o f 32%- 58% (Lee et al, 1994; Milde
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Langosch et al, 1995; Pilotti et al, 1995; Kim et al, 1996; Sliutz et al, 1997; Flowers et
al, 1999; Ngan et al, 1999) (Table XXIV).

There are many reasons why this work found increased mutations compared to other
authors; the majority o f the patients studied were SCCs associated with NNEDV and
the group o f SCC’s studied here were from older patients compared to other studies.
Twenty-five percent (8/32) were recurrent SCCs and it has been previously stated that
recurrences have increased TP53 mutations (Lee et al, 1994). A number o f authors
had not used direct sequencing but had used techniques based on the altering
electrophoretic mobility o f mutations compared to the wt gene e.g. single-strand
conformation polymorphism (Ngan et al, 1999) and temperature gradient gel
electrophoresis ( Sliutz et al, 1997). These techniques have been shown to have a
sensitivity and specificity o f approximately 90% depending on the technique.

6.11.ii The TP53 mutation profile in SCC:
The mutation profile in the TP53 gene can indicate the potential cause o f the mutation,
e.g. UV light shows mutations at di-pyrimidine sites that are characteristically
C C ^ T T base changes, and can indicate if the cause is exogenous or endogenous.
Three codons (213, 244 and 248) from this work were from CpG sites, other authors
have shown (Table XXV) that CpG sites are important regions for mutation in SCC,
since nine other codons contained mutations from CpG sites (152, 159,202, 245, 273,
282, 283,288). It appears from other studies that the usual mechanisms by which
G:C->A:T transitions arise at CpG sites in human tissue is through the deamination o f
5-methylcytosine. There are seven sites (codons 175,196, 213, 245, 248, 273 and
282) which account for 90% o f the CpG transitions or 21% o f all TP53 mutations
(Greenblatt et al, 1994). Work by others (Greenblatt et al, 1994) has shown that CpG
transitions can acquire a selective growth advantage, e.g. at codons 248 and 273 both
C:G->T:A and G:C-^A:T transitions occur, implying that the amino acid changes
(Arg->Trp and Gin at 248, A rg ^ C y s and His at 273) result in a selective advantage.
However, at codons 175 and 282 only one o f the mutations provides a selective
advantage (codon 175: Arg->His; codon 282: Arg-^Trp). Work by Soussi et al (in
Greenblatt et al, 1994) has shown that mutations in these codons in sarcoma cell lines
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Graph 8a and 8b: Over all survival and SCC recurrences comparing TP53 mutations
and wt TP53 in SCC.
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Graph 9: wt TP53 and codon 136 mutation compared with overall survival.
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may not necessarily assume mutant conformation (codon 248 and 273) but do result
in mutant transactivation.

Transitions at CpG sites are probably caused by endogenous processes. It is believed
that méthylation o f CpG sites and the level o f spontaneous deamination may differ
in various cell types. A further possibility is tissue difference in the repair process.
There are many endogenous processes that could result in a carcinogenic process,
which have in part been attributed to cell proliferation (Ames & Gold, 1990). Tissue
regeneration after toxicity could increase the frequency o f mutation from replication
errors. Other processes, such as inflammation, oxygen radical damage accompanying
tissue injury, and a flux o f macrophages may contribute to the mutation frequency
(Harris et al, 1978).

A further indication that many o f the mutations in SCO may be due to an endogenous
process or processes is that the majority o f mutations found are transitions (5/8 o f my
work and 31/48 in all mutations recorded in SCC). Transition mutations are believed
to be caused from arising spontaneously as a result o f an endogenous mutagenic
process rather than exposure to a carcinogen (Sommer, 1990; Jones et al, 1991). As
SCC, especially SCC associated with NNEDV, is traditionally a disease o f old age
(Zaino, 1987), it is possible that the spontaneous mutations are as a result o f an
ageing cell population. In epithelial ovarian cancer it has been suggested that the
mechanism for TP53 gene mutation is the proliferation during repair after ovulation,
which may increase the risk for mutation (Preston-Martin et al, 1990; Berchuck et al,
1994).

Cancers most commonly arise in old age and most show a linear relationship between
log age and log incidence (Key et al, 1997). It is possible that SCC associated with
NNEDV is due to the symptoms o f the disease and the damage that may occur
through scratching. This work has demonstrated that there is increased proliferation
(demonstrated by IHC in Chapters 3 & 4) to allow for the repair process, so that a
spontaneous mutation may occur (Hietanen et al, 1995). A further endogenous process
that could cause the mutations in the TP53 gene is through the inflammatory process
(Carlson et al, 1998). This could be caused by the oxidative damage o f free radicals
generated by the process o f inflammation. The inflammatory infiltrate o f LS has been
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shown to possess in excess o f 10% of macrophages (Tsang and Chan, 1992; Carlson
et al, 1997) which, if activated, are capable o f producing free radicals that have been
shown to have a mutagenic activity (Weitzman and Stossel, 1981; Weitberg et al,
1983).

The nonsense mutation at codon 136, which was demonstrated in 44% (31/69) o f the
lesions studied, results in a C A A ^T A A , Gln->stop. Up to 1996 there had been ten
reports o f this nonsense mutation in sporadic tumours (Hollstein et al, 1996) though a
nonsense mutation in this codon has been demonstrated in actinic keratosis (Ziegeler
et al, 1994), HNSCC (Chung et al, 1993), oesophageal carcinomas (Huang et al,
1993), familial breast cancer (Glebov et al, 1994), ovarian cancers (Wen et al, 1999)
and a germline mutation (Varley et al, 1997).

6.11.1:1. TP53 mutations and clinicopathological parameters:
TP53 mutations have been shown in some cancers to correlate with a more aggressive
behaviour (Dowell & Hall, 1994). This is believed to be due to the fact that such
mutations may correlate with other indicators o f poor prognosis, e.g. aneuploidy, high
proliferation rate and gene amplification. A further effect is that mt TP53 has a role in
the treatment o f cancer. Both chemotherapy and radiation are used to treat cancer,
they exert an effect by inducing DNA damage, triggering apoptosis. However,
because the p53 protein is critical to apoptosis, cancers which do not have a functional
TP53 gene will not be sensitive to treatment (Lowe et al, 1994). Sliutz et al (1997)
found that the patients with TP53 mutations in SCC showed a shorter disease-free
survival (p=0.002) and overall survival (p=0.0006). In this work, wt TP53 appeared to
have better survival and recurrence rate, though there was no statistically significant
difference demonstrated.

6.11.iv TP53 mutations in adjacent lesions:
This is the first large study that has looked at mutations in lesions adjacent to SCC.
Milde Langosch et al (1995) examined VIN adjacent to SCC and found mutations in
the adjacent YIN but only in one LS lesion adjacent to SCC. This work has found
mutations in 53.3% o f LS, 50% o f the area immediately adjacent to SCC which was
often a thickened area (shoulder) between other lesions and the SCC, 33.5% o f SH
and 40% o f YIN. Alterations in the p53 pathway are generally regarded as occurring
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prior to invasion o f the basement membrane in tumours o f the lung, oesophagus, head
and neck, breast and cervix and as a late event (i.e. after invasion has occurred) in
ovarian cancer. In ulcerative colitis and other inflammatory conditions, TP53
mutations and allelic deletion have been found in the earliest recognised dysplastic
lesions (Burmer et al, 1991; Burmer et al, 1992; Yin et al, 1993). This work on SCC
has indicated that TP53 mutations do appear to be early events with 73% (7/11)
identified as showing the identical TP53 genotype as the adjacent SCC.

SH and the area termed the ‘shoulder’, were unexpected with only 33% o f the SH
showing mutations and 50% (2/4) o f the ‘shoulder’ area. One SH showed the same
mutation as the adjacent SCC and LS (patient 83), while another showed mutations in
two exons (exons 7 and 5) with the adjacent SCC only showing a mutation in exon 5
(Patient 120). Another patient (number 126) showed SCC with mutations in exon 5
and 7 but the SH only showed a mutation in exon 7. The low percentage o f mutations
in both SH and the ‘shoulder’ could be through more contaminating cells being
present, e.g. inflammatory cells in the thickened epidermis, even with the use o f
microdissection. A further explanation is the amount o f kératinocytes microdissected
in these thickened lesions. Ren et al (1996) describe the epidermis as being composed
o f epidermal proliferative units each derived from a single stem cell. It is these stem
cells that probably harbour the mutations which are then passed on to the daughter
cells. It has been previously proposed that the stepwise progression o f replacement o f
normal squamous epidermis by atypical kératinocytes does not occur in SCC
associated with LS; rather the atypical features are confined to the basal and parabasal
layers. Hence SCC arising firom LS may arise directly from basal kératinocytes which
invade the underlying epidermis (Carlson et al, 1998).

6.11.y Correlation of sequencing and IHC data:
IHC showed over expression in 75% o f this subset o f SCC; IHC was able to detect
over expression and therefore potential mt TP53 in 69% o f cases, but was unable to
detect wt TP53 (<10% IHC) in SCC with 66.7% o f SCC demonstrating over
expression o f p53 having wt TP53. In adjacent epidermis IHC was able to detect wt
TP53 compared to mt TP53. However, Greenblatt et al (1994) stated that IHC would
be less sensitive in detecting nonsense mutations.
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The antibody used, DO-7, is known to attach to the amino terminus o f the human p53
protein at epitope location 21-25 (Vojtesek et al, 1992; Stephen et al, 1995) and is
therefore able to detect the over expression o f both wt and mt p53. The antibody
detects a stabilised form o f the protein which, if not stabilised through mutation, is
stabilised through other means which results in an interruption o f the degradative
pathway o f wt TP53 (Wynford-Thomas, 1992). W ild type p53 is known to be
stabilised by Mdm-2 (Oliner et al, 1993). However, it has been shown that this is not
the case in these SCCs (see Chapter 4). p53 can also be stabilised by the growth arrest
DNA inducible gene GADD-4( Kastan et al, 1992). There may be other methods
which stabilise the protein resulting in over expression and therefore a disturbed
function o f p53, which have yet to be elucidated.

6.11.vi TP53 LOH and MSI:
Knudsen (1971) established a two-hit model for tumour suppressor genes , where
mutation o f one allele is followed by deletion o f the second allele. However, recent
data has suggested that there are alternative models for tumour suppressor genes. Only
37.5% o f SCCs demonstrated both mt TP53 and a change (LOH) in the TP53 allele
with only one LS patient showing both mutation and allele change. Ren et al (1996)
found in skin cancer that LOH or a mutation only occurred in squamous cell
carcinoma o f the skin or its precursor. MSI in this study was recorded in one patient in
all four lesions (patient number 111): SCC, LS immediately adjacent to SCC, SH
adjacent to SCC and LS a distance from SCC and allelic imbalance was demonstrated
in two LS lesions (patients 119 and 121). Therefore LOH and mt TP53 does not
appear to be essential for tumour progression in SCC.

6.12 X-CHROMOSOME INACTIVATION;

The method employed in this work was recently described by Kubota et al (1999).
This is a novel strategy independent o f the use o f methylation-sensitive enzymes. The
assay involves chemically treating the DNA with sodium bisulfite to convert all the
unmethylated, but not methylated, cytosines to uracil. This is followed by PCR
amplification with primers specific for methylated versus unmethylated DNA. This
method has been widely used to assess méthylation patterns in tumour suppressor
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genes (pi 5, p i

in cancers (Herman et al, 1996) and in the diagnosis o f fragile

X-syndrome (Das et al, 1998). The details o f the method are discussed in Chapter 2
Section 2.2.ix and primer details are given in Table VIII.

Using both archival and frozen tissue it was not possible to amplify complete sets for
tumours and therefore it was not able to determine the X-chromosome inactivation. It
was thought that the quantity and quality o f the DNA was not sufficient to be able to
obtain adequate results.

6.13 CONCLUSION:
These data suggest that TP53 mutations develop in ‘pre-m alignanf LS and are
intrinsic to the clonal evolution that leads to SCC, as the multiplicity o f TP53
mutational events indicates that identical mutations are unlikely to occur
independently (Greenblatt et al, 1994). SCCs associated with LS appear to show LOH
in a number o f alleles, with LS adjacent to SCC showing the same LOH or in some
cases MSI, indicating that they are potentially from the same clone o f cells as the
SCC. However loss o f TP53 through both LOH and mutation appears to occur only
rarely in NNEDV and SCC.

It appears that HPV positive and HPV negative SCCs share a number o f chromosomal
alterations in the pathogenesis o f SCC (e.g. R B I) and that HPV positive SCCs appear
to have increased FRL. However alterations in the TP53 locus appear to play an
important role in the development o f HPV negative SCCs and lesions associated with
HPV negative SCCs (e.g. LS and SH). It also appears that TP53 mutations in SCCs
which are HPV negative and/or associated with NNEDV play a part in the
pathogenesis o f cancer with mutations in lesions adjacent to SCC.

6.14 FUTURE WORK:
To increase the number o f SCCs and NNEDV lesions and increase the number o f loci
to assess for LOH and microsatellite instability. To use laser capture in SH and the
shoulder area on the basal/para basal area to asses if these cells contain mt TP53. In
those SCCs that are negative for mutations in exons 5 to

8

it would be valuable to

assess the role o f mutations outside these exons in SCC. To assess the role o f TP53
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mutations in LS not adjacent to SCC and to consider the function o f screening using
single nucleotide polymorphism analysis (for codon 136) in LS, with TP53 chips.
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Study number
33
83

89

107
111

118

119
121
127

129
131

133
144

Lesion
SCC
SCC
SH
LS
SCC
SH
LS
SCC
SCC
LS
SH
LS*
SCC
SHO
LS
SCC
LS*
SCC
LS
SCC
SHO
LS
SCC
SCC
SHO
LS
SCC
LS
SCC

Tp53
not worked
LOH
Ret
Ret
Not informative
Not informative
Not informative
Not worked
MSI
MSI
MSI
MSI
Ret
Ret
Ret
Allelic imbalance
Allelic imbalance
Ret
Allelic imbalance
Ret
Ret
Ret
LOH
Not informative
Not informative
Not informative
Not informative
Not informative
Ret

9q34.1
Not worked
MSI
Ret
Ret
Not worked
Not worked
Not worked
Not worked
MSI
Ret
Ret
Ret
Ret
Ret
LOH
Ret
Ret
Not informative
Not informative
MSI
MSI
MSI
Not informative
Ret
Ret
Ret
Not informative
Not informative
Not worked

Rb
Ret
LOH
Ret
Ret
Ret
Ret
Ret
Ret
Ret
Ret
Ret
Ret
Ret
Ret
LOH
Ret
Ret
MSI
MSI
Ret
Ret
Ret
Not worked
Ret
Ret
Ret
Ret
Ret
Not worked

9q34.
Not worked
Not informative
Not informative
Not informative
Ret
Ret
Ret
Not worked
MSI
MSI
Ret
Ret
Not informative
Not informative
Not informative
Not worked
Not worked
Ret
Ret
Not informative
Not informative
Not informative
Not worked
Allelic imbalance
Ret
Ret
Ret
Ret
Not worked

10q24
Not informative
MSI
Ret
MSI
LOH
LOH
LOH
Not informative
Ret
LOH
Ret
Ret
Not worked
Not worked
Not worked
Not worked
Not worked
Ret
Ret
Not informative

22 q ll.2
Not informative
LOH
LOH
LOH
LOH
LOH
LOH
Not informative
MSI
MSI
Ret
Ret
Not worked
Not worked
Not worked
Ret
Ret
Ret
LOH
Not informative

Not informative
Ret
Ret
Ret
MSI
MSI
Not informative

Not informative
Ret
Ret
Ret
Not worked
MSI
Not informative

Ret: retention o f allele; MSI: microsatellite instability; LOH: loss o f heterozygous; SHO: shoulder, *= LS not immediately adjacent to SCC.

TaWe XXI: LOH results.
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Study number
33
83

84
86
88
89

96
97
99
100
107
108
109

111

113

114
115
117
118

119
120
121
124
126
127

129
130
131

132

133
135
144

Lesion
SCC
SCC
SH
LS
SCC
SCC
LS
SCC
N
LS*
LS*
SCC
LS
SH
SCC
SCC
N
SCC
SH
SCC
SH
SCC
SCC
VIN
SCC
VIN
N
SCC
LS
SH
LS*
SCC
Sho
SH
LS
SCC
SH
SCC
LS
SCC
YIN
SCC
Sho
LS
SCC
LS*
SCC
SH
SCC
LS
SCC
VIN
SCC
SH
SCC
Sho
LS
SCC
SCC
SCC
Sho
LS
SCC
VIN
N
SCC
LS
SCC
SCC

IHC
Positive
Positive
Positive
Positive
Negative
Positive
Negative
Positive
Negative
Negative
Positive
Positive
Positive
Positive
Negative
Positive
Negative
Positive
Negative
Negative
Negative
Positive
Positive
Positive
Positive
Positive
Negative
Positive
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Positive
Negative
Positive
Positive
Positive
Negative
Positive
Positive
Positive
Positive
Negative
Negative
Negative
Positive
Negative
Positive
Positive
Negative
Negative
Negative
Negative
Negative
Positive
Positive
Negative
Negative
Negative
Positive
Positive
Negative
Positive
Positive
Positive
Positive

Exon (s) with mutation
Exon 5 & 7
Exon 5
Exon 5
Exon 5
Exon 5
Exon 5
Exon 5
Exon 5
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Exon 5 & 7
Exon 5
Wild type
Exon 5
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Exon 5
Exon 5
Wild type
Exon 5
Exon 5
Wild type
Wild type
Exon 5
Wild type
Wild type
Exon 5
Exon 5
Wild type
Exon 5 & 7
Exon 5 & 7
Wild type
Wild type
Wild type
Wild type
Wild type
Exon 6
Wild type
Exon 5
Exon 5 & 7
Exon 5
Wild type
Exon 6
Wild type
Exon 5 & 7
Exon 7
Exon 5 & 7
Exon 7
Exon 5
Exon 7
Exon 5 & 7
Exon 6
Exon 5
Wild type
Exon 5
Exon 5
Wild type
Exon 5
Exon 5
Wild type
Exon 5

LOH in p53
Not performed
LOH
Ret
Ret
Not performed
Not performed
Not performed

Not informative
Not informative
Not informative
Not performed
Not performed
Not performed
Not performed
Not performed
Not performed
Not performed

MSI
MSI
MSI
MSI
Not performed

Not performed
Not performed
Not performed
Ret
Ret
Ret
Allelic imbalance
Allelic imbalance
Not performed
Retention
Allelic imbalance
Not performed
Not performed
Ret
Ret
Ret
LOH
Not performed
Not informative
Not informative
Not informative
Not performed

Not informative
Not informative
Not performed
Ret

Table XXII: p53 results ]ibr LOH, IHC and mutations.
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Exon

Codon

Base change

Amino acid change

5

7

136
213
214
234

C -> T
C -> T
C -> G
C
A

Gin -> Stop
Arg
Stop
His
Asp
Tyr
Stop

Transversion/
Transition
Transition
Transition
Trans version
Transversion

7
7
7
7

235
244
248
258

A -^ G
C -^ T
G -^ A
A -> G

Asn -> Thr
Gly -> Gly
Arg -> Gin
Glu -> Glu

Trans version
Transition
Transition
Transition

6
6

CpG site
No
Yes
No
No
No
Yes
Yes

Table XXIII: Codons in this work found to be mutated
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Author

Materials and methods

Results

Pilotti et al,
1993

VIN (n=5) and SCC (n=9); ? methodology.
SSCP those that showed electrophoretic shift were then
sequenced. Also looked at IHC.
SCC(n=20) - frozen and archival tissue.
No microdissection.
SSCP those showed electrophoretic shift were then sequenced.
8 vulval cell lines, TP53 exons 5-9.
SSCP those showed electrophoretic shift were then sequenced.
SCC (n=40), pre-invasive lesions, recurrences and métastasés
along with cervical cancer.
PCR. Archival and frozen tissue.
No microdissection.
TGGE then sequencing o f mutant.
Also looked at HPV.

