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ABSTRACT

Phyllodes tumours are uncommon fibroépithélial mammary lesions which may show a 

spectrum of behaviour from benign through to sarcomatous transformation. For this 

study 124 paraffin embedded phyllodes tumours were collected. The epithelium and 

stroma were microdissected allowing analysis of each component separately. The results 

show that allelic imbalance can occur in both the stroma and epithelium, sometimes as 

independent genetic events. These findings throw into doubt the classical view that 

phyllodes tumours are simply stromal neoplasms and raise questions about the nature of 

stromal - epithelial interactions in these tumours. The HUMARA assay and FISH were 

used to look at the clonal origins of phyllodes tumours. These experiments suggest that 

the stroma and epithelium do not arise from the same malignant clone. Stromal- 

epithelial interactions were studied by assessing the Wnt and IGF pathways in these 

tumours. These experiments show that stromal proliferation in benign phyllodes tumours 

relies on abnormalities in these pathways which result not from mutation but from Wnt 

over-expression in the epithelium and IGF over-expression in the stroma. In malignant 

phyllodes, however, this does not appear to be the case, the stromal proliferation appears 

to become independent of the Wnt pathway. Further investigation of malignant tumours 

has been performed using immunohistochemistry, and comparative genomic 

hybridisation in order to try and elucidate the cause of malignant transformation in these 

tumours, c-myc and c-kit over-expression have been shown to be common in malignant
f

tumours and in some cases c-myc over-expression is due to gene amphfication.
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C h a p t e r  O n e

INTRODUCTION

The purpose of this research was to try and identify pathways of tumourigenesis in 

phyllodes tumours of the breast. Unlike breast carcinomas, which often have multiple, 

confounding genetic abnormalities, phyllodes tumours are generally benign tumours and 

therefore will have acquired fewer chromosomal changes, though some of these changes 

are similar to those observed in some breast carcinomas. Thus in these more benign 

tumours it may be possible to identify more easily which chromosomal changes are 

important. Although phyllodes tumours have classically been said to have a stromal 

origin and sometimes progress to sarcoma, they can also harbour areas of breast 

carcinoma in their epithelium. It may therefore be possible to relate the findings made in 

phyllodes tumours to breast carcinomas and to sarcomas outside the breast.

L I  THE NORMAL BREAST

The breast consists of supporting stroma and epithelium. The epithelium is bilayered 

consisting of an outer myoepithelial layer and an inner epithelial layer, which together 

line the ducts and lobules. A lobule together with its terminal duct are known as the 

terminal duct-lobular unit. The lobules consist of a number of blind ending ductules 

known as acini. The stroma can be divided into interlobular and intralobular stroma 

(Figure 1.1). The interlobular stroma tends to be more densely fibrotic and is admixed 

with variable amounts of adipose tissue. With increasing age the proportion of inter

lobular adipose tissue increases. The intralobular stroma which is arranged as a

16



C h a p t e r  O n e

ball/spheroid around the lobule appears distinct, particularly in the younger breast. It 

typically has a looser texture and is more cellular; although in the elderly breast the 

appearance is often identical to the inter-lobular stroma.

7.2 FIBROEPITHELIAL LESTONS OF THE BREAST

Phyllodes tumours and fibroadenomas are examples of fibroépithélial lesions of the 

breast, of these fibroadenomas are the most common. These lesions all have the same 

basic architecture and distinguishing them from each other can sometimes be difficult. 

The pattern of growth in these types of lesions can be described as pericanalicular, 

where the stroma surrounds the rounded epithelial elements, or intracanalicular in which 

the epithelial elements are stretched, distorted and compressed by the proliferating 

stroma (Figure 1.2). Tubular adenomas are also fibroépithélial lesions where the 

epithelial element has out-grown the stroma and they lack the stromal hyperplasia seen 

in the previously mentioned tumours.

17
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Figure 1.1: The benign breast

(a) The benign breast (magnification x40)

‘Âiiii'A PLobule

(b) The benign breast (magnification xlOO), note the looser nature of the 

intra-lobular stroma within the lobule

7
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C h a p t e r  O n e

Figure 1.2: Illustration o f intracanalicular and pericanalicular growth
(a). Intracanalicular growth in a benign phyllodes tumour

(b). Pericanalicular growth in a fibroadenom a

V;
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C h a p t e r  O n e

1.3 PHYLLODES TUMOURS

Phyllodes tumours were first described by Chelius in 1828, but it was Johannes Muller 

who named them cytosarcoma phyllodes in 1838 and is often credited with their first 

description. The name was given to describe their gross appearance, often cystic with a 

fleshy morphology and leaf-like appearance on the cut surface, rather than their 

malignant potential. In fact they were initially thought always to be benign lesions until 

Lee and Pack reviewed a series of 105 cases in 1931 and realised that these tumours also 

had malignant potential (Lee and Pack 1931). Phyllodes tumour is the name now 

recommended by the World Health Organisation to describe these tumours. The 

definition of a phyllodes tumour is a fibroépithélial neoplasm of the breast arising in 

periductal connective tissue and having a richly cellular component, with one or more 

components of mesenchymal origin. The epithelial element has to be an integral part of 

the neoplasm rather than engulfed residual ductal tissue.

1.3.1 INCIDENCE

Phyllodes tumours account for 1% of all mammary neoplasms and 2.5% of 

fibroépithélial lesions in the breast (Pietruszka and Barnes 1978) in contrast to 

fibroadenomas which are the commonest benign breast lesion.

Most phyllodes tumours are benign. The incidence of malignant tumours varies 

widely in different reported series (Table 1.1). The reason for this variation is the lack of 

standard interpretation of the histological features used to define benign and malignant

20
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phyllodes tumours. For this reason some authors have introduced a category of 

borderline malignancy.

Phyllodes tumours are predominantly breast neoplasms but similar lesions have 

been reported as occurring in the prostate gland (De Siati et al. 1999) (De Raeve et al. 

2001) and in supernumerary breast tissue in the vulva (Tresserra et al. 1998).

21



Series Year o f 
Publication

Size o f 
Series

Tumour Classification Number o f recurrences Number o f métastasés
Benign Borderline M alignant Benign Borderline M alignant Benign B orderline M alignant

Treves &Sunderland 1951 77 41(54%) 18(23%) 18(23%) 4 (10%) 4(22%) 10(54%) 0 0 9(50%)

Lester & Stout 1953 58 28(48%) 10(17%) 20(35%) 1 (4%) 1 (10%) 1 (5%) 1 (4%) 1 (10%) 2 (10%)

Pietruszka & Bames 1978 42 18(43%) 5(12%) 19(45%) 4 (22%) 1 (20%) 1 (5%) 0 1 (20%) 4 (21%)

Murad et al 1988 25 15(60%) _ * 10(40%) 4 (27%) - 6 (60%) 0 - 4 (40%)

Salvadori et al 1989 81 28(35%) 32(39%) 21(26%) 1 (4%) 10 (31%) 3 (14%) 0 1 (3%) 7(5%;

Bartoli et al 1990 106 92(87%) 12(11%) 2(2%) 6(6%) 0 0 0 0 0

Cohn-Cedermark et al 1991 77 42(55%) _ * 35(45%) ** - ** 4 (10%) - 12 (34%)

Grimes 1992 100 51(51%) 22(22%) 27(27%) 14 (27%) 7(32%) 7(26%) 0 3 (14%) 6(22%)

Mojfat et al 1995 32 23(72%) 4(13%) 5(17%) 6(26%) 0 1 (20%) 0 0 0

Stebbing et al 1995 33 24(73%) 6(18%) 3(9%) 5(21%) 3 (50%) 0 0 0 0

Reinfuss et al 1996 170 92(54%) 19(11%) 59(35%) 4 (4%) 3(16%) 7(12%) 4 (4%) 2(11%) (32)

Yamada et al 1997 118 110(94%) 4(3%) 4(3%) 6(5%) 0 2 (50%) 0 0 1 (25%)

Rajan et al 1998 45 34(75%) 8(18%) 4 (12%) 0 2 (67%) 0 0 1 (33%)

Mokbel et al 1999 30 21(70%) 2(7%) 7(23%) 2 (10%) 0 3 (43%) 0 0 1 (14%)

Table 1.1: The distribution o f benign, borderline and malignant tumours in different published series and the number o f local recurrences 
and distant métastasés in each histological group.(*these studies did not use a borderline category, **this data not available from the publication)
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C h a p t e r  O n e

1.3.2 HISTOLOGICAL APPEARANCE OF PHYLLODES TUMOURS

1.3.2.1 GROSS HISTOLOGY

Phyllodes tumours can range in diameter from 1cm to 40cm. Malignant tumours in 

general tend to be larger. The cut surface of phyllodes tumours often has a clefted 

appearance due to the exaggerated intracanalicular growth pattern. There are often 

surface projections, which may be an important cause of incomplete removal and local 

recurrence.

1.3.2.2 MICROSCOPIC FEATURES

1.3.2.3 4 The Stroma

The stromal component forms the majority of the tumour and usually has a prominent 

intracanalicular pattern. Increased stromal cellularity is a characteristic feature of 

phyllodes tumours which allows them to be distinguished from fibroadenomas. This 

increase in cellularity is most pronounced adjacent to the epithelium. The more cellular 

areas generally have the appearance of a variably differentiated fibrosarcoma, with 

bundles of long plump cells with fat nuclei accompanied by little collagen. Heterologous 

elements can occur in the stroma -  adipose tissue, cartilage, bone and skeletal muscle 

have been described.

23
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1.3.2.3 5 Distinguishing benign from malignant phyllodes

It is the histological characteristics of the stromal component which dictates whether a 

phyllodes tumour is classified as benign or malignant. In malignant phyllodes, the 

mesenchymal component can be fibrosarcomatous, osteo/chondrosarcomatous, 

myxosarcomatous or pleomorphic (undifferentiated). The prognostic influence of the 

various types of sarcoma is unknown as little effort has been made to classify them on 

the basis of their differentiation repertoire (Pietruszka and Bames 1978). The tumours 

may out-grow the epithelial components which, consequently, may be absent or difficult 

to find and the epithelium that is present is often atrophic.

Many different variables have been used to distinguish benign from malignant 

phyllodes tumours. One of the problems when comparing different series is the use of 

inconsistent or subjective criteria to define malignant tumours. Features that are used to 

distinguish benign from malignant phyllodes are as follows, though it should be made 

clear that it is usually a suite of these features that are used in making the distinction, not 

any one feature.

Increased mitotic activity is often quoted as the most important feature when 

differentiating between benign and malignant phyllodes tumours (Norris and Taylor 

1967) (Pietruszka and Bames 1978) (Azzopardi 1979). However the definition of 

increased mitotic activity varies from 3 per 10 high power field (HPF) (Azzopardi 1979) 

to greater than 10 or more mitoses/10 HPF (Pietmszka and Bames 1978). Zahner et al 

studied the mitotic rate in tumours that were classified on morphological criteria (type of 

margin, stromal atypia) and found that below 5 mitoses per 10 HPF there was
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considerable overlap between benign, borderline and malignant tumours, but that above 

5 mitoses per 10 HPF, all tumours were malignant (Zahner and Bassler 1989).

Cellular atypia has also been found to be important in many series in 

distinguishing malignant from benign tumours (Norris and Taylor 1967) (Pietruszka and 

Barnes 1978).