-No mutations in any VIN
- 4 mutations in SCC all were HPV negative

Lee et al, 1994

Hietanen et al,
1995
Milde Langosch
et al, 1995

- One HPV positive lesion showed mutation in p53
- 44% o f the negative HPV lesions showed a mutation
- Only one had lost both normal alleles rest heterozygous
5 vulval cell lines showed mutation,
4 cell lines found to have LOH
-57.5% p53 mutation- 50% if polymorphisms excluded
-3 cases 2 exons were affected
-mutant p53 preferentially found in cancer associated with LS
-observed in HPV positive & negative lesions
-Correlation with IHC low at 50%
-3 cases o f VIN all contained mutant p53- mutation identical to that in SCC & 4
cases o f LS one showed a mutation. Recurrences showed mutations in exon 7
-7% cancers not associated with VIN showed mutation
- wt p53 was retained in 5 samples
- Mutations were higher in lesions where there was positive métastasés

Pilotti et al,
1995

SCC (n=29)- frozen and archival. No microdissection.
SSCP and those that showed an electrophoretic shift were then
sequenced.

Kim et al, 1996

Fresh tissue and archival tissue (n=18). Microdissected.
Sequenced by dideoxynucleotide chain termination method.

-22.2% o f SCC showed p53 mutations all were found in HPV negative
carcinomas all associated with SH
-No p53 mutations were found in normal epithelium or SH

Sliutz et al,
1997
Flowers et al,
1999

SCC (n=38). Archival tissue- no microdissection
PCR & TGGE .
15 HPV positive SCC, 15 HPV negative SCC, adjacent lesions
(n=32; VIN) and normal epidermis (n=l 1).
LOH at seven 3p regions, 13ql4 (RB), 17pl3.1 (p53) HPV
sequences and p53 mutations. Microdissection, SSCP.
Fixed tissue. No microdissection.
SSCP those showing an electrophoretic shift were direct
sequenced.

-32% (12/38) SCC showed mutations
-3 cases showed mutations in 2 exons
14/15 o f HPV positive had HPV sequences
greater allelic loss in HPV negative SCC than in HPV positive
20% SCC found p532 mutations, greater allelic loss at TP53 loci especially in
HPV negative SCC
- PCR those with positive immunohistochemistry
- 21% showed an electrophoretic shift- 12 mutations
- 20% o f the HPV negative lesions showed a p53 mutation & 22% o f the HPV
positive showed a mutation

Ngan et al,
1999

Table XXIV: Other authors work.
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Exon
5
5
5
5
5
5
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
6
7

Codon
134
136
146
147
151
151
152
155
156
159
168
171
173
182
192
202 ( wrong codon in paper)
205
213
213
213
214
219
221
234

C -^ T
C —^ A
C -> T
C -> T
G -^ A
C -> T
A -> C
G ^T
G ^T
A^G
C^T
G -> A
A -> G
C -> T
G ^A
A^G
C^G
C -» A
G ^A
C —^ A

Amino acid change
Phe
Leu
Gin -> stop
Trp->stop
V al->
Pro -> Ser
Pro -> His
Pro —> Leu
Ihr —^ lie
Arg -> His
Ala
Val
His -> Pro
Glu -> Stop
Val -> Leu
C ys^T ry
Gin -> Stop
Arg
His
Tyr
Cys
Arg
Stop
Arg -> Gin
A rg -> Arg
His -> Asp
Pro —> Thr
Glu ->Glu
Tyr -> Stop

7
7
7
7
7
7
7
7

235
237
244
244
245
245
248
249

A -> G
G ^ A
G ^T
C -4-T
G -> A
G -> A
G -^ A
G -> -

Asn —>Thr
Met -> He
Gly -> Val
Gly
Gly
Gly
Asp
Gly -> Ser
Arg
Gin
Stop at 344

Base change
C -> T
C^T
G-> A

Tv/Ts
Ts
Ts
Ts

CpG
No
No
No

Ts
Tv
Ts
Ts
Ts
Ts
Tv
Tv
Tv
Ts
Ts
Ts
Ts
Ts
Ts
Ts
Tv
Tv
Ts
Tv

No
No
Yes
No
Yes
Yes
No
No
No
No
No
Yes
No
Yes
Yes
No
No
No
No
No

Tv
Ts
Tv
Ts
Ts
Ts
Ts

No
No
No
Yes
No
Yes
Yes

Author
Sliutz et al, 1997
Rolfe et al, 2001
Flowers et al, 1999
Flowers et al, 1999
Sliutz et al, 1997
Hietanen et al, 1995
Kim et al, 1996; Pilotti et al, 1995
Hietanen et al, 1995
Flowers et al, 1999
Pilotti et al, 1995
Lee et al, 1994
Hietanen et al, 1995
Lee et al, 1994
Flowers et al, 1999
Milde Langosch et al, 1995
Ngan et al, 1999
Sliutz et al, 1997
Pilotti et al, 1995; Rolfe et al, 2001
Sliutz et al, 1997; Milde Langosch et al, 1995
Milde Langosch et al, 1995
Rolfe et al, 2001
Sliutz et al, 1997
Sliutz et al, 1997
Milde Langosch et al, 1995; Rolfe et al, 2001
Rolfe et al, 2001
Milde Langosch et al, 1995
Sliutz et al, 1997
Rolfe et al, 2001
Sliutz et al, 1997
Kim et al, 1996; Hietanen et al, 1995
Milde Langosch et al, 1995; Rolfe et al ,2001
Hietanen et al, 1995
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Exon
7
8
8

Codon
258
272
273

Base change
A^G
G ^A
C -> T

Amino acid change
Glu
Glu
Val
Met
Arg -> Cys

Tv/Ts
Ts
Ts
Ts

CpG
No
No
Yes

8
8
8
8
8
8
8
8
8
8
8
8
8
8
8

273
274
275
278
279
282
282
283
283
285
285
286
290
297
314

G -^ A
G ^T
G ^T
C-^T
G ^T
C -> T
G ^A
C^T
G -^ A
G -> A
G ^T
G ^T
G -^ T
A^C
C -> T

Arg -> His
Val
Phe
Cys -> Phe
Pro -> Ser
Gly —> Trp
Arg -» Trp
Arg
Gin
Arg
Cys
Arg -4- His
Glu ->Lys
Glu —>Stop
Glu -> Stop
Arg
Leu
His -> Pro
Ser -4 Ser

Ts
Tv
Tv
Ts
Tv
Ts
Ts
Ts
Ts
Ts
Tv
Tv
Tv
Tv

Yes
No
No
No
No
Yes
Yes
Yes
Yes
No
No
No
No
No

Author
Rolfe et al, 2001
Sliutz et al, 1997
Sliutz et al, 1997; Hietanen et al, 1995
Pilotti et al, 1995
Sliutz et al, 1997; Ngan et al, 1999
Milde Langosch et al, 1995
Pilotti et al, 1995
Flowers et al, 1999
Lee et al, 1994
Kim et al, 1996
Sliutz et al, 1997
Milde Langosch et al, 1995
Ngan et al, 1999
Lee et al, 1994
Kim et al, 1996
Sliutz et al, 1997
Sliutz et al, 1997
Lee et al, 1994
Hietanen et al, 1995

Table XXV: Codons in all vulva cancers for p53 mutations.
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Chapter seven:

p2 j^wan/cipi

p53 in vulval lesions.

7.1 INTRODUCTION:
As described in Chapter 1 (Section 1.5.i) cyclins play an important role in promoting
the cell cycle transition via the ability o f the cyclins to bind to the cyclin dependent
kinases (CDKs). It has been demonstrated that the G1 cyclins are implicated in
controlling the passage through the restriction point (between the G1 and S phases o f
the cell cycle; Quelle et al, 1993). Once past the restriction point, the cells are
committed to a round o f cell division (Pardee, 1989).

Cyclins and CDKs exert positive growth control by regulating the phosphorylation o f
pRb. The amount o f pRb does not alter throughout the cell cycle but its
phosphorylation state does. Hypophosphorylated pRb arrests the cell cycle (Hinds &
Weinberg, 1994) and it is only when the pRb is phosphorylated that the protein
undergoes a conformational change which releases E2F and then allows the cell to
progress into the S phase o f the cell cycle.

A further group o f proteins involved in control o f the cell cycle are the cyclin
dependent kinase inhibitors (CKIs; described in Section 1.5.i). The expression o f
p21^^fi/cip\ part o f the Kip/Cip family o f CKIs, is regulated by p53. In normal nontumorigenic human cells

exists as a quaternary complex with a cyclin,

CDK and PCNA (Zhang et al, 1993). The activity o f the kinase is dependent on the
amount o f

in the complex. p21^^^^^'P^ has also been shown to be

implicated in DNA replication and repair by means o f its interaction with PCNA
(Waga et al, 1994).

The p2l^^^^*^’P^ gene is induced by p53 (El-Diery et al, 1993), transforming growth
factor jS (TGF- /?; Datto et al, 1995) and senescence (Noda et al, 1994). The mutation
and/or over expression o f p53 are found in SCC and adjacent lesions (as demonstrated
in Chapters 4 and 6); however, the downstream regulation by p53 in SCC and the
adjacent lesions is not understood. The aim o f this chapter was therefore was to assess
the expression o f p21^^^^^’P^ in association with TP53 mutations. This chapter
examines the mutation profile o f TP53 (as described in Chapter 6) and its association
with the IHC expression o f p53 and p21^^^^^'P^ (as described in Chapter 4). The
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purpose was to explore the role o f p53-regulated

expression in SCC and

adjacent vulval lesions.

7.2 MATERIALS AND METHODS:
7.2.i Patient details:
Thirty-one SCCs were selected; 15 had adjacent LS, 9 had adjacent SH, 5 had
adjacent VIN and 3 had adjacent normal vulval epidermis.

7.2.Ü Methods:
IHC for p53 and

expression was performed along with TP53 mutational

analysis by PCR and direct sequencing. IHC was performed as described in Chapter 2
(Section 2.2) and the results were previously described in Chapter 4. Abnormal p53
and p21^^^^^^^^ was considered when >10% o f cells were stained. TP53 mutational
analysis was performed as described in Chapter 2 (Section 2.2) and the results have
been previously described in Chapter 6.

7.2. i Statistics:
Chi square analysis was used with a p value o f <0.05 being statistically significant.

7.3 RESULTS:
7.3. i TP53 mutations in SCC and adjacent lesions:
Results for TP53 mutations were discussed in Chapter 6 and are summarised in Table
XXII.

7.3. ii p53 over expression and

over expression in SCC and adjacent

lesions:
In this subset o f SCCs 61.3% (19/31) demonstrated over expression o f both p53 and
p 2 iWan/cipi

was found to be statistically significantly different when compared

to normal vulva adjacent to SCC (p=0.03). 40% (6/15) o f LS adjacent to SCC
demonstrated over expression o f both proteins, 22.2% (2/9) o f SH lesions adjacent to
SCC showed over expression o f both proteins. One lesion o f adjacent VIN
demonstrated expression o f both proteins, while none o f the adjacent normal vulval
epidermis over expressed both p53 and p21^^^^^^’^ \
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7.3. iii TP53 mutations and
The correlation between

expression in SCC:
over expression and TP53 mutations is

summarised in Table XXVI. O f the seven SCCs which showed wt T P 5 3 ,19% (6/31)
showed immunoreactivity for

and twenty o f the twenty-four cases

(83.3%) which demonstrated mt TP53 showed positive immunohistochemical staining
for p21^^^^^'^\ There was no statistically significant difference demonstrated (p=1.0)
between the SCCs and the TP53 mutational state p21^^^^^^^^ expression. However,
there was a statistically significant difference when comparing the normal vulva
adjacent to SCC and SCCs demonstrating mt TP53 and

expression

(p=0.026).

There was no statistically significant difference demonstrated when comparing SCCs
associated with NNEDV with SCCs associated with VIN when studying over
expression o f p21^^^^^’^^ and mt TP53 (p=0.11) or over expression o f p21^^^^^'^^ and
wild type TP53 (p=1.0).

When comparing type o f mutation, 72.3% (17/22) o f nonsense mutations
demonstrated over expression o f p21^^^^^'^^ and all mis-sense mutations demonstrated
over expression o f p21^^^^^'^^’

7.3. iv Adjacent lesions: TP53 mutations and

expression:

LS: Twelve LS lesions adjacent to SCC demonstrated over expression o f p21^^^^^^^^
with seven (46.7%) showing TP53 mutations. Three LS lesions adjacent to SCC
showed no expression o f p21^^^^^’^^ all showed wt TP53. There was no statistically
significant difference when compared to normal vulva adjacent to SCC.

SH: Six (66.7%) SH lesions adjacent to SCC demonstrated

over

expression, two (22.2%) showed mt TP53. Three SH were negative for p21^^^^"^^^\
one showed m t TP53 (p=l .0). Again there was no statistically significant difference
when compared to normal vulva adjacent to SCC.

265

VIN: Two (40%) VIN lesions adjacent to SCC demonstrated over expression o f
p 2 iWafl/cipi

oiiG (20%) adjacent VIN also demonstrating mt TP53. Three VIN

lesions showed no over expression o f p21^^^^^'^\ with one also demonstrating mt
TP53.

Normal vulval tissue adjacent to SCC: No normal vulval skin adjacent to SCC
demonstrated mt TP53. Two o f the normal areas o f vulval epidermis (66.7%)
demonstrated over expression o f

7.3. v

expression and mutational status comparing NNEDV lesions

and VIN:
When comparing adjacent LS, SH and these lesions combined (NNEDV) there was no
statistically significant difference between this combined group and the VIN adjacent
to SCC (Table XVII).

7.4 DISCUSSION:
7.4. i p53-dependent and p53-independent pathways of

regulation in

the malignant progression of SCC
As discussed in Chapter 1, cell proliferation and apoptosis are essential aspects o f
carcinogenesis. The activities o f p53 have now been linked to that o f cell cycle
control, resulting in aberrant cell proliferation and apoptosis, and have been found to
be the most common genetic change known to occur in human cancers (Hollstein et
al, 1991). As discussed in Chapter 6, m t TP53 appears to be involved in the process
o f carcinogenesis o f SCC, which has also been demonstrated by other authors
(Hietanen et al, 1995; Milde Langosch et al, 1995; Flowers et al, 1999). This current
study identified, as demonstrated in Chapter 4, that p53 over expression is found in the
majority o f SCCs (69%). The relationship o f p53 over expression and mt TP53 has
been discussed in Chapter 6.

In SCCs, as previously described in Chapter 4, p21^^^^^^^^ over expression is
demonstrated in the majority o f SCCs. p21^^^^^^^^ is known to be transcriptionally
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induced through DNA damage in a p53 dependent manner and may result in cell cycle
arrest (El-Deiry et al, 1993; Harper et al, 1993; Li et al, 1994). However, recent
evidence has demonstrated that p21^^^"^^^^Van also be induced in a p53-independent
manner (Micheieli et al, 1994; Marchetti et al, 1996). In this current subset o f SCCs,
81.8% showed over expression o f

p 2 |Wafl/Cipi expression did not correlate

with either TP53 mutation or p53 protein over expression, with 19% (6/31) o f SCCs
demonstrating wt TP53 and p21^^^^^^^^ expression compared to 64.5% (20/31) which
showed mt TP53 and p21^^^^^'^^ expression. Nonsense and mis-sense mutations both
resulted in the over expression o f
and

This lack o f correlation between p53

suggests that some p21^^^^^^^^ expression may be regulated in a p53-

independent manner in SCC progression.

This is not the first study that has indicated that the expression o f p21^^^^^’^^can be
independent o f TP53 mutational state; other squamous cell carcinomas have also been
shown to have TP53 mutations and also to express p21^^^^^'^^ mRNA and protein in a
p53-independent manner (Yoneda et al, 1999). Others (Yook & Kim, 1998) have also
demonstrated that p21^^^^^^^^ expression did not correlate either with mt TP53 or with
p53 protein expression. As with this current study, p 2 1

expression was found

even in cancers in which molecular analysis revealed a nonsense mutation (Yook &
Kim, 1998) indicating that p21^^^^^'^^ can be transcribed independently o f p53.

In other tumours, e.g. Burkitt’s lymphoma (Bhatia et al, 1995), p21^^^^^'^^ itself can
be mutated, which could result in over expression. Though the mutational state o f
p 2 | wan/Cipi

study was not evaluated, and has not been looked at in other studies

examining SCC, it is thought that mutations in p21^^^^^'^^ are rare (Li et al, 1995; Sun
et al, 1995).

appears to have multiple regulatory pathways, e.g. Bcl-2

suppresses the expression ofp21^^^^^^^\ TGF-jS induces p21^^^^^'^^ expression (Datto
et al, 1995; Upadhyay et al, 1995) and senescence also causes an increase in
expression.

TP53 mutations were found between codons 136-258, which is part o f the functional
area for DNA binding. The p53 protein recognises the consensus binding site and
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binds to target genes and the core domain plays an important role in this. However,
the transcriptional activity is not regulated by this region alone. Reports have
suggested that some TP53 mRNAs can result from abnormal splicing through
mutations in introns, though exons may still be wild type (Nakai et al, 1994). One
SCC demonstrated a mutation in the intron between exons 7 and 8 and showed over
expression o f both p53 and

The inhibitory role o f

can be explained by the stoichiometry o f binding o f

the protein itself to the CDK complexes which aid in its regulation (Xiong et al,
1993). When the ratio o f
p 2 |Wafl/cipi

to the CDK complex is more than one,

CDK activity. If the ratio is less than one,

serves

only as an assembling factor o f CDKs and does not act to inhibit CDK activity (Waga
et al, 1994; Zhang et al 1994). Therefore, this relationship, and the role o f other
regulatory products, is essential when investigating the role o f p21^^^^^'^^ in
carcinogenesis.