An infiltrating tumour margin rather than a pushing margin is suggestive of 

malignancy.

Stromal overgrowth as defined by Ward and Evans, is the disproportionate 

proliferation of stromal components such that at least one low power (x4) field (other 

than in one of the large papillary leaf-like structures) contained no epithelial component 

(Ward and Evans 1986). In three series, stromal overgrowth has been found to be the 

most important prognostic factor in phyllodes tumours (Ward and Evans 1986) 

(Oberman 1965) (Hawkins et al. 1992).

The presence o f haemorrhage and necrosis and more than one mesenchymal 

component have both been shown to be poor prognostic factors (Cohn-Cedermark et al. 

1991) (Murad era/. 1988).

Treves and Sunderland found tumour size to be important in distinguishing 

between benign and malignant phyllodes tumours but this has not been substantiated in 

other series (Treves and Sunderland 1951).

There is a debate as to whether clinical behaviour and histological appearance 

correlate. Lindquist found that 2 out of 5 patients which they had defined as 

histologically benign tumours died from their disease and Lester and Stout again found
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that 3 of 5 patients who developed métastasés had benign primary tumours (Lindquist et 

al. 1982) (Lester and Stout 1954). Norris and Taylor, and Pietruska and Barnes 

attempted to correlate histopathological appearance with behaviour and found that 

tumour margin, stromal atypia and mitotic activity were most important determinators of 

malignant potential, but each feature on its own was not reliable (Norris and Taylor 

1967) (Pietruszka and Barnes 1978).

Pietruska & Barnes suggested dividing phyllodes tumours into three groups with 

the following definitions:

benign 0-4 mitoses/10 HPF, pushing margins, minimal stromal cellular atypia;

borderline 5-9 mitoses/10 HPF, pushing/infiltrative margins, minimal stromal 

cellular atypia); and

malignant 10 or more mitoses/10 HPF, infiltrative margins, marked stromal cellular 

atypia.

Other groups who introduced a borderline category were Treves & Sunderland, 

and Lester & Stout. Both found that this was not reliable and suggested that phyllodes 

tumours should be classified on clinical behaviour.

More recent definitions that are often quoted in the literature are those of 

Azzopardi and Moffat (Azzopardi 1979) (Moffat et al. 1995). Azzopardi’s definition of 

a malignant phyllodes tumour was one with a fibrosarcomatous structure with three or 

more mitoses/10 HPF. An infiltrative margin, stromal overgrowth and pronounced 

cellular atypia were also indicative of malignancy. Moffat et al produced a more 

complicated definition. They graded the characteristics of phyllodes tumours as follows:
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Tumour Margins scored as pushing, infiltrative or indeterminate. If the margins was 

mixed then the relative proportions of each type were expressed as less than 10%, 10- 

50%, 50-90% or more than 90%.

Stromal cellularity scored as:

+ cells sparsely distributed, ++ moderately cellular, +++ closely packed cells with little 

intervening intercellular material.

Stromal overgrowth scored as:

+, an architectural pattern only slightly more complex than that of a fibroadenoma with 

elongated ductal structures and only focal cystic spaces into which the stroma projected, 

these projections showing only simple branching,

++, the classical architectural pattern with a complex arrangement of epithelial and 

stromal elements including numerous large cystic spaces containing branching, leaf like 

proliferations of stroma, large sheets of stromal cells were absent,

+++, tumours containing large sheets of uninterrupted stroma; epithelial elements were 

present focally but were often absent from individual low power fields or entire slides of 

tumour.

Stromal cell nuclear pleomorphism scored as:

+, ovoid to spindle shaped nuclei with evenly dispersed chromatin, uniform in 

appearance,

++, moderate pleomorphism with the largest nuclei up to 1.5 times the diameter of the 

smallest.
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+++, marked pleomorphism and hyperchromasia, often with irregular nuclear outlines 

and clumping of chromatin.

Mitotic activity, counted as mean number of mitotic figures per 10 high power fields in 

the most mitotically active areas of the tumour.

On the basis of this grading system, Moffat et al suggested the following 

definitions for benign and malignant phyllodes tumours.

Benign tumours were classified as those with,

1. A pushing margin around at least 90% of the circumference of the tumours,

2. Stromal overgrowth, cellularity and nuclear pleomorphism were all of grades 

+/++,

3. Fewer than 10 mitotic figures per 10 high power fields.

Malignant tumours were classified as those with,

a ) Predominantly infiltrative margin around at least 50% of the tumour 

circumference,

b) ++/+++ stromal overgrowth, cellularity and pleomorphism with a least one of 

these being

c) 10 or more mitotic figures per 10 high power fields.

The borderline category of tumours were defined as those with some but not all of the 

characteristics described in the malignant category.

With these different definitions it is clear to see why the incidence of benign and 

malignant tumours varies so much in series of phyllodes tumours. It is important to
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realise that the microscopic appearance within phyllodes tumours can vary from area to 

area so it is important to examine the whole tumour for evidence of malignancy. One 

question regarding phyllodes tumours is do they actually ‘transform’ from benign to 

malignant. Many of the quoted series describe histologically benign tumours that have 

recurred showing malignant features,(Hajdu et al. 1976) (Treves 1964) (McDivitt et at. 

1967) (Lester and Stout 1954) (Moffat et al. 1995), although the majority of tumours 

that recur do not show a change in histological appearance.

1.3.2.3.6 The epithelium

The epithelium-lined spaces within phyllodes tumours are often large and cystic and 

distorted by papillary stromal masses. There may also be epithelial structures similar to 

ducts and acini resembling normal breast within the stroma. Characteristically the 

epithelium is columnar or cuboidal, but may be flattened and atrophic over some of the 

intracystic stromal projections, particularly in malignant tumours.

The epithelium within phyllodes tumours can also show pathological changes. 

Hyperplasia is common, particularly in benign tumours. In Treves & Sunderland’s 

series, 12 of 41 tumours showed evidence of hyperplasia. In Petruska & Barnes’s series 

of 40 cases, the epithelium was normal in 35.7%, hyperplastic in 37.5%, atrophic in 

14.3%, metaplastic in 7.1%, atypical in 4.8% and malignant in 2.4%. Two cases also had 

adjacent carcinoma (Treves and Sunderland 1951) (Pietruszka and Barnes 1978).

The association with malignant epithelium is higher in some series than one 

would expect by chance. Table 1.2 is a summary of the reported cases of breast
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carcinoma in and adjacent to phyllodes tumours. Many are case histories reporting the 

finding of carcinoma within phyllodes tumours, and this table probably underestimates 

the incidence of synchronous carcinomas in the adjacent or contralateral breast, as these 

are unlikely to be reported as case histories. It is impossible from the literature to make 

an accurate estimate of the number of patients with phyllodes tumours who subsequently 

go on to develop breast carcinoma as most of the series do not have long follow up data 

and do not provide information on death from other causes other than metastatic 

phyllodes tumour. The literature also states that lobular carcinoma in situ (LCIS) is the 

most common form of carcinoma to occur within phyllodes tumours, but Table 1.2 

shows that ductal carcinoma occurs as commonly as lobular carcinoma.
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Author Frequency o f  breast 
carcinoma in FT

Type o f breast 
carcinoma

Site o f breast 
carcinoma

Timing o f breast 
carcinoma

Christensen 5/19 DClS
DClS
Invasive ductal 
LCIS
Invasive lobular & 
ductal

Outside PT 
Within PT 
Outside PT 
Outside PT 
Contralateral & 
outside FT

Synchronous
Synchronous
Synchronous
Synchronous
Synchronous

Grimes 14/187 IxD ClS
9xLClS
2xLClS
2xlnvasive ductal

Within PT 
Within PT 
Adjacent to FT 
Adjacent to PT

Synchronous
Synchronous
Synchronous
Synchronous

Norris 2/94 Invasive ductal Within PT Synchronous
Pietruszka 1/42 Invasive ductal Within PT Synchronous
Ward 1/26 LCIS Outside PT Synchronous
Rajan 1/45 Invasive ductal Outside PT Synchronous
Schmidt 1/27 Invasive ductal Contralateral Synchronous
Lester 2/58 Invasive ductal 

Invasive ductal
Outside PT 
Ipsilateral

Synchronous 
Post PT

Stebbing 2/33 2x Invasive ductal Contralateral PostPT
Haagensen 2/19 2xLClS Within PT Synchronous
Yamada 1/118 Unknown Within PT Synchronous
Treves 1/93 Lobular Within PT Synchronous
Murad 4/24 DClS

Invasive ductal 
LCIS
Carcinosarcoma

Within PT 
Outside PT 
Within PT 
Within PT

Synchronous
Synchronous
Synchronous
Synchronous

Browder 4/26 2x Invasive ductal 
Invasive ductal 
Medullary

Contralateral 
Outside PT  
Contralateral

PostPT
Synchronous
Synchronous

Beuglet 2-Case report Invasive ductal Within PT Synchronous
Grove 1-Case report DClS Within PT Synchronous
Leong 1-Case report Tubular Within PT Synchronous
Nishimura 1-Case report DClS Within PT Synchronous
Kasami 1-Case report Invasive lobular Contralateral Synchronous
Morimoto 1-Case report LCIS within 

fibroadenoma
Contralateral Synchronous

Knudsen 1-Case report LCIS & DCIS Within PT Synchronous
Yasumura 1-Case report Invasive ductal Within PT Synchronous
Klausner 1-Case report Invasive ductal Within PT Synchronous
Rosen 1-Case report LCIS Within PT Synchronous
Ishida 1-Case report DClS Within PT Synchronous
McCormack 1-Case report Scirrhous Contralateral Synchronous
Stone-Tolin 1-Case report Invasive ductal Contralateral Synchronous
Alo 1-Case report DC1S& 

Invasive ductal
Within PT 
Contralateral

Synchronous
PostPT

Gebrim 1-Case report Invasive lobular & 
fibroadenoma

Contralateral Synchronous

Table 1.2: A summary o f the reported cases o f breast carcinoma occurring in
phyllodes tumours
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1.3.2.3 DISTINGUISHING PHYLLODES TUMOURS FROM FIBROADENOMAS

Fibroadenomas are the most common benign breast lesion and usually occur in young 

women. They can be multiple in 20% of cases. In general the distinction from phyllodes 

tumour is straightforward, however it is important to note that for some, this is not 

straightforward and the extremes of the fibroadenoma ‘spectrum’ merge with phyllodes 

tumour and are open to a degree of subjective interpretation. Microscopically there is 

proliferation of both epithelial and stromal elements and fibroadenomas can show either 

a pericanalicular or intracanalicular pattern of growth, in contrast to phyllodes tumours, 

which tend to have an intracanalicular pattern. The stromal element can often show 

myxoid change and rarely heterologous elements can be present, most often adipose 

tissue but occasionally cartilage, bone and smooth muscle.

The most important distinguishing feature is the stromal hypercellularity. There 

are cases where distinction between a cellular fibroadenoma and a benign phyllodes 

tumour can be difficult, and other features, such as nuclear pleomorphism, mitotic rate 

and stromal overgrowth also need to be taken in to account.

Fibroadenomas and phyllodes tumour are similar lesions and initially it was 

thought that most phyllodes tumours arose in pre-existing fibroadenomas (Lee and Pack 

1931). In Treves and Sunderland’s series, 21 out of 41 phyllodes tumours were 

interpreted as arising in old fibroadenomas and in 6 cases fibroadenomas occurred 

separately. Rajan found that in his series of 45 phyllodes tumours in young women, 5 

had associated fibroadenomas (Rajan et al. 1998). Pietruszka & Barnes noted that 45% 

of the tumours in their series had surrounding fibrocystic disease and 6/39 arose in the 

remnants of fibroadenomas (Pietruszka and Barnes 1978). There is, as with phyllodes
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tumours, a debate in the literature about the risk of breast cancer in patients who have 

had fibroadenomas: some feel it is increased and other not. Carter showed that women 

with a fibroadenoma have a relative risk of invasive breast carcinoma of approximately 

2.0 compared with women of similar age from the general population. This relative risk 

approaches 1.0 when family history and proliferative changes in the adjacent 

parenchyma are taken into account and rises to >3.0 if the fibroadenoma has complex 

histology, i.e. contains benign epithelial breast disease (Carter et al. 2001).

1.3.2.4 DISTINGUISHING PHYLLODES TUMOURS FROM JUVENILE 

FIBROADENOMAS

Juvenile fibroadenoma is the term given to a variant fibroépithélial lesion which often 

grows rapidly and occurs more frequently in young women compared to older women. 

Microscopically there is hyperplasia of both the stromal and epithelial components. In 

contrast to phyllodes tumours they usually have a pericanalicular growth pattern and 

epithelial hyperplasia is a prominent feature. Stromal cellularity is less, there is no 

periductal concentration or atypia, few or no mitoses, and although there may be a 

degree of stromal overgrowth, large areas of stroma devoid of epithelium do not occur.

I.3.2.5 DISTINGUISHING MALIGNANT PHYLLODES TUMOURS FROM 

STROMAL SARCOMAS OF THE BREAST

Stromal sarcomas of the breast are extremely rare and are purely mesenchymal with no 

epithelial elements. It has been postulated that the epithelial element in phyllodes
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tumours exerts a modifying influence on the behaviour of the stroma in phyllodes 

tumours and this is lacking in stromal sarcoma. It has also been suggested that stromal 

sarcomas arise from the extralobular stroma, whereas phyllodes tumours arise from the 

intralobular stroma (Rosenfeld et al. 1981) (West et al. 1971). It is often difficult to 

distinguish between stromal sarcomas of the breast and malignant phyllodes tumours as 

many malignant phyllodes tumours have out grown the epithelium. Khanna et al found 

that recurrent phyllodes tumours often did not have epithelial elements (6/14 cases) and 

without the epithelial component it is difficult to distinguish between the two types of 

tumour (Khanna et al. 1981). They suggested that all breast sarcomas arise from the 

mesenchymal elements of phyllodes tumours, which become malignant and outgrow the 

epithelial elements. This is not considered by all to be the case, especially with pure 

sarcomas such as liposarcomas and rhabdomyosarcomas. However, in a series from the 

London Hospital, Pollard et al found that of a 114 cases recorded as breast sarcoma on 

review, 81(71%) were in fact phyllodes tumours (Pollard et al. 1990).

1.3.3 CLINICAL ASPECTS OF PHYLLODES TUMOURS

1.3.3.1 CLINICAL PRESENTATION

Phyllodes tumours present as a palpable mass which cannot be differentiated from 

fibroadenomas clinically. The peak incidence occurs between 41-50 years of age (ten 

years later than the peak incidence of fibroadenomas). There is a reported association 

between malignant phyllodes tumours and nulliparity (Lindquist et al. 1982). Phyllodes
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tumours can be bilateral and this occurs in approximately 1% of cases (Rosenfeld et al. 

1981).

The general consensus is that men do not develop phyllodes tumours because of 

the absence of a lobulo-alveolar structure. However there have been reports of 

fibroadenomas and phyllodes tumours arising in men with gynaecomastia with lobule 

development (Ansah-Boateng and Tavassoli 1992).

Phyllodes tumours can also occur in young women. Rajan reviewed 45 cases that 

occurred in women aged 10-24 years, 34 benign, 11 malignant, and 5 with associated 

fibroadenomas - and they behaved no differently from tumours in older women (Rajan et 

al. 1998). However Azzopardi states in his review that tumours in this age group tend to 

behave in a less aggressive manner when compared to histologically similar adult 

tumours (Azzopardi 1979).

1.3.3.2 METASTASES

The incidence of métastasés varies among series from being as low as 6.6% (Treves and 

Sunderland 1951)to 70% (Maier et al. 1968 ) (Table 1.1).They have been reported to 

occur up to 12 years after initial diagnosis. As described above, tumours that have been 

classified as histologically ‘benign’ can metastasize, as well as malignant tumours.

Metastatic spread is via the haematogenous route. The commonest sites involved 

are the lung, pleura and bone; axillary lymph nodes are rarely involved. It is primarily 

the stromal component which metastasises. The epithelial component of the tumour has 

been identified in a métastasés from a phyllodes tumour in only one case (Kracht et al.
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1998). In this case a recurrent malignant phyllodes tumour with liposarcomatous 

transformation metastasized to the lung. The métastasés reproduced the primary tumour 

and contained ductal structures and elements of sarcoma. The origin of the ductal 

structures in the lung métastasés was confirmed to be from the phyllodes tumour, on the 

basis of their immunophenotype. The epithelial cells were positive for steroid receptors 

and GCDFP-15, and the myoepithelial cells were positive for anti-smooth-muscle- 

specific proteins.

1.3.3.2 RECURRENCE

There is a feeling that recurrence is not related to histological subtype but to inadequate 

excision (Pietruszka and Barnes 1978). Hajdu showed that 18% of benign and 9% of 

malignant phyllodes tumours recurred and that recurrence was dependent on the type of 

surgery performed. This paper also showed that recurrence was due to intracanalicular or 

intracystic extension in 50% of these recurrent cases and recommended that phyllodes 

should be excised with a generous margin (Hajdu et al. 1976).

Most recurrent tumours are histologically similar to the primary neoplasms but 

frequently are more cellular, with focally atypical periductal areas. In Hadju’s series, 2 

of 28 recurrences showed malignant transformation (the original tumours appeared 

entirely benign). This transformation from benign to malignant has not been confirmed 

by all authors. Despite this finding of occasional malignant transformation, recurrence 

does not seem to affect the risk of subsequent distant métastasés (Cohn-Cedermark et al. 

1991).
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1.3.3.3 DIAGNOSIS

1.3.3.3.1 Radiology

Phyllodes tumours are difficult to distinguish from fibroadenomas on ultrasound and 

mammography. On ultrasound the fluid filled clefts can sometimes be detected and the 

finding of a cyst in an otherwise solid lesion may give a clue to the diagnosis. On 

mammography, phyllodes tumours appear well-defined, high-density lesions with 

rounded or lobulated borders, indistinguishable from fibroadenomas (Yilmaz et al. 

2002) (Cosmacini et al. 1992).

1.3.3.3.2 Fine needle aspiration cytology

On fine needle aspiration cytology (FNAC), phyllodes tumours are characterised by 

large hypercellular stromal fragments and dissociated spindle and plump stromal cells 

often accompanied by large folded sheets of epithelium. Smears from malignant 

phyllodes show predominantly mesenchymal components. The accuracy of FNAC 

varies from series to 92.8% (Jayaram and Sthaneshwar 2002) to 38.9% (Veneti and 

Manek 2001). Once again the difficulty is in differentiating phyllodes tumours from 

fibroadenomas, in particular cellular fibroadenomas.
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1.3.3.4 TREATMENT

1.3.3.4.1 Surgery

Treatment is surgical excision, in the form of local excision or total mastectomy. Local 

recurrence is more common in patients treated by local excision due to the microscopic 

stromal projections on the surface of the tumours; thus if local excision is performed this 

must be with a generous margin of normal tissue, (l-2cm). Table 1.1 shows the local 

recurrence rate in benign, borderline and malignant tumours, but it is misleading, as 

most malignant tumours, particularly in the earlier series were treated by mastectomy, 

whereas the benign tumours tended to be treated by local excision. Barth et al performed 

a literature review assessing the incidence of local recurrence after local excision and 

found that this was 65% in malignant tumours, 46% in borderline tumours and 21% in 

benign tumours, but the details of surgical margins of the original tumours in these 

recurrent cases is not available (Barth 1999). Kapiris studied 48 patients with malignant 

phyllodes tumours and found that tumour size and surgical margins and, unlike other 

series, distant métastasés, were the principal determinants of local recurrence (Kapiris et 

at. 2001). On the basis of these two studies, mastectomy may be indicated in some 

malignant tumours which cannot otherwise be excised with an adequate margin.

Surgical excision of isolated lung métastasés may be warranted as these tumours 

are generally resistant to conventional chemotherapy and radiotherapy, and there is a 

report of long term survival in a single patient (Azzopardi 1979).
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1.3.3.4.2 Radiotherapy

There are case reports of phyllodes tumours responding to radiotherapy. However 

following local excision, postoperative radiotherapy is not recommended, as it has not 

been shown to reduce recurrence rates (Cohn-Cedermark et al. 1991). For patients with 

malignant, inoperable local recurrence or métastasés, radiotherapy may offer some 

palliation and occasional complete responses are documented (Eich et at. 2000) (Paulsen 

et al. 2000). Radiotherapy may have a role in preventing local recurrence if negative 

margins cannot be achieved (Chaney et al. 1998).

1.3.3.4.3 Chemotherapy

As in more conventional sarcomas, the efficacy of chemotherapy in these tumours is 

limited and reserved for treating symptomatic métastasés. The most commonly used 

drugs are those for the treatment of soft tissue sarcomas outside the breast, adriamycin 

and ifosfamide (Hawkins et al. 1992b) (Paulsen et al. 2000). Chemotherapy is based on 

the guidelines for the treatment of sarcomas rather than breast carcinomas.

1.3.3.5 SURVIVAL

Malignant phyllodes tumours are fortunately frequently less clinically malignant than 

their histopathology would suggest. In Norris and Taylor’s series the actuarial survival 

was 80% at five years.
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1.4 IMMUNOHISTOCHEMICAL STUDIES OF PHYLLODES TUMOURS

Many immunohistochemistry studies have been performed on phyllodes tumours most 

of them assessing p53 and Ki-67 expression as prognostic factors.

1.4.1 Ki-67 EXPRESSION

The expression of the cell proliferation-associated Ki-67 antigen in phyllodes tumours 

has been investigated in order to estimate its usefulness in assessing the grade of 

malignancy and in predicting the clinical behaviour of these tumours, and also to help in 

the discrimination between phyllodes tumours and fibroadenomas. These studies used 

the MIBl antibody directed against the Ki-67 antigen. A MEBl index was calculated to 

express the percentage of MIBl positive cells. The data indicated that there were 

statistically significant differences in MIBl indices between histologically benign, 

borderline and malignant phyllodes tumours, and between benign phyllodes tumour and 

fibroadenoma (Kocova et al. 1998) (Umekita and Yoshida 1999).