In stratified epithelium p21^^^^^^^^ plays an important role in growth control (Missero
et al, 1996) in the absence o f detectable p53 (El-Diery et al, 1996). p21^^^^^'^^
expression therefore appears to be similar to nuclear factor kappa beta (NF-xB; Seitz
et al, 1998). Though, as discussed above, p53 is the best known transcriptional
activator ofp21^^^^^'^\ a number o f DNA binding proteins have been implicated in
p 2 ][Wafl/cipi expression (Rogatsky et al, 1997; Zeng et al, 1997) including NF-xB via
the regulation of p21^^^^^’^^ mRNA. However, mechanisms can act at levels above
PTEN (phosphatase and tensin homolog deleted on chromosome 10) mRNA including
protein stability (Timchenko et al, 1996). PTEN is a dual specific phosphatase, which
has been demonstrated to be important for cell cycle arrest (Nakamura et al, 2000)
through the phosphatidylinositol 3-kinase (PI3K)/AKT pathway. Activated AKT
protects cells from apoptotic death by phosphorylating substrates such as BAD,
procaspase-9 and forkhead transcription family members (Datta et al, 1997; Cardone
et al, 1998). AKT has also been shown to prolong cell survival by delaying p53dependent apoptosis (Sabbatini & McCormick, 1999). Several authors have shown
that various growth factors, cytokines, and oncogenes require PI3K- and AKT-
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dependent pathways for full NF-Error! Unknown switch argum entB activation
(Sizemore et al, 1999; Madrid et al, 2001). PTEN is capable o f inhibiting cytokineinduced activation o f NF-Error! Unknown switch argum entB, it remains
ambiguous as to whether PTEN-dependent inhibition o f AKT inhibits NFError! Unknown switch argum entB by down-regulating signals that control nuclear
translocation, DNA binding, and/or transactivation potential o f NFError! Unknown switch argum entB. However, it has been hypothesised that an
accumulation o f

might counteract the death promoting effects o f PTEN as

demonstrated in lesions associated with low risk HP Vs (HPV-6, -11; Vancurova et al,
2002). p21^^^^^'^^ may therefore may play a role in preventing the effects o f PTEN
resulting in cell survival. In spite o f this, PTEN has been demonstrated to be mutated
in 62.5% (n=5/8) o f SCC (Holway et al, 2000) and mutations were also found in
hyperplasia and dysplasia o f the vulva.

7.4. ii p53 dependent and p53 independent pathways of

regulation in

adjacent lesions
The majority o f adjacent lesions (LS and SH) to SCC demonstrated over expression o f
p 2 iWan/cipi,

exception being normal vulva and VIN. Basal cells in lesions

adjacent to SCC demonstrated over expression o f p21^^^^^^^\ as well as cells which
were well differentiated and in the non-proliferative compartment; this has also been
demonstrated in other lesions associated with SCC, e.g. oral cancer (El-Diery et al,
1995; Yook & Kim, 1998). As discussed in Chapters 4 and 6, TP53 alterations may
be an early genetic event in SCC carcinogenesis (Rolfe et al, 2001). The over
expression o f p21^^^^^’’’^ also demonstrates that increased transcription is also an
early genetic event in SCC. p21^^^^^'^^ is involved in differentiation and the
disrupted regulation between proliferation and differentiation may be important in
malignant transformation. Adjacent lesions also demonstrated mtTP53 and over
expression o f p21^^^^^'^^ though the percentages o f such lesions was less than that
seen with SCC itself.

7.4. iii. Comparison of VIN and NNEDV lesions:
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Adjacent VIN showed only 40% o f the lesions demonstrating over expression o f
p 2 jWafl/Cipi

looking at the expression o f

in pre-invasive and

invasive squamous neoplasms o f the cervix have shown over expression o f this
protein in both invasive and pre-invasive lesions (Wemess et al, 1997). Wemess et al
(1997) demonstrated that

positive cells were different from Ki67 positive

cells and they suggested that p 2 1 ^^^^^'^^ expression was probably related to its role in
differentiation.

p 2 iWan/cipi expression appears to be involved in the process o f carcinogenesis in SCC;
however, other studies have indicated that p 2 1 ^^^^^'^^ alone does not cause enhanced
malignant conversion or have a role at the onset o f some tumours, e.g. skin cancer
(Shiohara et al, 1997; Weinberg et al, 1999) and that other pathways must be involved
such as cyclin and CDKs. When examining both over expression o f p53 and TP53
mutational state, p 2 1 ^^^^^'^^ appeared to be induced in a p53-independent manner in
the majority o f SCCs (64.5%) and in some adjacent lesions LS (46.7%), SH (22.2%)
and VIN (20%), though other factors such as TGF-j3 (Bennett et al, 1998) may also be
involved. TGF -jS appears to have higher expression in LS adjacent to SCC compared
to LS not adjacent to SCC (Carlson et al, 1998) and may therefore be the reason why
p 2 iWafl/cipi appears to be over expressed in a p 5 3 -independent maimer. p 2 1 ^^^^^'^^
may be induced through a TP53 dependent manner in some SCCs, and in some
adjacent lesions: 33.3% LS, 44.4% SH and 20% VIN from this work.

7.5 SUMMARY;
The majority o f SCCs appear to induce p21^^^^^'^^ in a p53 -independent manner;
however this is not demonstrated in the majority o f adjacent lesions, though 46.7% o f
adjacent LS showed

being induced in a p53-independent manner. There

was no statistically significant difference between NNEDV lesions (LS and SH) and
VIN in either p21^^^^^^^^ expression or the relationship o f the mutational status o f
TP53 to

expression.

7.6 FURTHER WORK:
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TGF-/3 is a growth factor and tumour suppressor gene which is believed to be
involved in wound healing (Falabella & Falanga, 2000), fibrotic diseases and
carcinogenesis (Reiss et al, 1987; Geiser et al, 1992; Norgaard et al, 1994). Though
TGF-j8 was not studied in this work, others have looked at its expression in a small
number o f LS lesions not adjacent to SCC (Farrell et al, 2001) and LS adjacent to
SCC (Carlson et al, 1998). Both groups found TGF-jS expression in LS (Carlson et al,
1998; Farrell et al, 2001) with higher expression in LS adjacent to SCC (Carlson et al,
1998) compared to normal vulva. However, no group has studied TGF-j8 ’s targets in
vulval disease which vary depending on the cell type; TGF-jS’s functions have
included inhibiting expression and activation o f cyclins (Geng & Weinberg, 1993),
inhibiting expression o f CDK (Ewen et al, 1993), inducing CDKI, as mentioned above
(Datto et al, 1995), inhibiting phosphorylation o f pRb (Alexandrow & Moses, 1995)
and inhibiting induction o f c-myc (Alexandrow & Moses, 1995).

Future work would involve assessing if the over expression o f p21^^^^^'^^ was indeed
caused by TGF-/3 in vulval lesions. This could be assessed through the use o f cell
culture with exogenous TGF-/3 and Western blot analysis to assess the expression o f
p 2 iWafl/Cipi pj-otein. mRNA for both TGF-jS and p21^^^^^^^^ could also be assessed
through RT PCR. SCC and other vulval diseases could be assessed for TGF-j9
polymorphisms which have been found to be associated with chronic inflammatory
disorders, e.g. rheumatoid arthritis (Sugiura et al, 2002), systemic sclerosis (Crilly et
al, 2002), and mutations in the TGF-j6 receptors could be analysed which have been
found in cancers, e.g. those o f the colon (Markowitz et al, 1995), along with mutations
in the intracellular signalling pathway o f TGF- jS, as has been found in head and neck
squamous cell carcinoma (Muro-Cacho et al, 2001).

Further work could also involve assessing the mutational state o f p21^^^^^'^^; though
rare (Shiohara et al, 1997), such mutations have been found in a number o f cancers,
e.g. bladder tumours (Lacombe et al, 1996) and Burkitt’s lymphoma (Bhatia et al,
1995); this could result in its over expression through a p53-independent pathway.
Work also needs to be done to on other CDK and CDKI which will clarify the
p 2 iWafi/cipi situation, along with PTEN which has been demonstrated to be important
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for cell cycle arrest and disease progression (Nakamura et al, 2000; Shi et al, 2003)
though accumulation o fp 2 1 ^^^^^^^^ is associated with counteracting the effect o f
PTEN (Vancurava et al, 2002). Mutations have been determined in SCC and pre
neoplastic vulval lesions in a small study; however PTEN in knockout mice has been
implicated in development o f cancers w ith age (Stambolic et al, 1998), further work
would assess the mutations in PTEN in SCC and the adjacent lesions, especially
NNEDV, associated with age.
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SCC

LS

SH

VIN

N

81.8%

80%

66.7% (6/9)

40% (2/5)

66.7% (2/3)

(26/31)

(12/15)

p=0.45

p=1.0

p=1.0

p=1.0

p53+

61.3%

40% (6/15)

22.2% (2/9)

20% (1/5)

p2lW afl/Cipl_^

(19/31)
p=0.034

p=0.25

p=1.0

p=1.0

64.5%

46.7%

22.2% (2/9)

20% (1/5)

(20/31)

(7/15)

p=0.026

p=0.24

p=1.0

p=1.0

19%

33.3%

44.4% (4/9)

20% (1/5)

(6/31)

(5/15)

p=1.0

p=0.53

p=0.22

p=1.0

p 2 i wan/cipi

p 2 iW a tl/U p l^

mt TP53
p 2 i Watl/Cipl

+ wt TP53

0%

0%

0%

SCC.

LS

SH

N N ED V *

VIN

80% (12/15)

66.7% (6/9)

78.6% (22/28)

40% (2/5)

p=0.13

p=0.58

p==0.11

40% (6/15)

22.2% (2/9)

32.1% (9/28)

p=0.6

p=1.0

p=1.0

p2jW an/cipi_|_

46.7% (7/15)

22.2% (2/9)

39.3% (11/28)

mt TP53
p 2 iwaii/upi

p=0.6

p=1.0

p=0.63

33.3% (5/15)

44.4% (4/9)

39.3% (11/28)

TP53

p=1.0

p=0.58

p=0.63

p 2 i Wait/C,pi

p53+

20% (1/5)

20% (1/5)

20% (1/5)

* Includes LS, SH and a shoulder area as described in Chapter 6

Table XXVII: Comparing expression and mutation for NNEDV and VIN lesions
adjacent to SCC.
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Chapter eight:

Immunohistochemistry, p53 analysis
and loss of heterozygosity in a patient:
Presented in part at British Society for the Study o f Vulval Disease (1998) Oxford
Published in part:
Int J Gynecol Cancer. 2001; 11

8.1 INTRODUCTION:
Review o f the literature demonstrates the noticeable association between SCC and LS
as summarised in Chapter one (Table II). Carlson et al (1998) examined all
retrospective and prospective studies o f patients with LS and compiled a frequency o f
SCC arising in LS o f 4.5% (140 o f 3,093 reported cases).

Histological studies have indicated an association between SCC and LS and other
NNEDV (Chapter one; Table II). Carlson et al (1998) demonstrated a frequency o f
45% (980 o f 2,159 reported cases with a range o f 2% to 100%) for LS in close
proximity to SCC. They also estimated that a 20-year interval separates the mean age
o f onset o f LS (54 years; Wallace, 1971) from that o f LS associated with SCC (74
years; Carlson et al, 1998). Carli et al (1995) observed SCC arising within fields o f
LS. Carlson et al (1998), Berkley and Bonney (1909) and personal observation
describe metachronous second and third primary SCCs all arising in fields o f LS
which is suggestive o f a ‘field effect’.

The aims o f this chapter were to analyse the histological progression o f this patient
with LS leading to SCC in a chronological order. To analyse the potential usefulness
o f cell cycle markers (identified in Chapters 3 and 4) in predicting SCC. To identify
the potential clonality o f such multiple SCC lesions against a background o f LS.

8.2 MATERIALS AND METHODS:
8.2. i Clinical features of case:
The material studied came from a patient who was first diagnosed with genital LS at
the age o f 35 and developed SCC necessitating radical vulvectomy at the age o f 46. A
number o f biopsies were taken during follow-up and further SCCs were excised at
ages 55, 57 and 58 years. At the age o f 58 she was referred to the Royal Free Hospital
with persistent vulval pruritus and soreness which was not responding to
corticosteroid treatment. On examination there were LS changes over the vulvectomy
site with focal areas o f hyperkeratosis (Figure 52). Biopsies at this time
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Figure 52: The clinical picture o f the patient showing a previous vulvectomy and areas
now o f hyperkeratosis and LS (age 58 years).

dVIN

-m

see

Figure 54: dVIN shown adjacent to SCC. Magnification x 10.
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Score__________________________ % cells staining ^

0
1
2
3
4

<10%
11-24%
25-49%
50-74%
>75%

’ The % cells staining refers to the % specific cell types positive for the stain e.g. squamous cells, basal
cells, tumour cells.

Table XXVIII: Scoring system used for IHC.
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confirmed changes o f LS with no malignancy and she was treated with potent topical
corticosteroids, clobetasone butyrate 0.05% (Trimovate) and subsequently clobetasol
propionate 0.05% (Dermovate). Further biopsies were taken as shown in Table XXIX
and Figure 53. At the age o f 62 her symptoms again worsened and a further SCC was
excised from the left buttock. Local corticosteroid treatment was continued with
fluocinolone acetonide 0.025% (Synalar) but a year later yet another SCC was excised
and the following year another SCC developed on the right buttock in an area from
which biopsies four years earlier had shown only LS and SH. All SCCs were
surgically removed with all SCCs being histologically clear o f surgical margins.

8.2. ii Laboratory methods:
Paraffin wax blocks o f the various biopsies and resections were retrieved from
histopathology archives and both a gynaecological pathologist and m yself (JCC &
KJR) reviewed morphological features. LHC was performed as described in Chapter 2,
Section 2.2.i (Table V). A modified scoring system was used as shown in Table
XXVIII The reason for using the modified system was that it enabled joint marker
scores (e.g. p53 and Ki67) to be quantified in a prospective prognostic assessment.
TP53 mutational analysis, HPV-16 PCR and LOH were performed as described in
Chapter 2, sections 2.2.vi, 2.2.vii for some o f the lesions and the PCR conditions are
shown in Table VIII

8.3 RESULTS:
8.3. i Histopathology:
The biopsies showed a range o f histological appearances. In some there were classical
features o f LS, sometimes with areas o f ulceration, which may have been caused by
scratching, as although the patient was treated with topical corticosteroids, the patient
continued to have symptoms. Other pathological specimens showed varying degrees
o f SH with irregular elongation o f rete ridges. Some areas o f SH also showed
cytological atypia in the basal layers o f the epidermis accompanied by a variable
degree o f dyskeratosis, corresponding to the “differentiated” type o f vulval
intraepithélial neoplasia (dVIN) (Figure 54). Keratinising SCC was present in
samples from 1990 and 1992-3 (slides reviewed from the previous hospital but exact
sites unknown) and from the left buttock (maximum depth 2.9 mm), the central
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perineum (maximum depth 1.7 mm) and the right buttock (maximum depth 3.6 mm).
Areas o f SH were often found adjacent to SCC and review o f sections from the same
anatomical areas in chronological order showed that over a minimum period o f four
years SCC had developed in areas which had previously shown only LS and SH (an
area from which biopsy 12 was taken developed into SCC in biopsies 26, 29 and 30
and 4, 5 become SCC in biopsy 33).
8.3. ii Immunohistochemistrv:
Staining scores for all markers are summarised in Table XXVIII.

p53: This was found in some areas o f LS but within the epidermis staining was
restricted to the basal layers. In areas o f SH (whether or not these were adjacent to
SCC), p53 staining extended higher up in the epidermis roughly in proportion to the
degree o f hyperplasia though SH adjacent to the SCC scored higher than SH not found
adjacent to SCC (Figure 55). SCCs generally showed high levels o f p53 staining but
an exception was the lesion from the left buttock, which was negative for p53 even
though adjacent areas o f SH did express this protein (biopsy 11). LS staining pattern
was identical to that described in Chapter 3 and identical to LS adjacent to SCC and
the SCC itself as described in Chapter 4.

Ki67. This proliferation marker showed a similar distribution to p53. It was expressed
in the basal layers o f the epidermis in LS but in hyperplastic epidermis (whether or not
this was adjacent to a SCC) the staining extended higher in the epidermis. As would
be expected for malignant tumours, the SCCs generally showed strong staining for
this proliferation marker, with no particular distribution pattern. Again staining
patterns were identical to those lesions described in Chapters 3 and 4.

Cvclin D L Bcl-2 and Mdm-2
Cyclin D1 staining was found in most sections in the basal and parabasal layer o f the
epidermis and inflammatory infiltrate. Scores ranged from 0-3 but there was no
consistently high score associated with SH and SCC. No significant positive
epidermal or tumour staining was identified with Bcl-2 and Mdm-2 markers.
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Figure 55: Over expression o f p53 in SCC and SH.
Magnification xlOO.
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Scores for p53 and Ki67 were summated to produce an overall score for predicting
potential malignant change. The combined score (Table XXVIII) was generally 5 or
more in areas o f SCC or adjacent SH, but lower in lesions not adjacent to SCC.
Lesions, which later developed into SCC were also found to score 4 or 5 (e.g. biopsies
4, 5,

8

etc).

8.3. iii PCR:
PCR was performed to analyse both TP53 mutations, HPV-16 and LOH, as described
in Chapter 2 using the PCR primers and conditions described in Chapter 2, Table VIII.
No TP53 mutations were found in any o f the lesions studied (biopsies 1,12, 30) and
these lesions were also identified as HPV-16 PCR negative. LOH was identified at
lOq and 22q (others either did not work or were non-informative) except 9q where
both showed retention o f the locus in both the LS and SH (biopsies 1, 12) as well as
the SCC which later developed (biopsy 33).

8.4 DISCUSSION:
8.4. i Histology:
Histological material from this unusual patient who continued to have symptoms
despite treatment with potent topical corticosteroids and who developed multiple
SCCs has provided a unique opportunity to study the molecular pathology and
morphological features in the evolution o f pre-malignant and pre-invasive malignancy
in SCC. As with other studies (Carlson et al, 1998) this patient did not respond to
topical corticosteroids (discussed in Chapter 3).

Others have looked at histological features in cases o f SCC developing in LS. Scurry
et al (1997) reported that characteristic features o f LS disappeared in the hyperplastic
zone adjacent to SCC in 44% o f cases. They concluded that vulval SH could be
reactive, and secondary to the cancer, or could represent a pre-invasive condition. The
staining patterns seen in this study strongly suggest that these changes represent a
progressive pathway to malignancy with SH and dVIN being important steps on that
pathway.
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8.4. ii p53:

Work by other groups (Tan et al, 1994; Carlson et al, 1998), and this work (Chapter 3)
has confirmed that LS not associated with SCC exhibits lower levels o f p53 over
expression. Other authors have reported higher p53 expression in LS and SH adjacent
to SCC (Soini et al, 1994; Kagie et al, 1997a) and McConnell et al (1997) also
described full thickness p53 staining adjacent to SCC. Unlike Chapter 4 where
changes seen both morphologically and at the molecular level are seen adjacent to
SCC, and a time-firame o f these changes cannot be identified, an important
observation in this patient is o f a chronological progression over a period o f time,
where biopsies from an area showed increased expression o f p53 and Ki67 and within
four years were found to have progressed to SCC (e.g. biopsies 4, 5,

8

and

1 2 ).

p53 over expression can be the result o f several mechanisms. Wild-type p53 protein is
generally present in small amounts in normal cells, with the protein having a short
half-life, but when such cells are exposed to DNA damage, p53 levels increase rapidly
and initiate a programme o f cell cycle arrest or apoptosis (Kerr et al, 1994). p53
overexpression can also be the result o f mutation or binding o f cellular proteins that
stabilise p53 (e.g. Mdm-2). In this study, no Mdm-2 expression was detected in the
samples, suggesting that this method o f p53 stabilisation is not the explanation in this
instance. In other carcinomas, the Bcl-2 protein has been shown to correlate inversely
with p53 protein expression, suggesting p53 transcriptionally represses the Bcl-2 gene
(Selvakumaran et al, 1994). However, no Bcl-2 expression was found in this study, a
result consistent with the results from Chapter 4 in the SCC.

Aberrant p53 expression has been found to occur widely in squamous epithelium o f
non-malignant and non-neoplastic inflammatory skin diseases, though the percentages
o f positive nuclei have been lower than in malignant tumours (Ro et al, 1994). Since
the DO-7 antibody detects both wt p53 and mt p53 (as discussed in Chapter 6 ), either
mutation or non-mutational mechanisms could account for the increased protein
accumulation. However, following TP53 mutational analysis on not only the SCC and
adjacent lesions but other LS lesions (biopsies 1, 12, 30) no TP53 mutations were
identified in exons 5-8. HPV-16 DNA was also found to be negative in the same
biopsies. It can only be presumed that either the TP53 mutations lie outside the
conserved region o f the TP53 gene in this small number o f lesions, or a further
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possibility is that gene alterations if present, may either occur in a different pathway
or the abnormality is in the p53 pathway but through a downstream effector gene e.g.

p l9 ^ .

8.4. iii Ki67:
Ki67 is an indicator o f cell proliferation and so it is not surprising to find it present in
the basal layers o f epidermis in LS where cells would be expected to proliferate as
they do in normal skin. Others have also found Ki67 staining in LS though whether
this is greater or less than normal vulval skin is still in dispute (Tan et al, 1994). Van
Hoeven and Kovatich(1996) found that the level o f Ki67 staining was similar in LS
and the normal vulva. Scurry et al (1998) found no difference between Ki67
expression in LS with or without carcinoma compared to normal vulva, although SH
adjacent to SCC showed high levels o f expression. In this study Ki67 positivity was
present in all lesions except biopsy 1, being especially high in most SCC lesions, as
would be expected. In LS, staining was confined to the basal layers as has also been
found by others (Tan et al, 1994). In SH, staining was found throughout the epidermis
suggesting that the increased epithelial thickness in this condition is as a result o f an
extension o f the proliferation zone and an increased proliferation rate.

Generally, areas showing high p53 expression also stained strongly for Ki67. Others
also found a strong correlation between p53 and Ki67 staining in benign and
dysplastic skin and in oral mucosa (Kushner et al, 1997) in keeping with the
regulation o f cellular proliferation by p53 as described in Chapter 4.

8.4. iv PCR analysis:
Due to the limited availability o f biopsy sample it was only possible to extract DNA
from three sections therefore not enabling a comment on clonality or the field effect.
LOH in the two alleles that were informative showed LOH in the SCC, SH and LS
(biopsies 12 and 30). Biopsy number 1 also had LOH performed compared to the
normal tissue o f the patient and this also showed LOH in both loci. Indicating that
genetic as well as histological changes have occurred in a large field. These losses in
loci appears to occur prior to invasion. However no TP53 mutations were identified
and the lesions were HPV-16 negative, this could indicate, as this patient showed over
expression o f p53, that the mutations lie outside the conserved areas (exon 5-8)
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and/or another pathway is involved in this patients progression to cancer.

8.5 SUMMARY:
These data suggest, in this unique patient, that p53 and Ki67 are valuable indicators o f
the development o f vulval pre-malignancy and malignancy and are important in the
pathogenesis o f SCC. In terms o f mechanisms, we cannot rule out a role for
inflammation and the effect this m ay have on cell cycle proteins. Potent topical
corticosteroids were used throughout the study period and the effects o f this treatment
on such molecular markers should also be considered, although Soini et al (1994)
demonstrated that short-term treatment on extra-genital normal male skin with
betamethasone-17-valerate resulted in no p53 accumulation in two volunteers (as
discussed in Chapter 3). Whatever the underlying mechanism involved the
observation that these two proteins were high in this patient in both carcinomas and in
adjacent areas o f hyperplasia in this patient is useful in terms o f the clinical
importance o f being able to predict areas o f increased susceptibility to malignant
change. Both morphological and immunohistochemical criteria are valuable in
identifying the progression o f changes leading to vulval malignancy in LS and
particularly for identifying which areas should be scrutinised for close follow-up and
excision.

This work provides valuable complementary data, mapped over a period o f time, to
the work in Chapter 4. Although preliminary, the IHC scoring system that has been
adapted here, along with the histological changes, may allow the identification o f
high-risk areas, which require greater surveillance and perhaps earlier surgical
intervention. This study has also indicated that some patients even with adequate
topical corticosteroid control will still progress to SCC. Whether the topical treatment
enhances this change has yet to be elucidated, but there is no study showing that
topical corticosteroids prevent SCC.

Furthermore, we have obtained preliminary data on potential field effect in vulval
lesions suggesting a possible ‘carcinogen’ that has affected the whole epidermis o f the
vulva. Such analysis will be valuable in future prospective studies.
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Date Sample
1993 1
1994 (X2) 2,3
1994 (X2) 4,5
1995 6
1995 7
1995 8
1995 9
1995 1 0
1997 11
1997
1998
1998
1998
1998

13
14
15
16

1998

17

1998

18
19

1998
1998
1998
1998
1998
1999
1999
1999
1999
1999
1999
1999

20

2000
2000

12

21
22

23
24
25
26
27
28
29
30
31
32
33

Histology
p53
0
LS
LS
1
LS& SH
2
1
INFLAMMATION
EARLY LS
1
1
EARLY LS
1
LS
2
LS
2
SCC & SH
SH
SCC 0
LS& SH
2
SH & dVIN
2
SH
2
SH
2
4
SCC+SH
SH
4
SCC
4
SCC+ SH
SH
4
SCC
4
SCC
SH
3
SH
2
SH
2
SH
2
SH
2
SH with dVIN
2
SCC
3
3
SCC
inflammation
0
inflammation
0
SCC
3
dVIN
3
granulation
0
SH & dVIN
2
SC C & dV IN SCC
4
dVIN 2

Ki-67

Combin

0

0

3
3

4
5
3
3
4
3
4
5
3
4
3
3
3

2
2

3
2
2

3
3
2
1
1
1

4
4
4

8

2

6

1

3
4

5
4
3
3
4
4
5
5
5
3
3
7

2

6

1
1
1
2
2

3
2
2
2

8
8

2

2

2

4
5
4

1
2

Mdm-2 and Bcl-2 were <10% for all sections and therefore negative

Table XXIX: IHC results o f the patient in relation to date and histology
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Figure 53: M ap o f all b io p sies w ith h istological d iagn oses, w ith b io p sies in bold
indicating prem alignant ch anges in exp ression o f p53 and K i67

EkfsylLS
Bcpsy ^ 3 US
BcpsyTLS
Bcpsy 27 irfiafTTTEticn

BcpsylScMN
Bcpsy 14-23, SOC

8 SH
Bopsy 12 LS&SH

Bcpsy

Bcpsy

25S0C

Bcpsy 25 SOC

Bcpsy

^90C

\

EkpBySO S X & d V iN

24 cMN

Bqpsy32

SH&dVIN
—

Bcpsy11SGC&SH

Bopsy 45 LS
Bcp^31 gaaJdicn

Bcpsy 10 LS

Bcpsy 33SOC &dVIN

Bcpsy 28 irfam TEticn
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Chapter nine:

Blood group

Presented in part in the British Gynaecological Cancer Society (BGCS) Meeting,
Portsmouth 2000

Published in abstract form, in part:
Br J Obstet Gynaecol 108: 157
Published in part:
Eur J Gynaecol Oncol 23: 111-112.

9.1 INTRODUCTION:
The ABO blood groups were identified in 1901 by Landsteiner and remain the most
important in blood transfusion medicine. Landsteiner defined four basic groups within
the system: A, B, AB and O. The antigens are A, B and H; the H antigen is the
precursor to the A and B antigens, but is not expressed as a recognisable antigen on
erythrocytes.

The frequency o f the four main groups varies throughout populations in the world and
differences can occur in regional areas. The erythrocyte antigens are the phenotypic
expression o f inherited genes. The ABO gene is located on chromosome 9 (9q34.1).
The ABH antigens are not primary gene products but are instead the reaction products
catalysed by enzymes, glycosyltransferases.

The ABO system is known to be a polymorphism o f complex carbohydrate structures
o f glycoproteins and glycolipids, which are expressed on the surface o f erthyrocytes
and other cells (e.g. epithelial, endothelial) or present in the secretions as glycan units
o f mucin glycoproteins. Immuno-dominant structures o f the A and B antigens,
GalNAc alpha l-» 3 (Fuc alphal->2) Gal- and Gal alpha 1 ^ 3 (Fuc alpha l-> 2) Gal-,
respectively (Figure 56), are synthesised by a series o f reactions; the A and B
transferases are encoded by the functional alleles (A and B) o f a single gene at the
ABO locus, they catalyse the last step o f the synthesis, while the protein coded by the
O allele is non-functional.

The ABO gene consists o f at least seven exons and the coding sequence spans 18Kb
o f genomic DNA. The single nucleotide deletion found in the O allele is found in exon
6.

Exon 7, the largest o f all the exons, contains the other six-nucleotide substitutions,

which result in four amino acid substitutions that differentiate the A and B
transferases. In addition to the four common alleles (A l, A2, B and O), numerous
alleles which encode glycotransferases with changes in activity and specificity have
been identified.
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Galactose

Glucose

Lipid

N- Acetylglucosamine
Fucose

O antigen

GalNAc transferase .

N-Acetylgalactosamine

A antigen

\

\

Gai transferase

galactose

B antigen

Figure 56: Demonstrating the formation o f the blood group antigens.
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In 1975 Leighton and Langley suggested that vulval dermatoses showed
preponderance to a certain blood group, A. Other diseases have shown preponderance
towards certain blood groups. This has especially been demonstrated in certain
cancers, e.g. gastrointestinal cancer is associated with blood group A (Aird et al,
1953) and ovarian cancer shows a relative incidence o f 1.17 in women with blood
group A (Henderson et al, 1993). Other tumours, e.g. bladder cancer (Srinivas et al,
1986), colorectal (Halvorsen, 1986) and stomach carcinoma (Viste et al, 1986), have
shown that patients with blood group A demonstrated lower grades o f tumour and
lower mortality rates than those with blood group O and therefore blood groups in
some cancers can show a prognostic relationship.

It was the aim o f this chapter to examine the relationship between blood groups and
vulval disease, especially SCC, and to examine the prognostic usefulness o f such
blood group analysis in SCC.

9 .2

MATERIALS AND METHODS:

9.2. i Patient details:
One hundred and sixty-three patients were selected from patients visiting the Vulval
Clinic at the Royal Free Hospital, as they had both blood group analysis available and
a histological diagnosis o f their vulval disease. Forty-two patients had a diagnosis o f
SCC, 44 had LS, 34 had YIN,

8

had lichen planus and 35 had other diagnoses (e.g.

non-specific inflammation, psoriasis, eczema and basal cell carcinoma). Using the
Haematology Database (Department o f Haematology, RFH) it was possible to extract
a control group o f female patients over the age o f 56 years (n=198) who were
recorded as having a cross match in the year 2 0 0 0 for clinical reasons that was not
vulval disease. The age group from the Haematology Database o f 56 years was
selected to coincide with the mean age o f patients in the vulval group.

9.2. ii Statistics:
Statistical analysis was used, using a p value o f <0.05 as to be statistical significant
using chi square and Kaplan-Meier analysis was used for overall survival data.
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9.3 RESULTS;
66.7% percent (28/42) o f the SCCs were found to have a blood group A compared to
23.8% (10/42) which had a blood group O. When the SCCs were divided into what
the adjacent or related vulval disease was twenty-seven o f the SCCs were associated
with NNEDV and 74% (20/27) o f these were found to be blood group A with only
18.5% (5/27) blood group O. Eleven o f the SCCs were associated with VESl and only
27% (3/11) o f these were blood group A with 45.5% blood group O. The control
population showed that 38% o f the population were blood group A and 43% were
blood group O.

Statistical significance was demonstrated when comparing the RFH control group and
SCC associated with NNEDV for blood group A (p=0.0008), this was also
demonstrated when comparing the control group and LS patients (p=0.003).Table
XXXI demonstrates the relationship o f all vulval conditions and the percentage o f
patients having blood group A and O compared to the UK general population and the
control group.

Survival Data was known for twenty-eight o f the SCC patients along with stage and
grade which was known for twenty-one as shown in Table XXXII. There was no
statistical correlation between any blood group and stage or grade in this small study.
There was no statistical significant difference between the three blood groups seen in
the SCC and NNEDV group (p=0.69), though blood group A appeared to show a
worse overall survival and/or recurrence rates compared to group O and B (Graph 10).

9.4 DISCUSSION:
Blood group substances are glycoprotein and glycolipid antigenic structures, which
are formed from a series o f enzymatic reactions. Analysis has shown a change in
expression o f certain blood groups in human disease, especially in malignant
transformation. An example is endometrial cancer (frioue et al, 1987), which
frequently re-expresses antigen H, regardless o f ABO status, in malignant
transformation. An alteration in expression o f blood groups has also been described in
neoplastic lesions o f the colon (Itzkowitz, 1992).
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Graph 10a: Overall survival in relation to blood group for SCC and NNEDV patients.

Cu m
Survtva

p=0.69

Blood group B

Blood group A

0.0 I
Blood group O

0

4

2

6

8

10

YEAR

Graph 10b: Recurrence rates in blood groups for SCC and NNEDV patients.
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Graph 11 : Overall survival for all SCCs and blood groups.
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Other authors have described a change in survival when comparing blood groups and
cancer. Roberts et al (1988) described a statistical difference in survival for lung
cancer patients based on blood groups. They compared lung cancers with similar
histological types and stage. They found a significant difference in survival, with the
median survival for blood group AB being fourteen months, blood group B twentyfour months, blood group A forty-eight months and blood group O sixty months. This
work showed no statistical difference for blood groups when comparing all SCCs
(Graph 11; p=0.25) or when looking at just SCC associated with NNEDV (Graph 10a;
p=0.69), though blood group A showed a worse prognosis.

One mechanism which has been suggested by which women with blood group A
might be at increased risk o f cancers, as found here, involves diminished
immunological surveillance (Smith & Priteo, 1992). Some tumours, e.g. those o f
stomach and colon, express Forssmann antigen, a glycolipid synthetase which is
structurally similar to the A antigen determinant. People with blood groups other than
A produce anti-A antibodies and because o f structural similarity it is possible that
these antibodies might attack pre-cancerous or cancerous cells expressing Forssmann
antigen. Therefore it is possible that people o f blood group A, and therefore without
anti-A immunity may have a diminished immune response to such tumours.

An association appears to be suggested between blood group and SCC associated with
NNEDV and LS itself. This work also confirms further biological/molecular
differences between SCCs associated with NNEDV and SCCs associated with VIN.

9.5 FUTURE WORK:
To increase numbers in both the blood group and to assess more discriminating
genetic markers, e.g. HLA antigens, may assess the genetic contribution to such
diseases. To assess the role o f other genes in close association with HLA, e.g. TN Fa
andp.
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Diagnoses

G roup A

G roup O

LS

57%

13%

Lichen planus

62.5%

25%

VIN

35%

50%

SCC

66.7%

23.8%

-associated with NNEDV

74%

18.5%

-associated with VIN

27%

45.5%

Other vulval diseases

31%

54%

Royal Free Control

37.6%

43%

41.7%

47%

population*
UK Population (Race &
Sanger, 1979)
(*Courtesy o f the Haematology Department, the Royal Free Hospital).

Table XXXI: Vulval conditions and the percentage o f our population group having
blood group A when compared to the general UK population and the Royal Free
Control group.

Stage 1
Stage 2
Recurrence
Well differentiated
Moderately
differentiated

G roup A
9

G roup O

G roup B

2

2

1

1

0

4

1

1

11

2

2

3

2

1

Table XXXII: This demonstrates the stage and grade o f the SCCs in relationship to different
blood groups.
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Chapter ten:

Discussion

Carcinoma o f the vulva is a relatively uncommon disease with an estimated incidence
o f 1.8 per 100,000 (Silverberg, 1980) which accounts for approximately 4% o f all
gynaecological malignancies and less than 1% o f all cancers in women (Parker et al,
1997). The incidence o f invasive vulval cancer has not changed over the past twenty
years. It has been proposed that there are two different pathways for SCC to exist: one
developing through HPV infection and the other through inflammatory conditions
such as LS (Neill et al, 1990; Toki et al, 1991; Crum et al, 1992; Hording et al, 1994).
SCCs associated with HPV have been shown to have a pre-invasive lesion, VIN;
however, to date, SCCs associated with inflammatory conditions have as yet no preinvasive lesion determined, though a conspicuous association has been determined
between LS and SCC (Tables I & II, Chapter 1). This current study has identified a
number o f factors involved in the molecular pathology o f invasive and pre-invasive
vulval disease which, to date; have not been determined or proposed by other groups.

10.1. THE MOLECULAR PATHOLOGY OF LS AND THE EFFECT OF
TREATMENT:
LS (not adjacent to SCC) has been associated with an increased expression o f p53
(Soini et al, 1994; Tan et al, 1994; Carlson et al, 1998). However, this current work
divided the LS group into those treated with topical corticosteroids and those who had
not been treated, and it was demonstrated that the use o f such corticosteroids can
influence the expression o f p53 significantly; this was also demonstrated for the
marker o f proliferation Ki67. However, whether the changes seen with treatment are
transitory or permanent has yet to be determined. LS which had not been treated with
topical corticosteroids showed few cell cycle protein changes compared to normal
vulva, the exceptions being Bax and

both o f which showed abnormal

expression in LS. It has been proposed for other inflammatory conditions, e.g. asthma,
that some patients are resistant to corticosteroid treatment; however, it was not
possible to determine this from this study and further work needs to be undertaken to
elucidate the role corticosteroids have on cell cycle and apoptotic proteins in the
vulva, and to assess if those patients who over express certain cell cycle/apoptotic
proteins are resistant to treatment.
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10.2 THE MOLECULAR PATHOLOGY OF SCC AND THE
CLINICOPATHOLOGICAL SIGNIFICANCE OF CELL CYCLE AND
APOPTOTIC MARKERS:
A number o f studies have assessed the role o f cell cycle/apoptotic proteins in SCC
(Tervahauta et al, 1993; Kohlberger et al, 1995; Ngan et al, 1999; Scheistroen et al,
1999), though few have used such large numbers compared to this current study and
few have also looked at the adjacent lesions. In previous studies (e.g. Milde Langosch
et al, 1995; Kagie et al, 1997a; McConnell et al, 1997) only a small number o f cell
cycle/apoptotic proteins were examined. To understand the cell cycle/apoptotic
changes that occur in SCC and the adjacent lesions will lead to an identification o f the
carcinogenic processes occurring in vulval disease. A number o f statistically
significant differences were determined in cell cycle proteins when comparing SCC
with normal vulval epidermis adjacent to SCC (p53, cyclin D l, Bcl-2) and normal
vulva not adjacent to SCC (p53, Ki67,

Bcl-2, Bax). The only statistically

significant difference when comparing SCCs associated with VIN and SCCs
associated with NNEDV for cell cycle proteins was with p21^^^^^’^ \ SCCs therefore
appear to have abnormalities in both cell cycle and apoptotic pathways whether
associated with VIN or NNEDV, when compared to normal vulva.