The results indicated a good correlation between the conventional grading of 

phyllodes tumours based on histological criteria and MIBl indices. However these 

studies showed that there is was little predictive value of the MLB 1 index in phyllodes 

tumours. However there was one recent, large study that did indicate that Ki-67 labelling 

index was a valuable prognostic factor (Niezabitowski et al. 2001). In this study of 118 

patients, the Ki-67 index allowed the malignant group of tumours to be divided into two 

groups, those with low Ki-67 expression (fewer than 11% of cells), and those with high 

Ki-67 expression. Those tumours with low expression and a clinical outcome similar to
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the benign tumours whereas those with the higher expression had a poor clinical 

outcome.

Umekita studied 478 cases of fibroadenoma. In the majority of cases (77%) there 

were no MIBl-positive stromal cells. However 9.8% cases of fibroadenoma showed a 

high stromal MIBl-index, which was present in both the stromal and epithelial 

components. In some series of benign phyllodes tumours, a large proportion of the 

tumours showed no Ki-67 expression (Erhan et al. 2002) like fibroadenomas. Kaya 

examined the difference in Ki-67 expression in a set of 31 benign phyllodes tumours and 

12 cellular fibroadenomas and did not reveal significant difference between phyllodes 

tumours and fibroadenomas (Kaya et at. 2001). What is interesting to note is that in both 

tumour types the epithelial Ki-67 indices were higher than the stromal, the average being 

0.05 in stromal cells, 2.65 in epithelial cells of phyllodes tumours and 0 in stromal cells, 

0.43 in epithelial cells of fibroadenomas.

1.4.2 p53 STUDIES

Abnormalities of the p53 tumour suppressor pathway contribute to the development of 

most human cancers. p53 is a nuclear protein and functions as a regulator of 

transcription. It lies at the heart of stress response pathways that prevent growth and 

survival of potentially malignant cells. Activation of p53 can result in many different 

outcomes depending on the cell type and cell microenvironment, including cell 

differentiation, cell senescence, DNA repair, inhibition of angiogenesis and induction of 

apoptosis.
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Phyllodes tumours are associated with Li-Fraumeni syndrome, caused by 

germline p53 mutations, along with breast carcinoma, soft tissue sarcomas, 

osteosarcoma, brain tumours, adrenocortical carcinoma and Wilms' tumours. Although 

breast carcinoma and sarcomas are numerically most frequent in this syndrome, Birch 

found that the greatest increases relative to the general population rates were in 

adrenocortical carcinoma and phyllodes tumour (Birch et al. 2001).

Studies of p53 expression have shown that abnormal expression does occur in 

some borderline and malignant phyllodes tumours. p53 expression is rarely seen in 

benign tumours and Franco recently found that in a series of 26 fibroadenomas, none 

expressed p53 (Franco et al. 2001). However in the past there have been occasional 

reports of p53 expression in fibroadenomas (Millikan et al. 1995). The incidence of p53 

expression in borderline/malignant tumours is as follows: 8/30-(Feakins et al. 1999 ), 

5/9-(Erhan et al. 2002 ), l/12-(Witte et al. 1999 ), 5/6-(Millar et al. 1999 ), 4/9-(Kuenen- 

Boumeester et al. 1999). Witte et al made an interesting observation in that positive 

immunoreactivity for p53 was seen in only one malignant case and the reaction was 

positive in the both epithelial and mesenchymal compartments. This has not been noted 

in other studies. p53 expression in these studies has been shown to be associated with 

known negative prognostic factors (tumour grade, prominent stromal overgrowth, 

prominent stromal nuclear pleomorphism, high stromal mitotic count, and an infiltrative 

tumour margin), but it does not appear to be a useful determinant of tumour recurrence 

or long-term survival (Feakins et al. 1999) (Shpitz et al. 2002).

Millar found that malignant phyllodes tumours displayed a distinctive pattern of 

p53 immunostaining, with p53 positivity at sites of increased stromal cellularity
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condensed around the epithelial component and containing nuclear atypia and mitotic 

activity. Away from these areas of peri-epithelial stromal condensation, there was patchy 

focal positivity and large areas showing negative staining.

The majority of studies have not looked for mutations in p53 in phyllodes 

tumours. Kuenen-Boumeester found 4 tumours with abnormal p53 expression and 2 

with mutations, one of which resulted in stabilised protein, (Arg273Cys). Woolley found 

one case with abnormal p53 expression and no evidence of mutation on sequencing 

(Woolley et al. 2000).

Proteins related to p53 have only been assessed in one study which assessed 

expression of: MDM2 (involved in p53 degradation), (mediates p53

suppression of tumour cell growth), Bax and Bcl-2 (see below). None of 19 tumours 

showed nuclear staining of p21 or MDM2. Bcl-2 was found to be strongly expressed in 

most tissue samples and Bax expression was weak or absent in all but three tumours two 

of which also over-expressed p53 (Kuenen-Boumeester et al. 1999).

1.4.3 BCL-2 EXPRESSION

The Bcl-2 family of proteins is involved in the p53 regulated pathway for the induction 

of apoptosis. Some family members are antiapoptotic (Bcl-2, Bcl-xl), and some 

proapoptotic (Bax). They regulate cell death by controlling mitochondrial membrane 

permeability during apoptosis. Moore et al studied 26 phyllodes tumours and 15 

fibroadenomas and found that Bcl-2 was frequently expressed in the stroma of both 

(Moore and Lee 2001). Witte et al noted that in the epithelial component of phyllodes
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tumours, Bcl-2 positive cells were found more frequently in benign than in malignant 

lesions. The authors suggested that increased proliferative activity and down-regulation 

of Bcl-2 in the epithelium may be associated with de-differentiation of cells and 

malignant progression (Witte et al. 1999).

1.4.4 HORMONE RECEPTOR EXPRESSION

Many breast carcinomas are hormonally dependent and this is an important subgroup of 

tumours to identify as these tumours are likely to respond to anti-hormonal therapy. 

Thus the expression of oestrogen and progesterone receptors is routinely assessed in 

breast carcinoma. Fibroadenomas are thought to be hormonally responsive, while the 

hormone-responsiveness of phyllodes tumours is uncertain.

Rao et al, performed a biochemical study of fibroépithélial tumours of the female 

breast and showed presence of progesterone receptors (PgR) in all five phyllodes 

tumours (two malignant, three benign) studied, and in 11 of 13 fibroadenomas (Rao et 

al. 1981). Oestrogen receptors (ER) were detected in only one of five cystosarcomas and 

2 of 13 fibroadenomas. The relative volumes occupied by epithelium and stroma in each 

tumour were measured from histologic sections. The results were consistent with 

presence of PgR in the stroma and ER in the epithelium.

A more recent study by Umekita et al compared expression of PgR and ER 

immunohistochemically in 50 phyllodes tumours and 50 fibroadenomas and found 

expression only in epithelial cells, and not the stroma. This study also analysed 

expression of oestrogen-regulated pS2 and androgen-regulated prostate-specific antigen
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(PSA) protein and the androgen receptor (AR). ER, PgR, pS2, AR and PSA expression 

were detected in 32%, 96%, 20%, 98% and 4.0% of phyllodes tumours and in 28%, 

96%, 42%, 80% and 10% of fibroadenomas, respectively (Umekita and Yoshida 1998).

The presence of PgR in the stroma of phyllodes tumours has led to the 

suggestion that progestational therapy, and possibly other forms of hormonal therapy, 

may be useful in the treatment of advanced, malignant phyllodes tumours. However 4 

reports (Silverman and Tamsen 1996) (Mechtersheimer et al. 1990) (Singh et al. 1996) 

(Umekita and Yoshida 1998) have all shown that oestrogen and progesterone receptors 

were expressed only in glandular elements of fibroadenomas and phyllodes tumours and 

not in the stroma.

1.4.5 C-ERBB-2 EXPRESSION

c-erbB-2 (or HER-2/neu) is a member of the epidermal growth factor receptor family. 

Over-expression of c-erbB-2 due to gene amplification occurs in 10-40% of breast 

carcinomas and results in over-expression of the protein. Amplification of c-erbB-2 has 

been correlated with a poor prognosis in breast carcinoma and there is now an anti c- 

erbB-2 monoclonal antibody which can be used for the treatment of metastatic breast 

carcinomas that overexpress c-erbB-2.

Two studies found no evidence of c-erbB-2 over-expression in a total of 33 

phyllodes tumours (Heatley et al. 1993) (Witte et al. 1999). Shpitz et al studied 23
*

tumours and found that c-erbB-2-positive tumours were not associated with any 

particular histological features or with either p53 positivity or higher proliferative
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indices (Shpitz et al. 2002). This suggests that c-erbB-2 is not involved in the 

pathobiology of phyllodes tumours.

1.4.6 DIFFERENTIAL IMMUNOPHENOTYPE OF THE DIFFERENT CELLULAR 

COMPONENTS OF PHYLLODES TUMOURS

The intermediate filaments of epithelial cells and mesenchymal cells are made up of 

different subunits, keratins in epithelial cells and vimentin in mesenchymal cells. 

Antibodies against these subunits can be used to distinguish between the two cell types 

and in phyllodes tumours, the intermediate filament proteins indicate clearly the two 

components of the tumour (Witte et at. 1999). In addition, the inner epithelial layer 

stains with epithelial membrane antigen (EMA), whereas the myoepithelial (outer) cells 

stain with muscle-specific actin, S-100 protein, and in some cases with EMA and 

keratins.

1.4.6.1 MYOFIBROBLASTIC DIFFERENTIATION OF STROMAL CELLS

Aranda evaluated the immunophenotype exhibited by 28 phyllodes tumours (14 benign, 

6 borderline and 8 malignant) in order to determine the relevance of myofibroblasts as 

active stromal elements in these tumours (Aranda et al. 1994). There was positive 

vimentin staining in the stroma of all the cases (100%), muscle-specific actin in 21 

(75%), and desmin in 7 (25%). By contrast, stromal cells were uniformly negative for S- 

100 protein, keratins (AE1/AE3 and CAM 5.2), and epithelial membrane antigen
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(EMA). This study suggests that there is a prominent myofibroblastic differentiation in 

the stromal cells of many phyllodes tumours. There were no differences seen in intensity 

or distribution of such actin-positive stromal cells between benign, borderline or 

malignant counterparts. Mazoyer also found a prominent myofibroblastic differentiation 

of stromal cells in phyllodes tumours and again there was no difference between the 

different of grades phyllodes tumour (Mazoyer et al. 1994). In the stroma of invasive 

breast cancer a varying number of stromal SMA-reactive myofibroblasts have also been 

detected (Barth et at. 2002).

1.4.6.2 CD34, CD117 AND CD31 EXPRESSION IN PHYLLODES TUMOURS

CD34 is a type I transmembrane glycoprotein that is expressed on haemopoietic stem 

and progenitor cells, endothelial cells and a subset of fibroblast and bone marrow 

progenitor cells. It is also expressed in some mesenchymal tumours including 

gastrointestinal stromal tumours and dermatofibrosarcoma. CD34 expressing fibroblasts 

have been demonstrated in the normal mammary stroma, particularly around lobules, 

and are considered CD34 positive dendritic cells.

Conventionally, mammary carcinoma is said to be CD34 negative. Phyllodes 

tumours and fibroadenomas have been documented as showing spindle cell staining for 

CD34 (Barth et al. 2002) (Moore and Lee 2001) (Silverman and Tamsen 1996). More 

staining was seen in fibroadenomas than in phyllodes tumours (especially malignant 

tumours). The staining in phyllodes tumours was typically patchy. In some there was 

increased or decreased staining adjacent to the epithelium. Silverman also showed that
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the fibroblasts in fibroadenomas and phyllodes tumours were accompanied by a subset 

of dendritic histiocytes that express factor Xllla. Increased factor XIIIa+ dendrophage 

populations were seen in phyllodes tumours, especially in two high grade tumours that 

had malignant fibrous histiocytoma-like features.

Chen et al, correlated the expression of CD34 and CD 117 (the c-kit 

protoocogene encoding a tyrosine kinase receptor), in 19 phyllodes tumours (7 benign 

and 12 malignant cases). They demonstrated that expression of CD34 was associated 

with benign phyllodes tumours, while CD117/c-kit and actin were preferentially 

expressed in malignant phyllodes tumours. In addition point mutations were found in 

exon 11 of c-kit in two malignant phyllodes tumours, one resulting in a stop codon and 

the other an amino acid change.

CD31 (platelet endothelial cell adhesion molecule) expression has been assessed 

in phyllodes tumours to assess microvessel density. A significant difference between 

benign and borderline tumours was found (Tse et al. 2001).

1.4.6.3 MULTI NUCLEATED STROMAL GIANT CELLS

Multi-nucleated stromal giant cells have been described in phyllodes tumours. No 

relationship to grade has been demonstrated. Most of these cells are sub-epithelial and 

have a similar immunohistochemical profile to other stromal cells. They do not appear to 

be a different more active population of cells and their significance is unknown (Tse et 

al. 2001a).
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1.4.7 STROMAL-EPTTHELIAL INTERACTIONS IN PHYLLODES TUMOURS

Sawhney et al investigated the spatial relationship between stromal mitoses and the 

epithelial component of fibroépithélial tumours of the breast (13 fibroadenomas and 10 

phyllodes tumours) (Sawhney et al. 1992). The authors found that stromal mitotic 

activity in these tumours was significantly more likely to occur close to rather than 

remote from, the epithelial component. These findings support the hypothesis that 

stromal growth in fibroépithélial tumours depends, to a variable extent, on the epithelial 

component. An interaction in the opposite direction (i.e., the stroma providing the 

growth support to the epithelium) may also occur. This interdependence of growth 

between the epithelial and stromal components in these tumours explains their complex 

morphology and it appears that stromal dependence on epithelium is lost with increasing 

malignancy of the stromal elements.

1.4.7.1 GROWTH FACTORS THAT MAY BE INVOLVED IN STROMAL- 

EPITHELIAL INTERACTIONS

1.4.7.1.1 Platelet derived growth factor

Platelet derived growth factor (PDGF) promotes cellular proliferation and inhibits 

apoptosis. PDGF is important in the pathogenesis of dermatofibrosarcoma protuberans, a 

rare mesenchymal tumour of intermediate malignancy. Translocations which release 

PDGF from normal control and increase the copy number of the gene have been 

demonstrated in dermatofibrosarcoma protuberans, and thus PDGF may be important in 

other mesenchymal tumours.
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Feakins et al studied expression of PDGF and its receptor PDGFRP in 46 

phyllodes tumours (Feakins et al. 2000). There was neoplastic stromal cell positivity for 

PDGFRP in almost 50% of phyllodes tumours and for PDGF in 24%. Both were 

associated with prominent nuclear pleomorphism, PDGF with high-grade and a higher 

mean Ki-67 labeling index, and PDGFRP with conspicuous stromal overgrowth. Co- 

positivity for stromal PDGF and PDGFRP was found in 15% of phyllodes tumours, and 

for epithelial PDGF and stromal PDGFRP in 43%. Both types of co-positivity were 

associated with prominent nuclear pleomorphism and the latter type with conspicuous 

stromal overgrowth. Follow-up of 41 phyllodes tumours showed that disease-related 

death was associated with established histologic features of malignancy, stromal 

PDGFRP positivity and epithelial PDGF/stromal PDGFRP co-positivity. Stromal PDGF 

and PDGFRbeta expression in fibroadenomas was less common and less extensive than 

in phyllodes tumours. These results suggested that PDGF influences the pathogenesis of 

fibroépithélial breast tumours and that PDGF-dependent paracrine and autocrine 

mechanisms may operate in these tumours.

1.4.7.1.2 Transforming growth factor-betas ITGF-betal

The transforming growth factor-betas (TGF-p) comprise a highly conserved family of 

multifunctional cell regulatory peptides that may play a role in a variety of pathologic 

processes. McCune et al investigated the potential role of the TGF-P isotypes (1, 2, and 

3) in human breast disease, using immunohistochemistry. TGF-P 1, 2, and 3 were 

identified intracellularly in most active mammary epithelia, regardless of the lesion.
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including carcinoma; the associated stroma contained little or no intracellular TGF-beta. 

An antibody that recognizes an extracellular conformation of TGF-beta stained normal 

intralobular stroma and, more extensively, the stroma of active fibroadenomas and low- 

grade phyllodes tumours and the desmoplastic stroma of carcinomas. The results 

indicated the potential for paracrine and autocrine regulation of the mammary gland by 

TGF-beta and suggested an association between TGF-beta and abnormal stromal 

proliferations (McCune et al. 1992).

1.4.7.1.3 Endothelin 1

As well as being a potent vasoconstrictor, endothelin 1 (ET-1 ) also acts as a growth 

factor in various types of cancer including breast and prostate carcinoma. In breast 

carcinoma, it is thought to act in a paracrine fashion and is located by 

immunocytochemistry in the epithelium of normal breast. Normal breast and 

fibroadenomas have been shown to have weak expression in contrast to carcinomas. 

Yamashita et al measured endothelin 1 in extracts prepared from 4 phyllodes tumours 

and 14 fibroadenomas (Yamashita et al. 1992). ET-1 was detectable in all tissue extracts 

by specific radioimmunoassay, and the mean concentration of ET-1 was 18-fold and 27- 

fold higher in tissue extracts from phyllodes tumours than in those from intracanalicular 

fibroadenomas and pericanalicular fibroadenomas, respectively. Immunocytochemical 

staining for ET-1 revealed that numerous ET-1 -immunoreactive cells were seen in the 

epithelium but not in the stroma. This suggests that ET-1 is synthesized by the epithelial
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component of phyllodes tumours and that ET-1 may be involved in epithelial stromal 

interactions in phyllodes tumours.

1.4.7.1.4 Fibroblast growth factors

Fibroblast growth factors (FGFs) are a family of at least 23 growth regulatory proteins 

that induce proliferation and differentiation in a wide range of epithelial, mesodermal 

and neuroectodermal origin. They exert their biological effects through a family of 4 

receptors (FGFRs) which are high affinity receptor kinases. La Rosa showed that acidic 

FGF was expressed by the epithelial component of fibroadenomas and its receptor, 

FGFR4 was expressed in the stroma, suggesting that FGFs may be important in stromal- 

epithelial interaction in fibroépithélial breast lesions (La Rosa et al. 2001). Hasebe et al 

found that basic FGF and FGFR expression were significantly correlated with stromal 

cellularity in fibroadenomas, and that phyllodes tumours had greater expression than 

fibroadenomas (Hasebe et al. 1999).

1.5 FLOW CYTOMETRY IN  PHYLLODES TUMOURS

Flow cytometry and assessment of DNA ploidy and S phase fraction have been assessed 

by various authors to assess whether they have any role in predicting the behaviour of 

phyllodes tumours, as flow cytometry has shown significant correlation with prognosis 

in other solid tumours (Merkel et al. 1987). Five studies (Keelan et al. 1992) (Layfield et 

al. 1989) (Murad et al. 1988) (Palko et al. 1990) (Tomita et al. 1994) have shown that 

DNA content and S phase fraction correlate with histological features, but neither appear
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to add useful prognostic information Two studies have shown an association between 

DNA content and natural history. El-Naggar et al, analysed 17 phyllodes tumours. 

Diploid phyllodes tumours were biologically indolent, whereas most of the aneuploid 

neoplasms killed their hosts (El-Naggar et al. 1990). The second study analysed 118 

patients with phyllodes tumours and found that aneuploidy and high S phase fraction 

correlated with a poor clinical outcome, but only S phase fraction was an independent 

prognostic factor in multivariate analysis (Niezabitowski et al. 2001).

1.6 CYTOGENETICS OF PHYLLODES TUMOURS

There have been very few cytogenetic studies of phyllodes tumours. A literature review 

reveals that 33 phyllodes tumours have been karyotyped. Most of them were benign. 5 

had no karyotypic abnormalities (all benign) and the cytogenetic changes found in the 

remaining 28 are shown in Table 1.3. In general the benign tumours have more simple 

and fewer chromosomal changes compared to the malignant tumours suggesting that 

karyotypic complexity is a marker of malignancy (Dietrich et al. 1997). No consistent 

chromosomal abnormalities have been shown in phyllodes tumours. Abnormalities of Iq 

are the most common finding. This normally takes the form of gain, most frequently as 

i(l)(ql0)-(10/28 tumours), and there are also 4 cases of structural rearrangements of Iq. 

Structural rearrangements of lOq are also common. Interestingly small interstitial 

deletions of 3p (del(3)(pl2pl4) and del(3)(p21p23),) have been found in 2 cases of 

benign phyllodes tumours as the sole abnormality.
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Author Histology Karyotype

Birdsall 1992 Benign 46,XX.t(6;12)(q23;ql3).t(10;16)(q22;pll),t(13;22)(pll;qll),add(14)(pll)
Birdsall 1995 Benign 46,XX,+dic(l;10)(ql0;q24),-21;46,XX,+i(l)(ql0),-21
Dal Cin 1995 Borderline 46,XX,i(l)(ql0)x2,+der(l)t(l;l)(q25;p31),inv(5)(pl3ql3),del(6)(q21),der(7)t (2;7)(ql2;q35),-14
Dal Cin 1998 Benign 52,XX,+7,+8,+l l,+12,+18,+20
Dietrich 1994 Benign

Borderline
(Recurred)

Malignant

Malignant

46,XX,del(12)(pl lpl2)/46,XX,t(8;18)(pl l;pl 1)

46,XX,t(3;20)(p21;ql3)
46,XX,t(3;20)(p21;ql3) 46,XX,t(9;10)(p22;q22)/46,XX,t(l;8)(p34;q24)/46,XX.del(ll)(q22-23) 

46^,t(l;6)(p34;p22)

42^,der(l)t(l;4)(q21;q21),der(3)t(3;17)(q29;q21).-4,i(8)(ql0).-10,-13, 
i(13)(ql0),der(14)t(l;14)(q21;pll),der(14)t(4;14)(pl2;pll),-17/80-90,idemx2 
,+del( 1 )(q 12),+i( 1 )(p 10),+idic(5)(p 14),+i(6)(p 10), +del(7)(p 11 ),+dup(7)
(ql Iq36),+i(15)(ql0),inc

Dietrich 1997 Benign

Benign

Benign

Benign

Benign

Malignant

46,XX,del(3)(pl2pl4)

46,XX,del(3)(p21p23)

4 5 ^ , der(10)t(l;10)(ql2;pl5),- 2 1 /4 6 ^ ,t(12;17)(ql3-15;q21-23)

46,XX,t(2;5)(q21;q33)/43-46^,i(l)(ql0),add(3)(qll),der(3)t(l;3)(pl3;p25),
?der(16)add(16)(pl3)add(16)(q22-24)