Though no one protein significantly showed abnormal expression in relation to
survival the trend was that abnormal expression o f several proteins was associated
with poorer survival. p53 and Ki67 expression were found to be statistically
significantly different when comparing grade o f SCCs, with moderately differentiated
SCCs demonstrating over expression o f p53 and poorly differentiated SCCs
demonstrating a higher proliferation rate. pRb also showed a statistical correlation
with grade, with all poorly differentiated SCCs demonstrating loss o f this protein
when compared to well differentiated SCCs. No other proteins demonstrated a
statistically significant difference when comparing abnormal and normal expression
with clinicopathological parameters (stage and grade).

TP53 analysis indicated that mutations in TP53 are frequent events in SCC, with 78%
o f SCCs demonstrating a mutation. The majority o f the mutations studied indicated
that endogenous processes may be the cause as some were found at CpG sites (codons
213, 244, 248) and the majority o f them were transitions. A similar mutation profile
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was also found in adjacent NNEDV lesions. The majority o f SCCs (63%)
demonstrated the same mutation in exon 5, at codon 136, which resulted in a nonsense
mutation.

Previously, this work (Chapter 4) had determined that

showed over

expression in SCC and NNEDV lesions adjacent to SCC.
induced by wt p53 resulting in cell cycle arrest, as

is thought to be
is a CDKI. A

statistically significant difference was demonstrated between SCC and the adjacent
normal vulval epidermis for lesions over expressing both p53 and

and

mutated TP53 and over expression ofp21^^^^^'^\ This suggests that the over
expression ofp21^^^^^'^^ is most probably induced in a p53-independent manner in
SCC.

It is believed that p21^^^^^'^^ alone does not cause enhanced malignant conversion or
have a role at the onset o f carcinogenesis, though this protein is believed to be
important in differentiation, and the disrupted regulation between proliferation and
differentiation may be important in malignant transformation o f SCC.

10.3 THE MOLECULAR PATHOLOGY OF THE MALIGNANT
PROGRESSION OF LESIONS ADJACENT TO SCC:
10.3. i Adjacent normal vulva:
Normal vulval epidermis was compared to histologically normal epidermis adjacent to
SCC and, though not statistically significant, normal vulval epidermis adjacent to SCC
demonstrated an increase in proliferation rate as demonstrated by Ki67 expression,
and showed an increase in abnormal protein expression o f Bcl-2. A statistically
significant difference was demonstrated for

and Bax, with adjacent normal

vulva showing an increase in abnormal protein expression. Histologically normal
vulva adjacent to SCC itself therefore shows abnormal expression o f several proteins
indicating that vulval tissue adjacent to SCC, though histologically normal, has
several molecular changes which may affect recurrence o f these lesions. Further work
needs to be performed to assess the distance (margins) from the SCC o f these changes
in cell cycle/apoptotic proteins to ascertain the potential usefulness in terms o f
recurrence.
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10.3. ii Adjacent LS:
LS adjacent to SCC demonstrated abnormal protein expression when compared to
normal vulva not adjacent to SCC in a number o f markers including p53,
and Bax, along with increased proliferation rates (as measured by Ki67); other
NNEDV lesions (e.g. SH) found adjacent to SCC also demonstrated abnormal protein
expression o f

Bax and increased proliferation rates (Ki67).

LS adjacent to SCC were compared to LS (not adjacent to SCC); a statistically
significant difference was demonstrated for age with patients having LS adjacent to
SCC being fifteen years older. A statistically significant difference was demonstrated
when comparing untreated LS without SCC to LS adjacent to SCC for p53 and Ki67
(with LS adjacent to SCC showing increased expression o f these markers). Conversely
fewer LS lesions adjacent to SCC showed abnormal expression o f Bcl-2 when
compared to LS not adjacent to SCC.

To determine if LS adjacent to SCC is pre-malignant the clonal status o f the adjacent
NNEDV lesions were assessed through LOH, MSI and TP53 mutational analysis.
Both LOH and MSI were found in NNEDV lesions adjacent to SCC at a number o f
loci (TP53, 9q, lOq and 22q) indicating that mutations in the DNA repair genes may
be involved in the carcinogenesis o f NNEDV. Seven SCCs with adjacent NNEDV
lesions showed a change in at least one locus in both lesion, these NNEDVs (LS and
SH) indicate that these are probably o f a clonal origin though other loci would have to
be studied to confirm this.

This has been the largest study looking at adjacent vulval lesions and the TP53
mutational state with 53.3% LS and 33.5% SH showing TP53 mutations. 34.4% o f
adjacent lesions were identified as having an identical mutation as the SCC, indicating
a clonal origin. Generally, for the tumour suppressor gene TP53, two ‘hits’ are
required, a mutation and LOH (Knudsen, 1971); however, only one LS patient showed
both mutation and allele change. This work has demonstrated that TP53 mutations
develop in ‘pre-malignant’ LS and are intrinsic to the clonal evolution that leads to
SCC, as the multiplicity o f TP53 mutational events indicates that identical mutations
are unlikely to occur independently (Greenblatt et al, 1994). However, loss o f TP53
through both LOH and mutation appears to occur only rarely in NNEDV and SCC.
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10.3. iii Adjacent VIN:
VIN adjacent to SCC also demonstrated abnormal expression o f p53 and
as well as increased proliferation rates (measured by Ki67) when compared to normal
vulva not adjacent to SCC. p53 and Ki67 over expression suggests that these lesions
are undergoing abnormal proliferation.

W hen YIN (not adjacent to SCC) was compared to YIN adjacent to SCC, two proteins
demonstrated increased abnormal expression - p53 and

with YIN adjacent

to SCC showing increased abnormal expression o f these proteins. These observations
suggest that p53 may be involved in the carcinogenic progression from YIN to SCC.

To assess the role o f HP Y in YIN and SCCs associated with YIN, IHC and PCR were
performed to detect HPY-16. IHC was found to be o f low sensitivity in detecting HPY
in YIN and SCCs, and this was due to the fact that the antibody used detects the
capsid protein which is not expressed if the virus genome has been integrated into the
host genome. PCR, however, detected HPY-DNA in 77.8% o f YIN, 100% o f YIN
adjacent to SCC and 61.5% o f SCCs. HPY E6 and E7 proteins are thought to affect
cell cycle protein function e.g. p53 (by degradation), cyclin D1 and pRb. YIN adjacent
to SCC was found, however, to over express p53 and HPY-DNA and this was
statistically significantly different from YIN not adjacent to SCC. pRb and cyclin D1
do not appear to have their expression altered by the presence o f HPY-DNA with
normal expression detected in the majority o f lesions demonstrated to contain HPYDNA in YIN adjacent to SCC, YIN and SCC. HPY-DNA and mt TP53 were also
assessed in YIN adjacent to SCC with 40% demonstrating both mutation and HPY.
This work confirmed that YIN, whether adjacent to SCC or not, demonstrated HPYDNA; however, the presence o f HPY did not mean that the TP53 gene was not
mutated in some cases.

p53 over expression, whether through mutation or by other means resulting in
stabilisation, appears to be an indicator o f progression to invasion in YIN.
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10.4 A COMPARISON OF THE MOLECULAR PATHOLOGY OF VIN AND
NNEDV (LS AND/OR SHI AND THEIR CARCINOGENIC PROGRESSION:
10.4. i Molecular comparison:
To determine if LS (not adjacent to SCC) and YIN (not adjacent to SCC) share similar
or different molecular and clinical changes, the lesions were compared at both these
levels. A statistically significant difference was demonstrated between LS and YIN for
Ki67 with increased proliferation in VIN; additionally cyclin D1 was found to be over
expressed in LS when compared to VIN.

NNEDV (LS and SH) lesions adjacent to SCC were compared to VIN adjacent to
SCC; the only statistically significant difference between the lesions was p i
with NNEDV lesions showing increased abnormal expression o f this CDKI. However,
other molecular changes that showed an increase in abnormal protein expression but
did not reach a statistically significant difference were pRb in SH, cyclin D1 in all
NNEDV lesions and Bax in all NNEDV lesions, when compared to VIN adjacent to
SCC. There was no statistically significant difference demonstrated when comparing
NNEDV lesions adjacent to SCC and VIN adjacent to SCC for

p53

expression and TP53 mutational state, though NNEDV lesions showed increased
expression ofp21^^^'^^'^^‘

10.4. ii Clinical comparison:
Not only were molecular changes different but also clinical features were found to be
statistically significant between LS (not adjacent to SCC) and VIN (not adjacent to
SCC), including age, with LS patients being older; the majority o f VIN patients were
found to be immunosuppressed and this was statistically significantly different from
LS patients, and VIN patients had a past history o f other lesions (e.g. CIN and/or
VAIN) associated with HPV.

A statistically significant difference was demonstrated with age between NNEDV and
VIN lesions adjacent to SCC, with NNEDV patients being older. Other factors which
showed a difference but did not reach a statistical significance included patients with a
smoking history and a past history o f other lesions connected to HPV, with VIN
showing an increased incidence o f both.
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Data looking at blood groups indicate that SCCs associated with NNEDV lesions
showed increased prevalence o f blood group, A. This association with blood group A
was also demonstrated when comparing the control group and LS patients. No such
relationship was demonstrated for SCC associated with VIN or VIN not adjacent to
SCC.

10.5 ROLE OF HISTOLOGICAL AND CELL CYCLE CHANGES: AS
POTENTIAL PROSPECTIVE INDICATORS OF MALIGNANT CHANGE
The prospective study o f a patient, known to have LS, who previously had SCC,
showed that combining the immunohistochemical score for p53 and Ki67, along with
analysing specific histological changes (dVIN), can indicate areas which are at greater
risk o f developing SCC. This part o f the study also indicated that some patients, even
with adequate topical corticosteroid treatment, will still progress to SCC. Whether the
topical treatment enhances this change has yet to be elucidated, but there is as yet no
study showing that topical corticosteroids prevent SCC. Other molecular changes,
such as TP53 mutations did not appear to have a role in this particular prospective
study, though, in future studies, LOH analysis may be valuable as a prognostic
indicator.

10.6 SUMMARY;
LS:
LS not adjacent to SCC shows little cell cycle and apoptotic protein changes, though
treatment appears to alter some o f these; whether this alteration is long term is as yet
unknown. LS adjacent to SCC demonstrated a number o f cell cycle and apoptotic
protein changes (p53, Ki67,

and Bax, demonstrating abnormal expression

when compared to normal vulva.

LS adjacent to SCC showed both alterations in LOH at various loci and in mt TP53
which, in the majority o f lesions, implies that the LS are from the same clone o f cells
as the adjacent SCC. Age also seemed to play a part in the carcinogenic process with
patients with LS adjacent to SCC showing a statistically significant increase in age
compared to VIN patients, indicating that a longer time for the carcinogenic process to
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occur may be required. NNEDV lesions showed a change in histology and an increase
in expression o f p53 and Ki67 up to four years prior to the area developing SCC. This
patient studies also showed that the entire vulval epidermis can show alterations in
chromosomal loci without developing malignancy. LS and the SCCs associated with
them showed an increased prevalence o f blood group A.

SCC:
SCCs showed a number o f cell cycle proteins with abnormal expression (p53, Ki67,
p 2 iWafl/cipi)^ as well as changes in the apoptotic pathway (Bax). However, when
comparing the two forms o f SCC, i.e. those associated with NNEDV (LS and SH) and
those associated with VIN, only

showed a statistically significant

difference between the two, though SCCs associated with NNEDV patients were older
than those with VIN adjacent to SCC.

No abnormal protein expression was able to show a statistically significant difference
in recurrence or worse prognosis and few showed an association with
clinicopathological parameters except for grade.

TP53 mutations appear to play a significant role in SCC and these may be produced
via an endogenous process.

VIN:
H PV -16 was found in the majority o f VINs whether adjacent to SCC or not. SCCs and
VIN were identified with HPV -16 and concurrent TP53 mutations indicating that the
presence o f HPV or mutations in TP53 does not prevent the other from occurring. p53
over expression appears to be an indicator o f invasion in VIN.

NNEDV compared to VIN:
Though only one cell cycle protein showed a significant difference between NNEDV
and VIN lesions adjacent to SCC (plb^^"^"^) a number showed increased abnormal
expression in NNEDV lesions when compared to VIN (cyclin D1 and Bax) in both
those lesions not adjacent to SCC and those adjacent to SCC. Clinical features also
showed a significant difference between NNEDV and VIN lesions: age (NNEDV
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being older), immunosuppression, a past history o f HPV related lesions, smoking
(increased in VIN lesions) and blood group A (increased in NNEDV lesions).

LS and VIN may have related molecular changes through the cyclin D l/pR b pathway
(Figure 57); however, VIN molecular changes through this pathway are most probably
occurring via the binding o f the E7 protein o f H PV -16 to the LXCXE m otif o f pRb,
which is common to both E7 and pRb proteins. This releases E2F which is bound to
pRb and allows the cell to progress through into the S phase o f the cell cycle. NNEDV
lesions, on the other hand, generally appear to over express cyclin D l, which results
in phosphorylation o f pRb and the release o f E2F and progression through to the S
phase o f the cell cycle, which can be independent o f growth factors as a result o f the
over expression o f cyclin D l.

A further important difference is time, which is seen in the lesions not adjacent to
SCC and those adjacent to SCC, with lesions infected with HPV developing SCC at
least ten years earlier than lesions not associated with HPV. Time indicates that other
abnormalities in cell cycle and apoptotic proteins are involved, such as TP53
mutations; however, infection with HPV appears to increase the speed o f the
carcinogenic process as those patients with HPV infection are significantly younger
though other molecular changes are necessary. The relationship with blood group A
and NNEDV has been demonstrated but the explanation has yet to be fully elucidated.

10.7 CONCLUSION
SCC o f the vulva may arise through three separate pathways:
Through LS
Through VIN
Through normal vulva

The following conclusion addresses the three points o f the hypothesis:

Were there differences, at the molecular and histopathological level, between LS and
LS immediatelv adjacent to SCC? This analvsis would identify the molecular
pathways in the malignant progression o f LS.
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Previous work (Rosenthal et al, 2001) has shown a direct progression from VIN to
SCC. However this is the first large study to show a direct clonal progression from LS
to SCC. W ork comparing LS not adjacent to SCC and LS adjacent to SCC indicated
an increase in proliferation (measured by Ki67) and an abnormality in the apoptotic
pathway (through Bcl-2). The prospective study indicated that, as well as a
combination o f molecular and subtle histopathological changes (dVIN), time appeared
also to play a role both in the fact that LS patients which were adjacent to SCC
showed an increase in age and that in the prospective study molecular and
histopathological changes progressed over a period o f years. Certain molecular and
histopathological changes may be valuable as prognostic indicators.

Could such molecular markers be o f value as indicators o f survival and recurrence o f
SCC? Such identified differences could alter clinical management o f certain patients
and identify those who were at higher risk o f developing malignancv from LS.
Few proteins analysed were found to be useful indicators o f either survival or
recurrence though all proteins studied showed that abnormal expression indicated a
worse survival or increase risk of recurrence. However, the prospective study was
able, by combining subtle histopathological changes, to predict areas o f invasion.
Using these markers it may be possible to identify patients who are at an increased
risk o f progressing to SCC.

Are the biochemical pathways leading from LS to SCC may be different compared to
those leading from VIN to SCC?
The molecular pathology o f the two pathways, and also those o f normal vulva, leading
to SCC shows some similarities as indicated in Figure 57, e.g. increase in proliferation
(measured by Ki67). In addition, the cyclin D l/pR b pathway is commonly involved in
VIN or LS progression to SCC, although regulation is at two different points
(increased expression o f cyclin D l in LS or the presumed binding o f HPV-E7 to pRb
in VIN).

However, there are also several differences identified (apoptosis pathway, pl6^^"^^,
p 2 iWafl/cipi, J P 5 3 mutation and blood group A). Such differences were reflected in
clinical details (HPV-16 infection appears to result in earlier carcinogenesis).
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Figure 57: Potential pathways from LS, normal vulval tissue and VIN to SCC. Red
arrows indicate the LS pathway, blue arrows indicate the SCCs which apparently arise
from normal vulva and the yellow arrows indicate the VIN pathway. The boxes
indicate changes identified in this work (black text) or potential changes (red text) in
molecular and biochemical pathways.
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Appendix I:
Solutions, protocols and conditions.

Ii: Immunohistochemistry: Reagents and buffers
1% (y/v) Acid-alcohol
1400ml ethanol
580 ml distilled water
20ml concentrated HCl
Acetone
BDH

3-Aminopropvltriethoxvsilane solution (APES)
Sigma- Aldrich A3648

294ml o f acetone with 6ml APES.
Keep APES in fridge and dilute in acetone just prior to use.

APES coating for slides
1. Wash in detergent for 20 minutes.
2. Rinse in distilled water and dehydrate in methanol.
3. Dry at room temperature.
4. Drop in APES solution (in a fume cupboard), rinse in distilled water.
5. Dry overnight at 37®C.
Blueing Solution
Add 5g disodium tetraborate to 1litre distilled water.
0.5% (w/v) final concentration.
Bovine serum albumin
Fraction V, Sigma, A-2153

Citric acid monohvdrate
Merck, ‘Analar’ 100813M

Crvo-M-Bed
Depex
BDH 360294H

Diaminobenzidine (DAB)
Sigma-Aldich, D-5637
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Diaminobenzidine (DAB) Solution
Add 180mg o f 3, 3 ’-diaminobenzidine tetrahydrochloride to 270ml distilled
water.
30ml TBS.
1ml imidazole solution.
Add 120-gl hydrogen peroxide just before use.
Disodium hydrogen phosphate anhydrous
Sigma-Aldich, S0876

Disodium tetraborate
Merck, 102674E

Ethanol
Hayman ‘Absolute alcohol 100’

Formaldehyde
Formol saline
40% formaldehyde 100ml
Sodium chloride 9g
Water 900ml
Neutral buffered formaldehyde
40% formaldehyde 100ml
Distilled water 900ml
Sodium dihydrogen phosphate monohydrate 4g
Disodium hydrogen phosphate anhydrous 6.5g
Haematoxylin and eosin
For fixation-of 10 Neutral buffered formalin Sections 2-4 micron paraffin waxembedded sections:
Harris’ Haematoxylin
1% aqueous eosin
1% HCl in 70% 740P IMS
1. Take sections to tap water stain with Harris haematoxylin for 10 minutes
2. Wash in tap water
3. Differentiate in 1% acid alcohol for 20 seconds
4. Wash well and blue up for 5 minutes.
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5.