46,X,t(X;9)(ql2;p22)/46,idem,t(2;3)(q37;ql3)/47,idem,t(2;3),+ll

76,XXX,+l,+add(2)(q37),add(3)(p25),del(3)(pl2),-4,add(4)(q35).+5,+6,add
(7)(p22).del(7)(pl3),+der(7)t(3;7)(q21;p22),add(8)(p23),-9,-10,+ll,der(ll)t
(7;ll)(pl5;pl5)x2,del(12)(q24)x2.der(12)t(3;12)(q21;pl3),+13,-14,+16,der
(16)t(16;17)(q24;qll)x2,-17,-17,-17,der(19)t(3;19)(qll;pll),+20,der(21)t
( 1 ;21 )(q21 ;q22)ins(21 ;?)(q22;?),add(22)(ql 3),+r,+1 -7mar/140-145,idemx2/65, XXX,+2,-
3,add(7)(pll).+8,-9,-10,del(12),add(13)(pl3),-14,-15,-16,-16,-17,-17,+18,+20.-21,-22,+3mar

Ladesich 2002 Benign 52-55,XX,-1 ,+5,+7,+9,+10,+11,-15,+18,
19,+20,der(21)t(l ;21 )(pl3;q22),+marl ?2~4,+mar2[cpl8]/46,XX

Polito 1998 Benign

Benign

Benign

Benign

Benign

Benign

Benign

Benign

Benign

Benign

50,XX,+X,+i(l)(ql0),+5,+10

46,X,KX;6)(q25;p21),?inv(10)(q22q25)

47,XX,+i(l)(ql0)/46,XX,t(7;18)(p22;qll)

47 ,XX,+der( 1 ; 10)(q 10;q 10)

37-42,X,t(X;7)(q27;qll),dup(l)(q21q31),del(9)(p21),add(ll)(pl4),-19,-22, 
+der(?)t(?;?l )dup( 1 ),+mar

51,XX,+X,+l,inv(l)(p22p36)x2,+5,add(10)(q26),-17,+18,+20,+21/52,idem,+der 
(H)t(ll;17)(pl5;q21)/52,idem,+der(17)t(ll;17)(q22;q25)

46,X,-X,+5,-6,+20

47,XX,t(l;10)(q24;q25-26),t(2;3)(p21;q26),+7,del(12)(pll),del(13)(ql2q31) 

49,XX,del(10)(q22-23),+21,+2r,dmin 

45,XX,del(9)(p22),i(10)(ql0),-22
Tibiletti 2000 Benign 35-46,XX,-6,del(6)(q25),-20/23 34,X,+X,+l,+4,+6,+10,+13,+14,+18,+19,+20,+21
Woolley 2000 Malignant

Malignant

47,XX,+7/48,XX,+add(l)(pl0),+5

43-47,XX,+2mar/43-46,XX,+del(7)(pl0)

Table 1.3: Summary o f published karyotype data on phyllodes tumours
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These studies also give interesting information about clonality in phyllodes. 

Dietrich et al found that cytogenetic polyclonality was detected in three benign tumours. 

Two had cytogenetically unrelated clones, whereas the third had three different, 

karyotypically related cell populations as evidence of clonal evolution. They also found 

that clonal chromosome abnormalities were present in both the epithelial and connective 

tissue components of the phyllodes tumours (Dietrich et al. 1997). This together with the 

case report of a lung métastasés containing both epithelial and stromal elements (Kracht 

et al. 1998) suggests that both components are part of the neoplastic parenchyma.

A study which used comparative genomic hybridisation, (CGH), to study 

chromosomal copy number changes in 18 phyllodes tumours confirmed that gain of Iq 

is common in these tumours (Lu et al. 1997). The most frequent changes in this study 

were gain of Iq (7/18 tumours) and loss of 3p (6/18 tumours), followed by gain of 7q 

(4/18 tumours) and loss of 6q (4/18 tumours) and 3q (3/18 tumours). Gain of Iq material 

was significantly associated with histologically defined stromal overgrowth and was 

associated with recurrence. In one case, the gain of Iq material was restricted to lq24-32 

indicating that this area may harbour possible oncogenes important in the pathogenesis 

of these tumours.

Karyotyping and CGH show that most chromosomes can be abnormal in 

phyllodes tumours and generally the gains and losses are similar to those found in breast 

cancer, with the exception that phyllodes tumours tend not to show evidence of genomic 

amplification. Gains of material on Iq are frequent in carcinomas of other sites (colon, 

uterus) as well as in breast carcinoma. In breast carcinomas where there are frequently 

numerous chromosomal rearrangements, gain of Iq (often found as an isochromosome).
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is often considered a secondary chromosomal change. 65% of cytogenetically abnormal 

breast carcinomas have structural changes in Iq. It is more common in diploid versus 

aneuploid tumours and has been found as the sole abnormality in diploid tumours, in the 

form of an i(l)(qlO) and a der(l:16). It is therefore possible that in diploid tumours it 

may be an early event (Pandis et al. 1992) (Dutrillaux et al. 1990).

Deletion of 3p (pl2-13,pl4-21) is seen repeatedly as a sole abnormality in breast 

carcinomas and prohferative lesions such as atypical ductal hyperplasia, papillomas and 

fibroadenoma. In fibroépithélial lesions, it may be originating from the epithelial 

component, although Dietrich et al separated these components when studying phyllodes 

tumours but not fibroadenomas.

In fibroadenomas, cytogenetic abnormalities are less frequent than in phyllodes 

tumours -  in Petersson’s series of 50 fibroadenomas, only 9 had karyotypic 

abnormalities (Petersson et al. 1997). One had multiple unrelated clonal aberrations and 

the remaining 8 had a single abnormal clone including one with a deletion of 3p. 

Another series karyotyped 30 tumours and found 3 with chromosomal abnormalities 

affecting 6p and 12q, which are the sites of the HMGI-Y (6p21) and HMGI-C (12ql5) 

genes, which have been shown to be preferentially rearranged in mesenchymal tumours. 

In phyllodes tumours, three tumours had rearrangements of 6p and three of 12q. CGH of 

fibroadenomas generally shows few changes as most of the karyotypic abnormalities are 

balanced. One exception to this was Ojopi’s study which found that the most frequently 

over-represented segments were 5pl4 (10/23 cases), 5q34-qter (6/23 cases), 13q32-qter 

(6/23 cases), lGq25-qter (5/23 cases), and 18q22 (4/23 cases) Gain of Iq was also found 

to be the sole abnormality in a case of familial fibroadenoma (Ojopi et al. 2001).
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1.7 MOLECULAR GENETICS OF PHYLLODES TUMOURS

Apart from studies of clonality and two studies looking at telomerase activity there have 

been very few studies of the molecular genetics of phyllodes tumours.

1.7.1 CLONALITY STUDIES

The cytogenetic studies described above suggested that in some cases phyllodes tumours 

were monoclonal and in other cases polyclonal. The findings of Dietrich et al pose the 

intriguing question as to whether phyllodes are truly biphasic tumours with the 

epithelium and stroma originating from the same malignant clone. However the other 

cytogenetic studies described above analysed both stroma and epithelium together so 

these findings have not been confirmed.

One of the reasons there is little cytogenetic data on these tumours is the scarcity 

of fresh tissue from these rare lesions. X-inactivation techniques can be used to look at 

clonality in paraffin embedded tissue (see chapter four for more detail), and Noguchi et 

at used these techniques to look at the clonality of different benign breast pathologies 

including fibroadenoma and phyllodes tumour (Noguchi et al. 1993) (Noguchi et al. 

1995a). Clonal analysis of both epithelium and stroma was performed in 10 

fibroadenomas and 5 phyllodes tumours. This revealed that both the epithelial and 

stromal cells were polyclonal in fibroadenoma and that the epithelial cells were 

polyclonal, but the stromal cells were monoclonal in phyllodes tumour. These results 

suggested that fibroadenomas are a hyperplastic lesion rather than a neoplasm, and that 

phyllodes tumours are a neoplasm of the stromal cells. Kasami performed a larger study 

of fibroadenomas and found that 1/20 complex fibroadenomas (see p33) and 1/25 simple
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fibroadenomas were also monoclonal. The epithelial component of both monoclonal 

fibroadenomas was polyclonal. The one monoclonal lesion classified by the authors as a 

simple fibroadenoma was also the only one which had mixed features and contained a 

phyllodes component (Kasami et al. 1998).

Noguchi also conducted clonal analysis of fibroadenomas and phyllodes tumours 

that were obtained sequentially from the same patient (Noguchi et at. 1995b). They 

collected three such cases (one patient developed local recurrence of phyllodes tumour 

twice). The method for clonal analysis was based on random inactivation of the X 

chromosome-linked androgen receptor (AR) gene. Clonal analysis revealed that all the 

three primary fibroadenomas were monoclonal and all four recurrent phyllodes tumours 

were also monoclonal in origin. In addition, the same allele of the AR gene was 

inactivated in the fibroadenoma and phyllodes tumour(s) in each patient. This suggests 

that these phyllodes tumours and fibroadenomas arose from the same clone and that 

certain phyllodes tumours arise in fibroadenomas.

The data on clonality suggest that in the majority of fibroadenomas the stroma is 

polyclonal, but occasionally can be monoclonal, and this suggests that there are lesions 

initially classified on morphological grounds as fibroadenomas which evolve into 

phyllodes tumours. In phyllodes tumours the stroma tends to be monoclonal, however as 

few tumours have been analysed it is impossible to say whether all phyllodes tumours 

are indeed monoclonal. Some of the cytogenetic data shows that these tumours can have 

multiple cytogenetically unrelated clones. It appears using this technique that the 

epithelium is always polyclonal in contrast to the findings of Dietrich et al. This may be 

the case or the techniques used may be unreliable using the small amounts of poor
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quality DNA that can be extracted from the microdissected epithelium in these archival 

tumours.

1.7.2 TELOMERASE ACTIVITY

Telomerase is a ribonucleoprotein that synthesizes telomeres. Recent evidence suggests 

that telomerase reactivation is associated with the acquisition of immortalization and 

malignancy. Telomerase is not detected in normal somatic cells; thus, with each cell 

division, the ends of chromosomes consisting of the telomeric repeats TTAGGG 

progressively erode. The current model gaining support is that telomerase activity in 

germline and immortal cells maintains telomere length and thus compensates for this 

end-replication problem. Mokbel found telomerase activity present in two recurrent 

phyllodes tumours, one benign and one malignant (Mokbel et al. 1999). Hiyama 

assessed telomerase activity in 140 breast cancer specimens including four phyllodes 

tumours, 20 fibroadenomas and 17 fibrocystic diseases (Hiyama et al. 1996). 

Telomerase activity was not detected in any of 17 specimens of fibrocystic disease, but 

low levels of telomerase activity were detected in nine (45%) of 20 fibroadenomas, and 

two of four phyllodes tumours (one borderline and one malignant).

1.8 CONCLUSIONS

This chapter provides a full summary of the previous work that has been performed on 

phyllodes tumours. Most of the studies have been relating histopathological findings to 

clinical events such as recurrence and métastasés. As well as a suggestion of a spectrum
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between some lesions classified as fibroadenomas and those classified as phyllodes 

tumours, there is an important spectrum within the phyllodes group between benign and 

malignant. In the majority of cases benign and malignant tumours at each end of the 

spectrum can be identified easily. It is the tumours which lie some where in the middle 

that are difficult to classify and hence have led to the introduction by some authors of 

the borderline category. The majority of these tumours behave in an indolent manner. 