Stain with eosin for 3 minutes

6. Wash in tap water dehydrate clear and mount.

Hydrochloric acid- concentrated
Merck, ‘Analar’ 101250D

Hydrogen peroxide solution
Merck, ‘Analar’, 101284N

Add 10ml 30% hydrogen peroxide to 90ml distilled water.
Imidazole Solution
Merck, GPR, 285466K

Add 0.681 g imidazole to 100ml distilled water.
Store at 4®C.
O.IM imidazole solution
Industrial methylated spirit

Mayers Haemalum ‘Gurr’
BDH 350604T

Methanol
Merck, ‘Analar’ 101586B

NaCl
Merck, GPR, 301235Q

NaOH
Merck,’Analar’ 1913833%

Normal Human Serum
Withdraw 9ml o f blood into serum tube.
Allow to clot for Ih at room temperature.
Centrifuge at 2,3000rpm for 15min.
Remoye supernatant.
Heat at 56°C for 30min (water bath) to denature complement.
Store at -20°C in 500pl aliquots in Eppendorf tubes.
Normal Goat Serum
Dako, X0907

Normal Rabbit Serum
Dako, X0902
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Fresh Phosphate Buffered Saline
Sigma-Aldrich, P-4417

Dissolve 1 tablet in 200ml distilled water.
Phosphate Buffered Saline
ICN, 17-604-20

Dissolve 5 PBS powder sachets in 51 distilled water.
Check pH 7.4
Phosphate buffered saline- bovine serum albumin (PBS-BSA)
Weigh out lOOmg bovine serum albumin and dissolve in lOOmls PBS.
0.1% (w/v) BSA. Store at 4°C.

Polv-L-lvsine slides
BDH

Protease XXIV
Sigma-Aldrich, P8038

Protease solution for protease digestion
Dissolve 37.5mg protease XXIV in 200mls fresh PBS at 37°C.
Leave tissue sections in solution for 7 minutes.

Sodium Citrate Buffer
Weigh out 2.1 g citric acid monohydrate
Add 950ml distilled water.
Add 13ml 2M NaOH. Make up to 11.
Adjust pH 6.0. Store at 4°C.
0.0IM sodium citrate (pH 6.0 at 25°C)
Sodium dihvdrogen phosphate monohvdrate
Sigma-Aldrich, S3522

Streptavidin- biotin complex duet kit
Dako K0492

Tris TTris (hvdroxvmethvl)methvlaminel
Merck, ‘Aristar’ 452054C
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Tris-Buffered saline (TBS)
Weigh out 43.83g NaCl and 30.6g Tris base. Make up o 51 with distilled water.
Add -35m l o f concentrated HCl, ensure pH is at 7.6.
Store at 4°C.
0.05M Tris-HCl, 0.15M NaCl, pH 7.6
Xylene
Merck, ‘Analar’ 102936H
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Iii PRIMARY ANTIBODIES
A ntigen

Source

Species

Clone

Isotype

Human
p l6
Human
Bcl-2
Human
p53
Human
Ki67

PharMingen
13251A

Mouse
mono
Mouse
mono
Mouse
mono
Mouse
mono

G175-405

IgG l

124

IgGl,K

DO-7

XgG2b, K

MIB-1

IgG l

Dako,
M0887
Dako,
M7001
Immunotech

IM0505

Human
Bax
HPV

Pharmingen

Human
W AFl

CalbiochemNovabioche
m
OP64/OP64
C
Novocastra
NCL-Cyclin
Dl
CalbiochemNovabioche

(p21/CIPl)

Human
Cyclin D l
Human
Mdm-2

13666E
Dako

Rabbit
poly
Mouse
mono
Mouse
mono

Hybridom
a partners

Positive
control
Normal
tissue
B cell
lymphoma
EOC

Balb/c X
63
Ag8.653

Tonsil

Normal
breast
CIN III

K1H8

IgG l

EAIO

Ig G l,K

Fix
SP2/0

Normal
colon, UV
irradiated
skin

Mouse
mono

DCS-6

IgG2a

NS-2

Breast
carcinoma

Mouse
mono

IF2

IgG2b, K

Mouse
mono

IF8

IgG l

Sarcoma

m O P46

Human
RetinoBlastoma

Novocastra

Mouse
myeloma
Sp2/0
A gi 4

Normal (loss
o f Rb staining
that)

Appendix Table Iii: Antibodies, companies, clones and positive controls.
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Iii: SECONDARY ANTIBODIES
Species
Rabbit anti-mouse poly
Rabbit anti-mouse IgM poly
Goat anti-rabbit poly

Conjugate
Biotin
Biotin
Biotin

Source
Dako, B0354
Dako, E0465
Dako, E0432/K0492
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liv: MOLECULAR BIOLOGY; SOLUTIONS AND REAGENTS
Acrvlamide/bis solution
Biorad, 161-0154

2% Agarose gel:
IxTBE buffer
3g agarose
Ethidium bromide
1. Prepare electrophoresis tank (Bio- Rad Sub-Cell GT).
2. Make 150ml o f a 2% agarose gel. Weigh out 3g agarose into 500ml plastic
measuring jug and add 150ml IX TBE buffer, stir. Place in the microwave and
heat at high for 2 minutes until boiling.
3. Place agarose solution on a magnetic stirrer, and stir. Allow to cool for 5
minutes and then add 7.5pl o f ethidium bromide.
4. Allow agarose gel mixture to cool and the pour into prepared tank and allow
to set for 20 minutes.
Ammonium persulfate (APS)
Sigma-Aldrich, A7460

For 15% APS need 1.5g
10ml sterile distilled water (final concentration lOOpg/ml)

Ampli Tag®
Hoffmann-La Roche

Boric acid
Merck, molecular biology grade 007171174

Bromophenol blue
Sigma-Aldrich, B8026

Chloroform
Merck 100777C

Dental needles
Davies Health Care
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Q.5M Disodium ethvlenediaminetetra-acetate-H^O (EDTA) (pH 8.0)
Merck, Molecular biology grade- 007171453

A d d l8 6 .1 g o fE D T A .
800ml water.
Adjust the pH to 8.0 by adding ION NaOH .
Sterilise.
Dimethyl sulfoxide (DMSG)
Sigma-Aldrich, D8418

DNA extraction buffer
1.21gTris.
0.372g EDTA.
Dissolve in 750ml sterile water.
Check pH 8.5 and adjust.
Top up to 1 litre with more sterilised water.
Working concentration o f lOmM Tris, ImM EDTA.
DNA M olecular markers marker V
Boehringer Mannheim 821 705

8-587 base pairs
DNA Wizard clean up
Promega A 1 120

DNTPs
Pharmacia 27-2035-02

Dvnal R E L F^ HLA analysis
Ethanol
Merck 1009832500

5mg/ml Ethidium bromide
Sigma-Aldrich, E 1510

500mg ethidium bromide
100ml distilled water
Fetal C alf serum
GiBco

Amersham
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Glacial acetic acid
Sigma-Aldrich, A6283

Hot start Tag DNA polymerase
Qiagen 203203

PCR buffer xlO (Tris-Cl, KCl, (NH4)2S04,15mM MgClz)
MgClz 25mM
Hvdroquinone
Sigma-Aldrich, H9003

Lifecodes Tag polymerase
Loading dye
Promega G 1881

Denaturing loading dye
98% deionized formamide.
lOmM EDTA (pH 8.0).
0.025% xylene cyanol FF.
0.025% bromophenol blue.
IM MgCL
Dissolve 203.3g o f M g C ls^ O in 800ml o f water.
Adjust the volume to 1 litre.
Nucleon extraction kit
Proem DC6701

PCR purification kit
Qiagen (28104)

Proteinase K
Sigma-Aldrich, P2308

Polvacrvlamide gel
Biorad

10% Non-denaturing polvacrvlamide gel
3.5ml Acrylamide/bis solution..
50ml 1Ox TBE buffer.
450ml sterile double distilled water.
lOOpl ammonium persulfate (10% w /v).
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lOpl TEMED (N,N,N’N ’-tetramethylethylenediamine ).
10% denaturing polvacrvlamide gel
National Diagnostics

SequaGel (contains bis-acrylamide 19:1 and urea).
80ml SequaGel 6 monomer concentrate.
20ml SequaGel Buffer.
800pl 10% APS.
Polynucleotide kinase
MBI Fermentas EP0401

lOX PCR Buffer with
750mM Tris-HCl (pH8.8), 200mM (NH 4) 2S 0 4 , 0.1% Tween 20

25mM MgClz
Saran wrap
Sodium acetate
Merck, Molecular biology grade, 101539

2M Sodium acetate
27.22g NaOAc-SHzO
100ml distilled water
3M Sodium acetate
408.1g NaOAc-SHzO
Dissolve in 800ml distilled water, adjust pH 4.8 with glacial acetic acid and
bring volume to final volume to 1 litre.
Sodium bisulfite
Sigma-Aldrich, S8890

O.IM Sodium hydroxide
Merck ‘AnalaR’ 10252MJ

200g NaOH pellets in 350ml ultrapure water and make up to 500ml
5M Sodium hydroxide
Merck ‘AnalaR’ 10252MJ

Tag polymerase
Advanced Biotechnologies
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Tag buffer
1.25 ml o f 200mM (NH 4)S 0 4
750mM Tris-HCl, pH 8.8 at 25°C
0.1% Tween® 20
Tag MgCl?
1.25ml o f 25mM MgCl2
TEMED nsr.N,N"N’-tetramethvlethvlenediamine)
Sigma-Aldrich, T9281

Tris
Merck, AnalaR 1031536

IM Tris rTrisChvdroxymethvDmethvlaminel
121.gTris
800ml water.
Adjust pH to desired pH by adding concentrated HCl.

lOX Tris- borate- EDTA (TBE)
216g Tris base.
llO g Boric acid.
16.6 g EDTA.
add to 2 litres o f water.
or purchase from Biorad 161-0733

Tris-EDTA TTEl buffer
2ml IM Tris-HCl solution (pH 8.0).
0.4ml 0.5M EDTA solution (pH 8.0).
Add 200ml ultrapure water.
This gives a final concentration o f lOmM Tris-HCl, Im M EDTA (pH 8.0).
Sterilise.
IM Tris-HCl (pH 8.0)
60.57g Tris base.
Add 400ml ultrapure water.
Adjust pH to 8.0 by adding concentrated HCl (approximately 20ml).
Allow to cool, check pH.
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Make up to 500ml.
Sterilise.
Tétraméthylammonium chloride (TMAC)
Sigma-Aldrich, T3411

Toluidine blue
Sigma-Aldrich, T3260

Tween 20
Merck Molecular biology grade 007128198

Water-Ultrapure
Sigma-Aldrich, W4502

Whatman 3MM paper.
Wizard DNA Purification column
Promega

Yeast tRNA
Sigma-Aldrich, R8508

X-ray film
Kodak

Xylene cyanol FF
Sigma-Aldrich, X4126
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Nucleon DNA extraction for frozen tissue
1. Tissue is microdissected as per paraffin embedded tissue.
2. The tissue is mixed with 2.5 millilitres o f Reagent A (lOmM Tris-HCl, 320mM
sucrose, 5mM M gCb, 1% Triton X-100; pH adjusted to 8 using 40% NaOH; then
autoclaved).
3. Sample centrifuged at 1300g for 10 minutes.
4. Supernatant discarded.
5. 0.5ml Reagent B added (ensure SDS fully dissolved). Vortex briefly to re-suspend
the pellet.
6.

Transfer the suspension to an appropriate tube.

7. Add 150pl sodium perchlorate (for deproteinisation). Mix by inverting by hand.
8. Add 0.5 millilitres o f cold chloroform ( DNA extraction) mix by inverting to
emulsify.
9. Add 15Omis Nucleon ® resin, rotary mix for 5 minutes and centrifuge for 360g for
1 minute with small samples (i.e. <0.25g).
10. Transfer the upper phase to a further tube, without disturbing the Nucleon ® resin
(DNA precipitation).
11. Add 2 volumes o f cold absolute ethanol and invert until DNA is precipitated.
12. Centrifuge at 400g to pellet DNA and discard the supernatant. Add 1ml o f cold
70% ethanol to wash DNA if required and re-centrifuge.
13. Air dry the pellet and re-suspend in cold water.
Nucleon DNA extraction for whole blood
1. Blood is collected in a sodium EDTA tube.
2. To a 50ml polypropylene centrifuge tube 3-1 Omis blood added with 4 times the
volume o f reagent A (see above).
3. Rotary mix at room temperature for 4 minutes and then centrifuge at 1300g for 4
minutes. The supernatant is discarded without disturbing the pellet.
4. 2ml Reagent B is added to the pellet (cell lysis) and briefly vortexed to re-suspend
the pellet.
5. The cell suspension is transferred to an appropriate polypropylene centrifuge tube.
6. 500pl sodium perchlorate is mixed (deproteinisation) and inverted.
7. 2ml cold chloroform is added and mixed by inverting to emulsify phases (DNA
extraction).
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8. 300|il Nucleon ® resin is added and centrifuged at 1300g for 3 minutes.
9. The upper phase is removed to a fresh tube without disturbing the resin.
10. Two volumes o f cold absolute ethanol is added and inverted to precipitate the
DNA.
11. Centrifuge and the supernatant is discarded and the pellet air-dried and then
resuspended in sterile water.

323

Appendix II

Patient clinical details

1

Autoimmune
disease

History of
smoking

Past medical history

Past vulval
History

Length of
symptoms

Symptoms

Treatments prior to biopsy

N il

N il

Endometrial cancer requiring

LS and SCC

>4 years

Pruritus

Hydrocortisone,
Triadcortyl

hysterectomy.

Dermovate
2

N il

N il

Laparoscopic sterilisation.

N il

1 year

Pruritus

Nil

3

N il

N il

Nil.

Nil

Unknown

Pruritus

Aqueous cream

4

N il

N il

Nil.

LS

Unknown

Unknown

Dermovate

5

Psoriasis

N il

Nil.

LS

Unknown

Unknown

Dermovate

6

N il

Past

Laparoscopic sterilisation.

N il

Unknown

Unknown

Dinoestrol cream

7

N il

N il

Vaginal hysterectomy.

N il

Unknown

Unknown

Premarin cream,
Timodine

8

N il

N il

Nil.

N il

Unknown

Unknown

Triadcortyl, Daktacort
Dinoestrol cream,
Dermovate

9

N il

N il

Nil.

N il

Unknown

Unknown

Canestan, Hydrocortisone,
Dinoestrol cream

10

N il

N il

Nil.

N il

1 year

Pruritus

Hydrocortisone

11

N il

N il

Nil.

N il

Unknown

Unknown

N il

12

Nil

N il

Vulvectomy.

SCC

13

Ulcerative

Past

Breast cancer.

N il

Unknown

1 year

Pain

Dermovate, Testosterone,
Synalar

colitis
14

Unknown

Unknown

Vulvectomy.

SCC

Dermovate

Autoimmune
disease

History of
smoking

Past medical history

Past vulval
History

Length of
symptoms

Symptoms

Treatments prior to biopsy

15

N il

N il

Nil.

LS

> 4 years

Pruritus

N il

16

LS non genital

N il

T otal abdom inal

N il

> 4 years

Pruritus

Hydrocortisone, Canestan,
Dermovate, Betnovate

h ysterectom y. A n al fistula.
17

Ulcerative

N il

N il

LS

> 4 years

Pruritus

Betnovate, Dermovate

Nil

3 years

Pruritus

Dinoestrol cream,

hysterectomy.

colitis
18

Total abdominal

N il

Angina.

Betnovate

Ischaemic heart disease.
19

Thyroid

N il

Myocardial infarction.

Nil

Unknown

Unknown

N il

Notes not available.

20
21

N il

N il

Seborrhoeic keratosis.

Nil

> 4 years

Pruritus

N il

22

N il

N il

Nil.

Lichen simplex

Unknown

Unknown

Unknown

23

N il

N il

Breast cancer with métastasés.

LS

1 year

Pruritus

N il

N il

Total abdominal

Nil

1 year

Pruritus

Dermovate, Daktacort

24

Dinoestrol cream

hysterectomy. Asthma
25

Psoriasis

N il

Nil.

Nil

1 year

Pruritus

Locoid

Vitiligo

26

Thyroid

N il

Nil.

N il

2 years

Pruritus

Eumovate

27

N il

N il

Nil.

N il

Unknown

Unknown

Unknown

Autoimmune
disease

History of
smoking

Past medical history

Past vulval
History

Length of
symptoms

Symptoms

Treatments prior to biopsy

28

IDDM

N il

CIN. Asthma

VIN

3 years

Pruritus

N il

29

N il

N il

Vulvectomy.

LS

> 4 years

Pruritus

Dermovate, Trimovate
Canestan

30

N il

N il

N il

Unknown

Pruritus

N il

N il

Herpes simplex.

N il
Unknown

Notes not available.

31

32

Nil.

N il

2 years

Pruritus

Testosterone,
Hydrocortisone

33

N il

N il

Myocardial infarction.

LS

> 4 years

Pruritus

Dermovate

34

N il

N il

Bronchiectasis.

Nil

< 1 year

Pruritus

N il

35

N il

N il

Nil.

N il

1 year

Pruritus

N il

36

N il

N il

Carpel tunnel syndrome.

N il

Unknown

Pain

Hydrocortisone

37

N il

N il

Nil.

LS

Unknown

Pruritus

Aqueous cream

38

N il

N il

Vaginal hysterectomy.

Nil

Unknown

Pruritus

Dermovate

N il

< 1 year

Pain

Vaseline

Hypertension.
39

Thyroid

N il

Transitional cell carcinoma o f
the bladder. Hysterectomy.

40

Thyroid

N il

Hypertension.

N il

Unknown

Unknown

N il

41

Thyroid

N il

Hysterectomy.

Nil

Unknown

Pruritus

N il

N il

Rheumatic fever. Asthma

N il

Unknown

Pain

Unknown

42

43

Autoimmune
disease
N il

History of
smoking
N il

Length of
symptoms
3 years

Symptoms

Treatments prior to biopsy

Depression,

Past vulval
History
N il

Pruritus

N il

44

N il

N il

N il

N il

Unknown

Unknown

N il

45

N il

N il

Nil

N il

Unknown

Pruritus

N il

46

Non genital

N il

Eczema.

N il

Unknown

Unknown

Synalar

Past medical history

LS
47
48

Notes not available.
N il

N il

Nil.

N il
Nil

3 years

Pruritus

Canestan, Dinoestrol
cream

49

N il

N il

Laser cone for CfN III.

Nil

< lyear

Pain

N il

50

N il

N il

Hysterectomy.

Nil

2 years

Pruritus

Canestan

51
52

Unknown

N otes not available.
Nil

N il

Basal cell carcinoma.

LS

2 years

Pruritus

Actinic keratosis.
53

N il

N il

Basal cell carcinoma.

Synalar, Canestan
Hydrocortisone

Nil

> 4 years

Pruritus

Barrier cream.
Hydrocortisone, Canestan

54

Thyroid

N il

Nil.

N il

2 years

Pruritus

Canestan, Triadcortyl

55

Nil

N il

Nil.

N il

3 years

Pruritus

N il

56

Nil

N il

Cholecystectomy.

LS

Unknown

Pruritus

Dermovate

57

N il

Nil

Nil.

N il

> 4 years

Pruritus

Dermovate

58

Thyroid

N il

Atrial fibrillation.