Even those that look histologically aggressive are often not so aggressive clinically, 

when compared to sarcomas of other sites. This has led to the suggestion by some 

authors that the epithelium exerts a controlling influence over the stroma and that in 

mahgnant tumours this is lost and the stroma outgrows the epithelium, hence the lack of 

epithelium in many malignant tumours. The finding of stromal mitoses adjacent to the 

epithelium suggest that the epithelium exerts some control over proliferation of the 

stroma, and the immunohistochemical studies of growth factors suggest that PDGF and 

FGFs may be involved in this process. It is particularly interesting that epithelial PDGF 

and stromal PDGFRbeta were found in 43% of the tumours studied by Feakins et al and 

that this co-positivity was associated with conspicuous stromal overgrowth.

Phyllodes tumours have several characteristics that make their biology 

intriguing. For instance the reports of benign tumours transforming into malignant 

tumours is an unusual characteristic. Breast carcinomas tend to remain the same grade 

even on recurrence or metastasizing. The reports of phyllodes tumours arising in 

fibroadenomas suggest that there may be a biological continuum from fibroadenoma to 

malignant phyllodes tumour. The finding that the immunohistochemical profile of these 

two tumours is very similar would support this theory. It is possible that a subset of
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fibroadenomas are in fact benign phyllodes tumours, but their stromal cellularity is not 

enough to classify them histologically as phyllodes tumours and it is these 

fibroadenomas which go on to become phyllodes tumours.

The issue of the clonal origins of the epithelium and stroma is also intriguing. A 

cytogenetic study suggested that both the epithelium and stroma contained the same 

chromosomal changes suggesting that they arise from the same neoplastic clone. This is 

supported by the finding of Witte et al that positive immunoreactivity for p53 was seen 

in the both epithelial and mesenchymal compartments of a phyllodes tumour. However 

the clonality studies of Noguchi et al, suggest that only the stroma is monoclonal.

The aim of this research is to try and gain a greater understanding of the biology 

of phyllodes tumours with an emphasis on understanding epithelial-stromal interactions 

in these tumours, establishing the molecular differences between benign and malignant 

phyllodes tumours, and assessing the clonal origins of these tumours. The hypothesis 

being that a greater understanding of the molecular biology of these relatively benign 

breast tumours, which tend to have acquired few chromosomal changes, may give some 

insight into the molecular biology of the more common breast carcinomas which often 

have multiple, confounding genetic abnormalities.
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CHAPTER TWO

MATERIALS AND METHODS
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MATERIALS AND METHODS

2.1 SAMPLE COLLECTION

2.1.1 PHYLLODES TUMOURS

One hundred and twenty four phyllodes tumour samples were collected from the 

following centres over the period of that this research took place:

Guys Hospital Breast Pathology Laboratory- 60 samples,

Nottingham City Hospital -  38 samples,

University College Hospital-14 samples,

Northwick Park Hospital -  6 samples,

Leicester Royal Infirmary-1 sample.

Royal Marsden Hospital- 2 samples,

St Bartholomew’s Hospital-2 samples,

Bristol Royal Infirmary -  I sample.

All tumour material was archival paraffin embedded tissue.

Haematoxylin and eosin (H&E) stained slides of each case were reviewed by a single 

histopathologist (Professor Andrew Hanby) to confirm the diagnosis and to provide a 

consistent histological classification. This was done using the analysis of a suite of 

features (Millis et al 1999). The tumours were scored individually for stromal 

cellularity, stromal and epithelial atypia, stromal and epithelial mitoses, presence of
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epithelial hyperplasia, stromal overgrowth and type of margin (see Appendix). In 

general the following criteria were applied in order to classify phyllodes tumours as 

benign, borderline or malignant. Malignant tumours were defined as having an increased 

mitotic activity (greater than 5 mitoses per 10 high power fields), marked cellular atypia, 

stromal cellularity and stromal overgrowth (low power objective consists only of 

stroma) and a widely infiltrating margin. The borderline malignant tumours were 

defined as those tumours with four of these characteristics. (The borderline category is 

very subjective and is in essence one where there are some features of malignancy, but 

not enough to confidently make that diagnosis). Tumours with three or less of these 

characteristics were considered benign. However in reality there was flexibility in the 

application of the criteria and that consensus was always reached with the pathologist in 

the referral centres, which were all centres of breast pathology expertise.

2.1.2 FIBROADENOMAS

Thirty unselected fibroadenomas were taken from the Guys Hospital Breast Pathology 

tumour bank for analysis. All material was archival paraffin embedded tissue.

2.1.3 BREAST CARCINOMAS

Seventy-eight unselected, consecutive, fresh-frozen paired breast carcinoma and normal 

DNA samples were taken from the Guys Hospital Breast Pathology tumour bank for 

analysis.
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2,2 MICRODISSECTION

Forty seven phyllodes tumours were microdissected to remove epithelium, normal tissue 

and stroma separately, in order to extract DNA from each component. Five sections, 

10pm thick, were cut from each tumour on non-coated slides and stained with toluidine 

blue. The slides were de-waxed in xylene (BDH) for 10 minutes twice, followed by two 

washes of 10 minutes each in 100% ethanol (BDH).

2.2.1 MICRODISSECTION USING THE LASER CAPTURE MICROSCOPE

A laser capture microscope, (Arcturus Eng.), was used to remove the epithelium from 

the stroma (Figure 2.1). This technique allows the epithelium to be selectively removed, 

leaving the stroma on the slide. The technique involves putting a slide with the sectioned 

material on the microscope stage and placing a thermoplastic film attached to a 

microfuge tube cap, on to the area of interest. A joystick is used to move the slide until 

the cells of interest, in this case the epithelial cells, are in the centre of the optical field. 

A pulsed laser beam from within the microscope optics is activated and melts the 

thermoplastic film at this precise location and it fuses with the underlying cells. When 

the film is removed the chosen cells remain bound to the film, while the rest of the 

tissue, in this case the stroma is left behind on the slide. DNA can be extracted from the 

epithelial tissue attached to the thermoplastic cap by placing digestion buffer in a 0.5ml 

Eppendorf microfuge tube, placing the cap with thermoplastic film into the tube and 

inverting so that the buffer is in contact with the cells.
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Figure 2,1: Microdissection using laser capture microscope

A. Phyllodes tumour showing 
leaf like stromal projections 
surrounded by epithelium

m

B. Microdissection o f epithelium 
using laser capture microscope 
from the same section

C. Dissected epithelium
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2.2.2 MICRODISSECTION USING THE LIGHT MICROSCOPE

The stroma and surrounding normal tissue that were left on the slide following removal 

of the epithelium were microdissected from each other by hand using a 25 gauge needle. 

The normal tissue was used as a source of constitutional DNA.

2.3 DNA EXTRACTION

2.3.1 DNA EXTRACTION FROM PARAFFIN EMBEDDED TISSUE (> 2CM^ OF 

TISSUEl

Extraction of DNA was performed using the QIAamp tissue kit (Qiagen, Hilden, 

Germany) if there was more than 2cm^ of tissue, (generally the stroma and normal 

tissue). The manufacturer’s protocol was followed. Briefly, the tissue was incubated at, 

55°C for 1-3 days in digestion buffer with proteinase K (Merck) at 20pg/ml, precipitated 

with ethanol and added to a spin column to which the DNA bound. After several washes, 

the DNA was eluted from the column with distilled water.

2.3.2 DNA EXTRACTION FROM PARAFFIN EMBEDDED TISSUE 

MICRODISSECTED USING LASER CAPTURE MICROSCOPE

For smaller amounts of tissue (generally the epithelium), DNA extraction was performed 

by incubating at 55°C in digestion buffer (4.45ml dHzO, 500pl lOx magnesium-free PCR 

buffer (Perkin-Elmer), at pH8 with proteinase K(Merck) at 200pg/ml).
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The amount of digestion buffer used depended on the size of the lesion and 

ranged from 50-100p,l, The tubes were vortexed and placed at 55°C for 1-3 days, with 

intermediate vortexing. The Proteinase K was de-activated by heating the tube to 95°C 

for 10 minutes and the tubes spun for 5 minutes at IBOOOrpm. The supernatant 

containing the DNA was transferred to a fresh tube, ready to be used.

2.4 POLYMERASE CHAIN REACTION

The polymerase chain reaction (PCR) is used to amplify regions of target DNA, and can 

be used provided as least part of the target nucleotide sequence is known. Portions of the 

sequence which flank the desired target are used to design two synthetic DNA 

oligonucleotides, one complementary to each strand of the DNA double helix. These 

oligonucleotides serve as primers for in vitro DNA synthesis, which is catalysed by a 

thermostable DNA polymerase, with the primers determining the ends of the amplified 

DNA fragment. PCRs were usually performed in 25pi volumes. A typical 25pi PCR 

reaction would be:

2.5pl lOx Mg^^-free PCR buffer (Promega)

1.5pl Mg^  ̂(@ 25mM, giving final concentration of 1.5mM) (Promega)

Ipl dNTPs (deoxyribonucloside triphosphates @ 2.5mM, giving final

concentration of 0.1mM)(Pharmacia)

0.5pl Forward Primers (@ 20mM)

0.5pl Reverse Primers (@ 20mM)
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0.25^1 BSA lOmg/ml (New England Biolabs) 

0.25pil Tag DNA Polymerase (made in-house) 

10-50ng DNA

Volume made up to 25pl with sterile dHiO

The DNA was aliquoted separately into microtitre plates (Advanced 

Biotechnologies), then the PCR master mix was made up with the remaining 

components, vortexed briefly and added to the plate containing the DNA. The plate was 

then sealed with a heat plate to prevent evaporation during thermocycling. Three main 

stages comprised the PCR - first dénaturation into single stranded DNA, followed by 

annealing, allowing the primers to find and anneal to the target sequence, then extension 

of the primers along the target sequence. A typical PCR reaction consisted of an initial 

dénaturation of 94°C for 5 minutes, then 35-39 cycles each of 94°C for 1 minute, 55°C 

for 1 minute, 72°C for 1 minute, then a final extension step of 72°C for 10 minutes, 

performed on Tetrad PCR machines (MJResearch). The annealing temperature was 

optimised according to the T^of the primers. When standard conditions failed to amplify 

the target DNA due to the poor quality of DNA extracted from paraffin embedded tissue, 

the number of cycles was extended to 39 and the length of the last two steps of each 

cycle extended to 2 minutes.

2.5 AGAROSE GEL ELECTROPHORESIS

Agarose gel electrophoresis separates DNA molecules according to their size and was 

used for checking for the presence of PCR products. Agarose was prepared by boiling a
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mixture of agarose powder (Gibco BRL) in IXTBE, at concentrations of 2%. When 

cooled to approximately 50°C, ethidium bromide (lOmg/ml) (Pierce) was added and 

mixed in to a final concentration of 0.25|big/ml. The ethidium bromide intercalates with 

the DNA and fluoresces under ultraviolet light, allowing visualisation of the DNA 

fragments. Molten agarose was poured into a gel-casting tray with a comb in position 

and left to set. The comb was then removed, the gel was placed in a running tank and 

then covered with a running buffer of IxTBE. 5|xl of DNA was combined with 2pl of 

tracking dye and loaded into each well. lOpl of 1Kb ladder was loaded in the final well 

to allow sizing of the fragments and the gel electrophoresed at 100-130V for 10-30 

minutes. Visualisation of the DNA was then performed by placing the gel on a UV 

transilluminator (260nm) and photographs taken using a UV products camera.