LS

> 4 years

Pruritus

Hydrocortisone

59

Autoimmune
disease
Rheumatoid

History of
smoking
N il

arthritis
60

N il

Past medical history
Total abdominal

Past vulval
History
N il

Length of
symptoms
> 4 years

Symptoms

Treatments prior to biopsy

Pruritus

N il

N il

Unknown

Pruritus

N il

hysterectomy.
N il

Recurrent urinary tract
infections.

61

N il

N il

Vulvectomy for SCC.

LS, SCC

> 4 years

Pruritus

Trimovate, Dermovate

62

N il

N il

Nil.

N il

Unknown

Pruritus

Dermovate

63

N il

10 day

Vulvectomy for SCC.

SCC, LS

N il

N il

64

N il

N il

Nil.

N il

Unknown

Pruritus

Dermovate

65

N il

N il

Nil.

LS

> 4 years

Pruritus

N il

66

N il

N il

Basal cell carcinoma.

LS

> 4 years

Pruritus

Unknown

Appendix table Hi: Clinical details for non-neoplastic epithelial disorders o f the vulva. Two patients went on to develop SCC (they have one
study number).
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Study number
67

Age at biopsy
46

Past medical history
Nil.

68.

34

Nil.

69.

62

VIN III in past, smokes 30/day, small cell lung
cancer.

70.

60

Hypertension.

71.

29

CIN, laparoscopy.

72.

67

Mastectomy, iliostomy, ulcerative colitis, past
smoker.

73.

36

Nil.

74.

75

Nil.

75.

54

Actinic keratosis, benign vulval lesion.

76.

66

Benign vulval lesion.

77.

44

Benign vulval lesion.

78.

64

Benign vulval lesion.

79.

34

Benign vulval lesion.

80.

49

Benign vulval lesion.

81.

40

Benign vulval lesion.

82.

85

Benign vulval lesion.

Appendix Table Ilii: Clinical details concerning normal vulval tissue.
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Study number
83

Year of birth
1913

Clinical details
Smokes 20 a day. Known LS patient; treatment unknown.

84

1924

LS treatment unknown. Endometrial cancer.

85

1919

Nil.

86

1917

Notes not available.
Notes not available.

87
88

1907

Known LS treatment unknown. Pulmonary tuberculosis.

89

1935

Squamous cell carcinoma of the vulva, second recurrence; previous vulvectomy with
removal lymph nodes which were negative. Known LS treated with topical
corticosteroids.

90

1923

Known to have LS and SH treated with topical corticosteroids.

91

1936

Pulmonary tuberculosis. Pelvic fibroma. CIN III and genital warts.

92

1925

Total abdominal hysterectomy with bilateral salpingo-oophrectomy. Renal transplant.
Past smoker

93

1919

Hypertension. Cerebral vascular accident.

94

1920

Nil.

95

1905

Squamous cell carcinoma of the vulva; previous vulvectomy with removal lymph
nodes which were negative.

96

1914

Carcinoma of the cervix- Stage 2.

97

1918

Nil.

98

1937

Hypothyroid. Lymphosarcoma which required radiotherapy.

Study number
99

Year of birth
1904

Clinical details
Nil.
Notes not available.

100
101

1929

Basal cell carcinoma. Parotid carcinoma requiring radiotherapy.

102

1924

Endometrial carcinoma requiring surgery. Known LS treated with topical
corticosteroids.

103

1932

Rheumatoid arthritis.

104

1898

Hypertension. Squamous cell carcinoma requiring a vulvectomy, lymph nodes
removed but clear.

105

1943

Nil.

106

1932

Asthma, LS treated with topical corticosteroids.
SH in the past, treatment unknown. Squamous cell carcinoma requiring a vulvectomy

107
108

1962

Cone biopsy for CIN LU. Smokes 20 a day.

109

1914

Nil.

110

1927

Hip replacement. Known LS treated with topical corticosteroids.

111

1930

LS, treatment unknown.

112

1947

Past history of VIN and CIN. Smokes 10 a day.

113

1915

Squamous cell carcinoma of the vulva requiring a vulvectomy, lymph nodes removed
and clear.

114

1922

Nil.

study number

Year of birth

Clinical details

115

1921

Hysterectomy.

116

1925

Oophrectomy for a benign ovarian cyst. Phlebitis.

117

1922

Breast carcinoma treated with surgery and Tamoxifen. Hypothyroid. Known LS treated
with topical corticosteroids.

118

1910

Breast carcinoma treated with surgery and radiotherapy.
Notes not available.

119

120

1915

Rheumatic fever.

121

1916

Squamous cell carcinoma of the vulva requiring vulvectomy removal of lymph nodes
clear. Known LS treated with topical corticosteroids.

122

1927

Transitional cell carcinoma of the bladder. Smoked 20 a day.

123

1922

Vitiligo, Diabetic, myomectomy, known LS treated with topical corticosteroids.

124

1916

Hysterectomy. Squamous cell carcinoma of the vulva, requiring vulvectomy and lymph
node removal which were clear. Smokes 20 a day.

125

1943

CIN, smokes 15/day

126

1911

Nil.

127

1915

Squamous cell carcinoma of the vulva, requiring vulvectomy and lymph node removal
which were clear.

study number

Year of birth

Clinical details

128

1909

Squamous cell carcinoma of the vulva, requiring vulvectomy and lymph node removal
which were clear. Hysterectomy.

129

1908

Nil.

130

1930

Colposuspension.

131

1915

Squamous cell carcinoma of the vulva, requiring vulvectomy and lymph node removal
which were clear. Benign teratoma.

132

1960

Squamous cell carcinoma of the vulva, requiring vulvectomy and lymph node removal
which were clear. Smokes 40/day

133

1919

Hypertension.

134

1915

Nil.

135

1917

Ovarian cystectomy- oophrectomy.

136

1915

Nil.

Squamous cell carcinoma of the vulva, requiring vulvectomy and lymph node removal

137

which were clear.
33

1931

Known LS treated with topical corticosteroids. Myocardial infarction.

138

1905

Squamous cell carcinoma of the vulva, requiring vulvectomy and lymph node removal
which were clear. Asthmatic, diabetic.

139

1931

Psoriasis. Past smoker. Hysterectomy.

Study number
140

Year of birth
1943

Clinical details
Squamous cell carcinoma of the vulva, requiring vulvectomy and lymph node removal
which were clear. Smokes 15 a day.

141

Notes not available.

142

Notes not available.

143

Notes not available.

144

Notes not available.

145

1912

Nil.

146

1919

Hypertension. Known LS, treatment unknown.

147

1950

Asthma. Smokes 10 a day.

148

1932

Asthma. LS, treatment unknown.

149

Notes not available.

Appendix table Iliii: Clinical details o f patients known to have squamous cell carcinoma o f the vulva.

335

Stage

Grade

Depth
in mm

Size in cm

Vascular space
invasion

Lymph node status

Outcome

83

lb

2

<1

>2

No

Not removed.

Lost f/up

84

2

1

<1

<2

No

Not removed.

A+W 4 years

85

la

1

<1

<2

No

Removed and clear.

A+R 5years

86

la

<1

<2

No

Removed and clear.

A+W 1 year

87

2

1

>1

>2

No

Removed and clear.

Unknown

88

la

1

<1

<2

No

Removed and clear.

A+W 5 years

89

Recurrence

>1

<2

No

Removed prior.

A+R 1 year

90

la

1

<1

<2

No

Not removed.

A+W 1 year

91.

la

1

<1

<2

No

Not removed.

A+W 3 years

92.

2

>1

>2

No

Removed and clear.

Lost fup

93.

2

1

>1

>2

No

Removed and clear.

A+W 3 years

94.

2

1

<1

>2

No

Removed and clear.

A+W 5 years

95.

Recurrence

No

Removed prior.

Lost f/up

96.

3

97.

2

98.

99.

>1

<2

Yes

Removed and clear.

A+W 9 years

1

<1

>2

No

Not removed.

Unknown

la

1

<1

<2

No

Not removed.

Unknown

2

1

>1

>2

No

Not removed.

RIP 12 months from
métastasés

100.

2

1

>1

>2

No

Removed and clear.

A+W 4 years

Stage

Grade

Depth
in mm

Size in cm

Vascular space
invasion

Lymph node status

Outcome

101.

la

1

<1

<2

No

Removed and clear.

A+W 4 years

102.

la

1

<1

<2

No

Not removed.

A+W 5 years

103.

3

>1

>2

Yes

Not removed.

A+W 10 years

104.

Recurrence

No

Removed prior.

A+R 1 year

105.

la

1

<1

<2

No

Not removed.

Unknown

106.

la

1

<1

<2

No

Removed and clear.

A+W 3 years

107.

Recurrence

No

Removed prior.

RIP 6 years

108.

la

1

<1

<2

No

Not removed.

A+W 2 years

109.

2

1

>1

>2

No

Removed and clear.

A+R 2 years

110.

la

1

<1

<2

Not removed

A+W 6 years

111.

2

1

>1

>2

Not removed.

A+W 9 years

112.

2

>1

>2

Removed and clear.

A+W 2 years

113.

Recurrence

1

>1

<2

No

Removed prior.

Unknown

114.

3

1

>1

>2

Yes

Removed with

RIP 2 years later from

métastasés.

métastasés

Yes

115.

lb

1

>1

<2

No

Not removed.

A+W 8 years

116.

lb

1

>1

<2

No

Removed and clear.

RIP- post op
complications (PE)

117.

la

1

<1

<2

No

Not removed.

A+W 8 years later

118.

2

1

>1

>2

No

Removed and clear.

A+W 1 year later

Stage

Grade

Depth
in mm

Size in cm

Vascular space
invasion

Lymph node status

Outcome

119.

lb

2

>1

<2

No

Not removed.

A+W 2 years

120.

3

1

>1

>2

No

Removed and clear.

A+W 1 year later

121.

Recurrence

2

<1

<2

No

Removed prior.

A+R 8 years later

122.

lb

1

<1

No discrete No
mass

Removed and clear.

RIP but different cancer
2 years later

123.

lb

1

>1

<2

No

Not removed.

A+W 7 years later

124.

Recurrence

2

>1

<2

Yes

Removed prior.

A+W 4 years later

125.

2

1

>1

>2

Yes

Removed and clear.

Unknown

126.

2

1

>1

>2

No

Removed and clear.

RIP 3 years later
through métastasés

127.

Recurrence

1

128.

Recurrence

1

129.

2

1

>1

>2

130.

lb

1

>1

131.

Recurrence

1

>1

132.

Recurrence

133.

lb

1

>1

>1

>2

No

Removed prior.

A+W 3 years later

No

Removed prior.

A+R 1 year

No

Removed and clear.

A+W 1 year

No discrete No
mass

Not removed.

A+W 6 years

>2

No

Removed prior.

A+R 1 year

No

Removed prior.

A+W 7 years

No

Not removed.

RIP 1 year later not

<2

connected (MI)

134.

Stage

Grade

3

1

Depth
in mm
>1

Size in cm
>2

Vascular space
invasion
No

Lymph node status

Outcome

Removed- unilateral

A+W 3 years

node métastasés
(3+).
135.

la

2

>1

<2

No

Removed and clear.

A+W 12 years later

136.

Ib

1

>1

<2

No

Removed and clear.

A+R 2 years

137.

Recurrence

2

No

Removed prior.

A+W 2 years

33

3

3

Yes

Removed - unilateral

RIP 1 year later-

node métastasés

metastases

>1

>2

(2+).

138.

Recurrence

2

>1

>2

Yes

Removed prior.

RIP post op
complications

139.

lb

2

>1

>2

No

Not removed.

A+W 4 years

140.

Recurrence

1

<1

>2

No

Removed prior.

Unknown

141.

2

1

>1

<2

No

Removed- unilateral

Unknown

nodal métastasés.
142.

la

1

<1

<2

No

Not removed.

Unknown

143

la

1

<1

<2

No

Not removed.

A+W 1 year

144.

3

1

>1

>2

No

Unilateral node

A+R 5 years

métastasés.

145.

Stage

Grade

4

2

Depth
in mm
>1

Size in cm
>2

Vascular space
invasion
Yes

Lymph node status

Outcome

Removed- bilateral

Rip 1 year- métastasés

node métastasés.
146.

3

2

>1

>2

Yes

Removed bilateral

A+W 8 years

métastasés.
147.

2

1

>1

<2

No

Removed and clear.

A+W 3 years

148.

la

1

<1

<2

No

Not removed.

A+W 4 years

149.

la

1

<1

<2

No

Not removed.

A+W 6 years

Appendix Table Iliv: Clinicopathological details of patients with SCC.
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Study number

Date of birth

Past medical history

Smoking

150

1960

Renal transplant, dialysis following rejection, VIN III and

nil

CIN III.
151.

1965

152.

1949

TAH CIN III VAIN H, bone marrow transplant for

nil

leukaemia- RJP pneumococcal septicaemia.
CIN, psoriasis on immunosuppressive drugs, peptic ulcer.

nil

1964

VIN.

nil

156.

1945

VIN m.

157.

1966

CIN, VIN, congenital deficiency in T lymphocytes.

nil

158.

1952

Rheumatoid arthritis treated with azathioprine.

15 a day

159.

1942

160.

1949

Crohns disease treated with prednisolone.

nil

161.

1937

Lymphosarcoma, hypothyroid.

nil

153.

1952

154.

1935

155.

Table II v: Clinical details o f patients with vulval intraepithélial neoplasia (VIN).
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Appendix III.

Results for each patient

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26
27.
28.
29.
30.
31.
32.

Age
74
38
63
51
80
50
43
71
65
6
58
74
60
77
54
85
55
62
82
34
75
68
44
59
23
51
54
64
68
82
80
27

Treatment at time of biopsy
Dermovate
Nil
Aqueous cream
Dermovate
Dermovate
Dinoestrol
Timodine
Dermovate
Nil
Hydrocortisone
Nil
Unknown
Dermovate
Dermovate
Nil
Dermovate
Dermovate
Betnovate
Nil
Unknown
Nil
Unknown
Nil
Dermovate
Locoid
Eumovate
Unknown
Nil
Dermovate
Nil
Unknown
Hydrocortisone

p53
<10%
>10%
<10%
<10%
<10%
>10%
<10%
<10%
<10%
<10%
<10%
>10%
>10%
>10%
<10%
>10%
>10%
>10%
<10%
>10%
<10%
<10%
<10%
>10%
<10%
<10%
<10%
<10%
<10%
<10%
>10%
<10%

Ki67
10%
5%
0%
5%
25%
0%
0%
0%
15%
5%
0%
0%
0%
25%
0%
0%
25%
5%
0%
0%
5%
0%
5%
0%
0
0%
0%
5%
0%
0%
0%
5%

Cyclin D1

p21

0
+
0
0
+
0
+
0
0
0
0
0
+
0
+
0
+
0
0
0
0
+
+
0
0
0
+
+
+
0
0

0
+
+
+
+
0
+
+
+
+
0
+
+

+

PRb
+
+
+
+
0
+
0
+
+
+
0
+
+
+
+
0
0
0

0
0

0
0
0
+
0
0
0
+
0
0

0

0

0
+
+
0
0
0
0

BcI2

Bax

Mdm2

0
+
+
0
+
+
+
0
+
+
0
0
0
0
0
0
+
0
+
0
0
0
0
+
+
+
0
+
0
0
0

0
+
+
+
0
0
+
0
0
0
+
+
+
+
0

0
0
0
0
0
+
0
0
0
0
0
0
0
0
0

+
0
+
+
0
0
0
0
+
0
+
0
0

0
0
0
0
0
0
0
0
+
0
0
0
0

0

0

34.

Age
56
60
54

Treatment at time of biopsy
Nil
Dermovate
Nil

p53
>10%
>10%
<10%

Ki67
25%
20%
5%

Cyclin D1
+
+
0

35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.

62
42
42
74
66
72
65
60
27
45
25
28
53
56

Nil
Hydrocortisone
Aqueous cream
Dermovate
Nil
Nil
Nil
Unknown
Nil
Nil
Nil
Synalar
Nil
Nil

<10%
<10%
<10%
>10%
<10%
<10%
<10%
<10%
<10%
<10%
<10%
<10%
<10%
<10%

0%
5%
0%
0%
0%
5%
0%
0%
0%
10%

0
+
0
0
+
0
0
0
+
+
0
+
+

49.
50.
51.
52.
53.
54.

59
59
49
77
78
58
54
83

Nil
Canestan
Unknown
Synalar
Nil
Triadcortyly
Nil
Dermovate
Dermovate
Dermovate
Synalar
Dermovate
Hydrocortisone
Nil
Nil

<10%
<10%
<10%
>10%
<10%
<10%
<10%
<10%
>10%
>10%
>10%
>10%
<10%
>10%
>10%

33.

55.
56.
57.

58
59.
60.

55
55
57
58
87
66
13

5%
5%
5%
10%

5%
0%
15%
25%

0%
25%
5%
0%
25%
15%
20%
25%
0%

0%
5%

+

p21
+
+
0
0
+
+
0
0
+
+
0
0
+
+

PRb
+
+
+

Bcl2
0
0
+

Bax
+
0
0

Mdm2

0
0
+
0
+
+
0
+
+
0
0
+
0

0
+
+
0
0
+
+
0
+
+
+
+
+

0
0
0
0
+
+
0
0
0
0
0
0
0

0
0
0
0
0
0
0
+
0
0
0
0
0

0

62.

Age
58
59
48

Treatment at time o f biopsy
Nil
Trimovate
Dermovate

63.
64.
65.
66.

62
57
67
?

Nil
Dermovate
Nil
Unknown

61

p53
<10%
>10%
>10%
>10%
>10%
>10%
<10%
<10%

Ki67
0%
50%
25%
10%
0%
5%
0%
10%

Cyclin D1
0
+

P21
+

+

PRb
+
0

Bcl2
0

+

Bax
+

Mdm2
0

0

Appendix Table III i: Demonstrating each patients IHC results for LS patients.
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Study number
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

p53
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Ki67
0
5%
0
0
5%
0
5%
5%
10%
5%
5%
5%
5%
5%
0
0

pRb
0
+
+
+
+
0
+
+

Cyclin D1
+
0
+
0
0
+
0
0

BcI2
0
+
0
+
+
0
+
+

Bax
0
0
0
0
0
0
0
0

P21
<10%
<10%
<10%
<10%
<10%
<10%
<10%
<10%

P16
0
0
0
0
0
0
0
0

Table III ii: Results o f IHC for normal controls.
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Patient and histology
83. SCC
{SH
{LS
84. SCC
85. SCC
86. SCC
{LS
87
SCC
{VIN
88
V SCC
{N
89 eSC C
LS
90 eSC C
{LS
91 eSC C
VIN
N
92
SCC
{VIN
(N
93. SCC
94. SCC
{VIN
#VIN
95.
SCC
{SH
{LS
96. eSC C
97.
SCC
(N
98. SCC
{VIN

pRb
+
+
+
+
+
0
0
+
0
0
0
+
+

Bax
+
+
+
+

BcI2
0
0
0
+

Mdm2
0
0
0
0

p21
75%
75%
75%
75%

p l6
0
0
0
+

0
0

0
0

0
0

75%
25%

0
0

0
0
0
0

0
0
0
0

0
0

20%
0
25%
25%

+
+
+
0
0
0
+
0
0

4-

+
0

0
0
0

+

0

+
+
+
0
+
+
+
+

0
0

0
0

0

0
0
0

0
0

25%
25%
25%
75%
50%
25%
50%
25%
75%
75%
50%
50%
50%
25%
25%
0%
15%
25%

0
0
0
0
0
0
0
0
0
0
0
0
0
0

p53
+
+
+
0
+
+
0
+
+
+
0
+
+
0
+
0
0
0
0
0
0
+
0
0
0
+
0
0
0
+
0
+
+

Ki67
50% L
5%
5%
5%L
15% B
75% B
75%
20% L
20%
0
25%
50% L
25%
25% D
25%
5%L
0
10%
5%D
5%
5%
75% L
50% D
50%
15%
20% L
20%
20%
0
5%L

5%
25% D
25%

Cyclin D1
0
0
0
+
0
+
+
0
0
0
0
+
+

+
0
0
0
0
0
+
0
0
0
0
0
0
0
0
0
0
0

Patient and histology
99. SCC
{SH
100. SCC
(SH
101.SCC
{LS
102.SCC
{SH
#LS
103.b #SCC
vSC C
{VIN
104. SCC

pRb

BcI2

Mdm2

0
0
0
0
0
0

+
+
+
+
0

#scc

+

105.SCC
VIN
106.SCC
SH
107. SCC
108. SCC
{VIN
VIN
109. SCC
{VIN

0
0

N

Bax

+
+

+
0
+
+
+
+
+
+
+

P21
75%
5%
20%
0%
20%
0%

25%
10%
0

0

p l6
0
0
0
0
0
0
0
0
0
0

+
0
0

0
0
0

0
0
0

+
+
0

0
+
0

0
0
0

75%
10%
10%
50%
10%
10%
50%

+
+
+
0
+
+
+
+
+

IIO.SCC
111. b SCC
{LS
bSC C
{LS
v#L S
112.SCC
LS

0
0
+
0
0
+
+

0
0

75%
10%
25%
25%
25%

0
0
0
0
0
0
0
0

+
+
+
+
+
0
0

0%
0%

0
0
0

p53

+

0
0
0
0
0
0
0

+
+
0
+
+
+
+
+
0
+
+
0
+
0
0
0
0

Ki67
25% D
5%
20% L
20%
20% L
20%
10% L
10%
5%
50%
0%
20%
25% L
25%
10% L
5%
10% L
10%

5%B
25% L
25%
10%
25% L
75%

5%
75% L
25% D

50%
25% D
35%
25%
5%D

5%

Cyclin D1
0
0
0
0
0
0

+
0
0
0

+
+
0
0
0
0

+
+
+
+
+
+
+
0
0
0
+
0
+
0
0
+
0

Patient and histology

pRb

Bax

BcI2

Mdm2

p21

p l6

p53

Ki67

Cyclin D1

113.ESCC
{SH
(LS
114.SCC
{SH
115.SCC
{LS
SCC
{LS
116. SCC
SH
117. e SCC
{VIN
118. SCC
{LS
SCC
{LS
119.bSC C
v#L S
120. SCC
{SH
LS
121 SCC
{LS
122 b SCC
{LS
bSC C
{LS
v#SC C
{LS
123. e SCC
LS
124. SCC
{VIN

0
0
0
+
+
+
+
+
+
+
0
+
+
+
+
+
+
+
+
0
0
0
+
+
+
+
+
+
+
+

+
0
0
+
4-

0
0
0
0
0

0
0
0
0
0

20%
20%
20%
20%
20%

+
+

0
0

0
0

+
+
0
0
0
+

0
0
0
+
+
+

0
0

0
+
0
0
0
0
0
0
0
0
0
0
0
0
0

0
+
0
0
0

0
0
0
0
0

0
0
0
0

0
0
0
+
0
+
0
+
+
+
+
+
0
+
+
+
0
+
0
0
0
0
+
0
+
+
+
+
+
+
+
0
+
+

5%L
5%
5%
10% L
25%
10% L
10%
50% L
45%
20% L
5%
50% L
20%
50% L
5%
50% L
5%
0%
50%
25% L
10%
25%
5%L
5%
0%
0%
0%
10%

0
0
0
0

50%
75%
25%
25%
75%
50%
75%
50%
75%
50%
75%
10%
10%
0%
50%
10%
25%
25%
25%
25%
25%
25%
25%
50%
50%
50%
10%

0
0
0
0
0
0
0
0
0

+
0
0
+
+
0
0
0
0
+
+
+
0
+
+
+
+
+
+
+
0
+
0
0
0
0
0
0
0
0
+
+
0
0

0
0
+
0

0
0
0
0
+
0
0
0
0
0
0
0
0
0
0

+
+

0%
0%
75% D
25%

Patient and histology

pRb

Bax

Bcl2

Mdm2

125. s e e

+
+
0
0

0
+
0

0
0
0

0
0
0

{VIN
126 . s e e
{SH

see
{SH

127. s e e
{SH
128 . V s e e

b #see
129. s e e
{SH

130. V s e e
#LS

b #see
{LS

131b # s e e
vsee
{LS

132 s e e
{YIN
{N

133. b s e e
{LS
v#L S

134.. s e e
i3 5 .b # s e e
vsee
{LS

vsee
{LS

136. s e e
137. s e e

+
+
+
+

+
+
+
+
0
0
+
0
+
+
+
0
+
+
+
+
0
+
+
0
0
0
0
+
+

P21
0%

20%
75%

75%
75%

75%
+
0

0
0

0
0

0
0

0
0

0
0

25%
25%

25%
5%

75%
25%
75%
25%

0
0
0
0
0
0
0
0

+

0
0
+
0
0
0
0
0

0

0
0
0
0
0
0

0

p l6

75%
25%
0%
5%

20%
20%
50%
75%

75%

0
0
0
0
0
0
0
0
+
0
0
0
0
0
0
0
+
+
0
+
+
+
0
0
0
0
0

p53

0
0
0
+

0
0
0
0
+

+
+
+

Ki67
0%

0%
25% L
20%
20%
25%
10% L
10%
50% L
25% L
25%L
5%

Cyclin D1

0
0
0
0
0
0
+
+

0
0
+
0

+
+

0
50% L
30% B
20% B
15%
20%
20%

0

0%

+
0
0
+
0
+
+
0
0
0
+
+
0
0
+
+
+
0
0
0

+

50% D

+

+
+
+
+

25% L
10%

0
0
0

5%

+

+
0
+
+
0
+
+
+
+

25%

15%
25% D
5%

75% L
20%
50%
5%L
5%

Patient and histology

pRb

+
+
+

141. s e e
142. s e e
LS
143. s e e
{SH
144. s e e

+
+
+
+
0
0

145. s e e
146. s e e

0
0
0
0
0

see
{LS
LS

147. s e e
148. s e e
149. s e e
{ VIN
{= contiguous

Bcl2

Mdm2

0
0
0
0

33. b s e e
{SH
v#see
{SH
138. s e e
139. s e e
{LS
LS
140. s e e
{LS
{SH

{LS

Bax

p21
25%
25%
25%

25%

p l6

0
0
0
0
0

10%

+

0
+
+
+
+

+

0

0

15%

0
0

0
0

0
0

50%

0
0
0

25%

0
0
0
0

0
0
0
0

25%
25%

0

0

25%

25%
25%

0
0
0

# - different time B x= biopsy

0
0

0
0

V = vulvectom y

p53
+
+

Ki67
5%

Cyclin D1

0
0
0
0

+
+

10%
10% L
10%
40% D
25% L
25%
15%
50% D

+

25%

0

25%

+
+
+
+
+

25% L
50% L
25% D
50%

+

25%

+
+

+

25%

+

0
0
0

0
0
0

0
0
0

0
0
+
0
+
+

0
0

0
0
+
+
0
0

0
0
+
+
+

25%

50% L
5%

20% L
20%

+
+
+

+

0
+
+
+

E= wide excision

Appendix Table III iii: Immunohistochemical details o f squamous cell carcinomas and the adjacent lesions.
351

stu d y number
150.
151
152
153
154
155
156
157
158
159
160
161
162
91.

HPV-IHC
0
0

see

+
+

+
+

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

VIN
N
87.

see
VIN

98.

see
VIN

103.

see
VIN

124.

see
VIN

92.

see
VIN
N

94.

see
VIN

108.

HPV-PCR

Lesion
VIN
VIN
VIN
VIN
VIN
VIN
VIN
VIN
VIN
VIN
VIN
VIN
VIN

see
VIN

+
0
0
0
0
0
0
0
not done
not done
not done

+
+
+
0
Not done

+
+
+
0

+
Not done
Not done
Not done

+
+
Not done
0

+
+
+

Not done

Not done
0

+

K167
50%
50%
25%
5%
25%
25%
25%
10%
15%
15%
15%
50%
5%
5%
0%
10%
20%
20%
25%
25%
0%
20%
75%
25%
5%
5%
5%
50%
50%
25%
25%

pRb

+
0

+
0
0
0

+
0

+
+
+
+
+
+
+
+
+
0

+
+
+
+
+
0
0
0
0
0
0

+
+

Cyclin D1
0
0
0
0
0
0
0
0
0
0
0
0
0

+
0
0
0
0
0
0

+
+
0
0
0
0
0
0
0

+
+

P53
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

+
+
+
+
+
+
+
+
0
0
0
0
0

+
+

Study number

Lesion

HPV-IHC

105.

see

0
0
0
0
0
0
0
0
0
0
0
0
0
0

VIN

117.

see
VIN

132.

see
VIN
N

109.

see
VIN
N

125.

see
VIN

149.

see
VIN

88.

see
N

97

see
N

148

see

0
0
0
0
0

HPV-PCR
Not done

K167

pRb

Cyclin D1

P53

10%

0
0

0
0

+

+

0
0
0
0

0

5%

0
0

+
+

50%
20%

+
+

0

75%
20%

+

0
0
+

0
+
+
+
+
0
0
+
0
+

50%
25%
75%
5%
0%
0%
20%
20%

0%
25%
25%
0%

5%

0
+
+
+
+
+
+
+
+
+
0
0
+
+
+

+

0
0
0
0
0
0
0
0
0
0
+

+
+

0
+
+

0
0
0
+
+
+
0
+
0
0

Table Ill.iv - Immunohistochemistry and HPV-16 DNA results
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Study
number
83

Lesion

Tp53

9q

294

972

10q24

2 2 q ll.2

see

LOH
Ret
Ret
Not worked
MSI
MSI
MSI
MSI
Ret
Ret
Ret
Allelic imbalance
Allelic imbalance
Ret
Allelic imbalance
Ret
Ret
Ret
LOH
Not informative
Not informative
Not informative
Not informative
Not informative
not worked
Ret
Not informative
Not informative
Not informative

MSI
Ret
Ret
Not worked
MSI
Ret
Ret
Ret
Ret
Ret
LOH
Ret
Ret
Not informative
Not informative
MSI
MSI
MSI
Not informative
Ret
Ret
Ret
Not informative
Not informative
Not worked
Not worked
Not worked
Not worked
Not worked

LOH
Ret
Ret
Ret
Ret
Ret
Ret
Ret
Ret
Ret
LOH
Ret
Ret
MSI
MSI
Ret
Ret
Ret
Not worked
Ret
Ret
Ret
Ret
Ret
Ret
Not worked
Ret
Ret
Ret

Not informative
Not informative
Not informative
Not worked
MSI
MSI
Ret
Ret
Not informative
Not informative
Not informative
Not worked
Not worked
Ret
Ret
Not informative
Not informative
Not informative
Not worked
Allelic imbalance
Ret
Ret
Ret
Ret
Not worked
Not worked
Ret
Ret
Ret

MSI
Ret
MSI
Not performed
Ret
LOH
Ret
Ret
Not worked
Not worked
Not worked
Not worked
Not worked
Ret
Ret
Not performed

LOH
LOH
LOH

SH
LS
107
111

see
see
LS
SH
LS*

118

see
SHO
LS

119

see
LS*

121

see
LS

127

see
SHO
LS

129
131

see
see
SHO
LS

133

see
LS

33
144
89

see
see
see
SH
LS

Not performed
Ret
Ret
Ret
MSI
MSI
Not performed
Not performed
LOH
LOH
LOH

MSI
MSI
Ret
Ret
Not worked
Not worked
Not worked
Ret
Ret
Ret
LOH

Not performed
Ret
Ret
Ret
Not worked
MSI
Not performed
Not performed
LOH
LOH
LOH

Table III v LOH results.
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Study number

Lesion

IHC

Exon (s) with mutation

Codon and amino acid change

LOH in p53

83

see

Positive
Positive
Positive
Negative
Positive
Negative
Positive
Negative
Negative

Exon 5
Exon 5
Exon 5
Exon 5
Exon 5
Exon 5
Exon 5
Wild type
Exon 5 & 7

Codon 136 CAA^TAA Gln^stop
Codon 136 CAA—>TAA Gln->stop
Codon 136 CAA->TAA Gln^stop
Codon 136 CAA^TAA Gln^stop
Codon 136 CAA->TAA Gln^stop
Codon 136 CAA->TAA Gln^stop
Codon 136 CAA->TAA Gln^stop

LOH
Ret
Ret

Positive
Negative
Positive
Negative
Negative
Negative
Positive
Positive
Positive
Positive
Positive
Negative
Positive
Negative
Negative
Negative

Exon 5
Wild type
Exon 5
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Exon 5
Exon 5
Wild type
Exon 5
Exon 5
Wild type
Wild type

SH
LS
84
86

see
see
LS

88

see
N

96

see

97

see
N

99

see

100

see

107
108

see
see

SH
SH

VIN
109

see
VIN
N

111

see
LS
SH
LS*

Not performed
Not performed
Not performed

Codon 136 CAA—>TAA Gln->stop
Codon 244 GGC^GGT G ly^G ly
Codon 136 CAA^TAA Gin—>stop

Not performed

Codon 136 CAA-^TAA Gln->stop

Not performed

Not performed

Not performed
Not performed
Not performed

Codon 136 CAA->TAA Gin—>stop
Codon 136 CAA->TAA Gin—>stop

Not performed

Codon 136 CAA-^TAA Gin—>stop
Codon 136 CAA^TAA Gln->stop

MSI
MSI
MSI
MSI

study number

Lesion

me

Exon (s) with mutation

Codon and amino acid change

LOH in p53

113

see

Negative
Negative
Negative
Negative
Positive
Negative
Positive
Positive

Exon 5
Wild type
Wild type
Exon 5
Exon 5
Wild type
Exon 5 & 7
Exon 5 & 7

Codon 136 CAA->TAA Gln^stop

Not performed

Codon 136 CAA—>TAA Gln->stop
Codon 136 CAA—^TAA Gin—^stop

Not performed

Positive
Negative

Wild type
Wild type

Not performed

Wild type
Wild type
Wild type
Exon 6
Wild type
Exon 5
Exon 5 & 7
Exon 5
Wild type
Exon 6
Wild type
Exon 5 & 7
Exon 7

Ret
Ret
Ret

Sho
LS

Positive
Positive
Positive
Positive
Negative
Negative
Negative
Positive
Negative
Positive
Positive
Negative
Negative
Negative
Negative
Negative

see
see

Positive
Positive

Exon 7
Exon 5 & 7

She
SH
LS
114

see
SH

115

see
LS

117

see
VIN

118

see
Sho
LS

119

see
LS*

120

see
SH

121

see
LS

124

see
VIN

126

see
SH

127

129
130

see

Exon 5 & 7
Exon 7
Exon 5

Codon 136 CAA^TAA Gin—>stop &
Codon 248 CGG ->CAG A rg ^ Gin

Codon 213 CGA -> TGA Arg-> Stop
Codon 136 CAA—>TAA Gln->stop
Codon 248 CGG ^ C A G A r g ^ Gin & 136
Codon 136 C A A ^ T A A Gin—>stop
Codon 214 CAT —>GAT His—^Asp
Codon 136 CAA—>TAA Gin—>stop &
Codon 258 GAA ^ GAG G lu ^ Glu
Codon 136 CAA—>TAA Gin—>stop &
Codon 235 AAC —^AGC Asn —^ Thr
Codon 136 CAA—>TAA G ln^stop
Intron between 7 & 8
Codon 136 CAA->TAA Gin—>stop
Codon 248 CGG ->CAG Arg-> Gin

Not performed

Allelic imbalance
Allelic imbalance
Not performed
Retention
Allelic imbalance
Not performed
Not performed
Ret
Ret
Ret
LOH
Not performed

Study number

Lesion

me

Exon (s) with mutation

Codon and amino acid change

LOH in p53

131

see

Negative
Negative
Negative

Exon 6
Exon 5
Wild type

Codon 214 CAT ->GAT H is^ A sp
Codon 136 CAA->TAA Gln->stop

Not informative
Not informative
Not informative

Codon 136 CAA->TAA G ln^stop
Codon 136 CAA->TAA Gln->stop

Not performed

Codon 136 CAA->TAA Gln->stop
Codon 136 CAA->TAA Gln-»stop

Not informative
Not informative

Sho
LS

see

LS

Positive
Positive
Negative
Positive
Positive

135
33

see
see

Positive
Positive

Exon 5
Exon 5
Wild type
Exon 5
Exon 5
Wild type
Exon 5 & 7

144

see

Positive

Exon 5

89

LS*
LS*

Negative
Positive
Positive
Positive
Positive

Wild
Wild
Wild
Wild
Wild

132

VIN
N
133

see

see
LS
SH

type
type
type
type
type

Codon 136 C A A ^ T A A Gln->stop &
Codon 234 TAC->TAA Tyr ->Stop
Codon 136 CAA—>TAA Gin—>stop

Not performed
Not performed
Ret

Not informative
Not informative
Not informative

Table III vi: p53 results IHC, TP53 mutations and LOH.
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Study
number

88

lesion

IHC

P53 mutation/wild type

HPV- PCR result

see

Positive
Negative
Positive
Negative
Negative
Negative
Positive
Positive
Positive
Positive
Positive
Negative

Codon 136 CAA->TAA Gln-^stop
Wild type p53
Codon 136 CAA—^XAA Gin—^stop
Wild type p53
Wild type p53
Wild type p53
Wild type p53
Wild type p53
Wild type p53
Codon 136 CAA->TAA Gln->stop
Codon 136 CAA->TAA Gln->stop
Wild type p53
Wild type p53
Wild type p53
Codon 214 CAT —>GAT His—^Asp
Wild type p53
Codon 136 CAA->TAA G ln^stop

Negative
negative
Positive
Negative
Positive
Positive
Negative
Negative
Positive
Negative
Positive
negative
Positive
Positive
Positive
Positive

N
97

see
N

100

see
SH

107
108

see
see
VIN

109

see
VIN
N

117

see
VIN

124

see
VIN

127

see
She
LS

132

see
VIN
N

89

see
SH
LS

Positive
Negative
Positive
Positive
Negative
Negative
Negative
Positive
Positive
Positive
Positive
Positive
Positive

Negative
Codon 136 CAA->TAA Gln->stop
Codon 136 CAA—^TAA Gin—^stop
Codon 136 CAA—^TAA Gin—^stop
Wild type p53
Wild type p53
Wild type p53
Wild type p53

Negative
Positive
Negative
Negative
Negative
Negative

Table III vii: IHC, TP53 mutations and HPV-PCR results.
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