2.6 DETECTION OF ALLELIC 1MBATANCE

Highly polymorphic microsatelite markers were chosen from public databases 

(Genethon (wvm.genethon.fr) and CHLC (wAVW.chcl.org)).The forward primers for 

each marker had a 5’ fluorescent tag (either F AM, HEX or TET).

The polymerase chain reaction was used to amplify DNA from the tumour 

epithelium, the tumour stroma and the normal tissue, from each tumour. 0.2|il of the 

resulting PCR products were combined with Tamra 500 size standard and formamide 

loading buffer before running for 2 hours on 5% Genescan gels (ABI377 prism). Results 

were analysed using Genotyper software to assign peak areas to all main and stutter 

bands. Allelic imbalance was considered if a person was heterozygous for a marker and
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the relative ratio of normahtumour areas was less than 0.5 or greater than 2, given by the 

formula (N1/N2) / (T1/T2) where N l=  sum of normal peak areas (including stutter 

peaks) for one normal allele, N2 = sum of the peaks for the second normal allele, T l=  

sum of the tumour peaks for one allele and T2= sum of the tumour peaks for the second 

allele. The cut off point of less than 0.5 or greater than two allowed for any 

contaminating normal tissue within the microdissection.

2.7 MUTATION DETECTION TECHNIQUES

2.7.1 SINGLE STRANDED CONFORMATIONAL POLYMORPHISM ANAT.YSTS

The rate of migration of single stranded DNA under non-denaturing conditions through 

a polyacrylamide gel is sensitive to secondary structure, and this structure in turn 

depends on the nucleotide sequence. If there are sequence differences between different 

strands of DNA, the secondary structure may be altered and this will be detected as a 

band of altered mobility on single stranded conformational polymorphism (SSCP) 

analysis. SSCP can be used to search for mutations such as point mutations (missense or 

nonsense), insertions and deletions in PCR products of up to 350 base pairs in length. 

The SSCP method employed was polyacrylamide gel electrophoresis (PAGE) combined 

with silver staining. PAGE was performed using the Phast minigel system (Pharmacia). 

2\i\ of the PCR product was combined with 2|il of SSCP loading buffer (98% 

formamide (Amersham) containing 0.05% bromophenol blue (Sigma) and 0.05% xylene 

cyanol (Sigma)), and denatured at 95°C for 5 minutes. Fragments were separated on pre

cast 20% gels for 140-150 volt hours, with the running temperature generally 10°C or
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15°C. Silver-staining was used to detect the bands according to the manufacturer’s 

instructions.

Any samples showing aberrant migration were re-amplified from the source 

DNA, purified using Qiaquick columns (Qiagen) and directly sequenced using the ABI 

Big Dye Terminator kit (Applied Biosystems).

2.7.2 SEQUENCING PROTOCOLS

2.7.2.1 PURIFICATION OF PCR PRODUCTS

Prior to sequencing, PCR products were purified using the Qiaquick PCR purification 

spin columns (Qiagen) according to the manufacturer’s instructions. The purification 

separated the target DNA from excess dNTPs and primers that may have interfered with 

subsequent downstream experiments. For example, if too much unbound primer were 

present in purified PCR products, the chances of primer-dimer formation increased. The 

sequencing reactions performed on such templates would mainly consist of primer 

sequences and not the PCR product.

1 .122  DIRECT SEQUENCING OF PCR PRODUCTS

Sequencing of PCR products was performed using the Big Dye Terminator sequencing 

mix (Applied Biosystems) which incorporates base-specific fluorescent nucleotides, 

utilising the dideoxy chain-termination method (Sanger 1981). This method is based 

upon the enzymatic incorporation of dideoxyribonucleoside triphosphates in which the
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deoxyribose 3’-OH normally present is missing. When these modified nucleotides are 

incorporated the addition of subsequent nucleotides is blocked, which leads to 

fluorescent DNA ‘ladders’ of differing lengths which can then be separated on 

polyacrylamide gels. Sequencing reactions were made as follows:

8|il Big Dye Terminator mix (PE Apphed Biosystems)

0.5|xl primer (either forward or reverse, as used in the PCR)

5-10|il purified PCR product depending on the strength of the product

made up to 20pl with dH2 0

Cycle-sequencing was performed in a PCR machine with an initial dénaturation 

at 94°C for 4 minutes, followed by 25 cycles of 94°C for 30 seconds, 50°C for 10 

seconds and 60°C for 4 minutes, with a final extension of 60°C for 7 minutes. The 

sequencing products were cleaned up to remove excess salts and big dyes using the 

Qiaquick columns as described in 2.7.2.1, and heated on a hot plate until dry. The 

products were then re-suspended in 3|l i 1 of microSTOP loading buffer (Perkin-Elmer), 

denatured at 94°C for 4 minutes, and run on an ABI377 Sequencer (Applied 

Biosystems) on 5% Severn Super Sequencing mix (Severn) polyacrylamide gels.

2.8 IMMUNOHISTOCHEMISTRY

Immunohistochemistry was used to look at the expression and localisation of proteins of 

interest in paraffin embedded material. 4pm sections were cut from paraffin blocks onto
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coated slides and baked overnight at 60°C. The slides were then dewaxed twice in 

xylene for 3 minutes, and dehydrated twice in absolute alcohol for 3 minutes. 

Endogenous peroxidase activity was inhibited by transferring the sections to a humidity 

chamber and covering them with freshly prepared 0.5% H2O2 in methanol for 10 

minutes. The sections were then washed in running tap water for 5 minutes.

Sections were pretreated to expose sites of antigenicity depending on antibody 

type, table 2.1. Pretreatment involved pressure cooking in 3 litres of 0.0 IM citrate buffer 

pH6 at full pressure for 2 minutes, 15 p.s.i. Sections were then placed in running water 

for 10 minutes.
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Table 2.1: Antibodies used for immunohistochemistry.

Antibody Type Company Dilution Pretreatment Incubation

p53 Mouse
monoclonal

Oncogene 
Science, Ab-6

1 in 70 NONE 1 hour

P-catenin Mouse
monoclonal

Transduction 
Labs. C19220

1 in 800 PC 2mins 1 hour

Cyclin D1 Mouse
monoclonal

J. Bartek 
DCS-6

1 in 100 PC 2mins overnight

MDM2 Mouse
monoclonal

Oncogene 
Science, Ab-1

1 in 15 PC 2mins overnight

M lB l Mouse
monoclonal

Immunotech 1 in 200 PC 2mins 1 hour

Caveolin Mouse
monoclonal

Transduction 
Labs. C37120

1 in 500 PC 2mins 1 hour

y-catenin Mouse
monoclonal

Transduction 
Labs. C26220

1 in 1000 PC 2mins 1 hour

IGFIR Mouse
monoclonal

Neomarkers
Ab-1

Ready to 
use

PC 2mins 1 hour

Fini Rabbit
Polyclonal

Upstate Bio 
07-091

1 in 150 PC 2mins 1 hour

c-myc Mouse
monoclonal

ICRF:clone
9E11

1 in 40 NONE 1 hour

C-kit Mouse
monoclonal

Novocastra
T595

1 in 20 PC 2mins 1 hour

The method described in the text is that used fo r  mouse monoclonal antibodies. For 
rabbit polyclonal antibodies swine serum was used with biotinylated swine anti-rabbit, 
(PC -  pressure cooked).

The slides were transferred to a humidity chamber and covered with 0.015M Tris 

buffered saline (TBS) pH 7.6 for 5 minutes, twice. The sections were drained, incubated 

in 20% rabbit serum in TBS for 10 minutes, and then covered with optimally diluted 

antibody for 1 hour or overnight, table 2.1. Sections were then rinsed in TBS twice for 3 

minutes and covered in biotinylated rabbit anti-mouse diluted 1:400 in 3% normal 

human serum in TBS and incubated for 30 minutes. Sections were rinsed in TBS twice 

for 3 minutes. The peroxidase conjugated streptavidin -  biotin complex was made using
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the Dako Kit (Dako) and sections covered and incubated in this for 30 minutes. Sections 

were then rinsed in TBS twice for 3 minutes and the peroxidase demonstrated by 

incubating in diaminobenzidine solution (Biogenex) for 5 minutes.

Slides were then washed with TBS and placed in running water for 5 minutes. 

Nuclei were lightly counterstained with haematoxylin for 2 minutes (excess removed in 

water) and placed in 1% acid alcohol for 10-20 seconds to differentiate and then 

returned to tap water for at least 3 minutes before dehydrating and mounting in Eukitt.

2.9 ISOTOPIC RIBOPROBE IN  SITU HYBRIDISATION

Isotopic riboprobe in situ hybridisation (ISH) was used to detect mRNA in paraffin 

embedded sections in order to assess expression of various genes within phyllodes 

tumours. This technique was performed by the in situ hybridisation service at Cancer 

Research UK.

2.9.1 PROBE PREPARATION

An ideal riboprobe is one of 400-1000 bases with the least amount of vector sequence 

possible. For some of the genes that were studied probes were already available that had 

been used in previous studies, and for those genes where no probes were already 

available image clones were selected from the Human Genome Mapping Project 

Resource Database, http://www.hgmp.mrc.ac.uk. The insert was sequenced to confirm 

its identity and orientation. The plasmid DNA was linearised with a suitable restriction
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enzyme such that transcription with the appropriate RNA polymerase (either SP6/T7) 

would result in an anti-sense probe. The linearised template was then cleaned as 

described in 2.7.2,1. The probe was labelled with ^^S-UTP in the following reaction:

2.5|il of transcription Buffer (Promega) 5x

l.Opl of RNase Inhibitor (Boehringer) 20U/fil

0.7pl of DTT lOOmM

2.0\i\ of ATP,GTP,CTP mix, 6.25mM

up to 2.4|xl of Template DNA solution (need 0.5-Ipg)

3.5|xl of ^^S-UTP (Amersham) 50pM

0.2|li1 of RNA polymerase, 15-20U/p,l

dHjO to make up to a total of 12.5|xl

This reaction was incubated at 37°C for 60 minutes. The template was then destroyed by 

adding DNAsel (Ipl, RNase-free) and incubating at 37°C for 15 minutes. DTT (lOmM, 

25|xl) and ribosomal RNA (10mg/ml,1.5|il) were added to the reaction tube, mixed and 

then added to a Chromaspin-30 column (Clontech) and centrifuged at 700xg at 15°C for 

3 minutes, collecting the elute in a new tube containing DTT (lOOmM, 3pl) and Rnase 

Inhibitor (20U//xl, 2/d). The probe quality was checked on a 6% polyacrylamide 

sequencing gel, with an x-ray film exposure to the dried gel of 15 mins.
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2.9.2 TISSUE PRETREATMENTS

Three 4p,m sections were cut from each block, one for a positive control (P-actin) and 

the others for two different exposure times for the probe of interest. Sections were 

collected onto pre treated slides (Shandon cat no 9991002) and dried overnight at 37°C. 

The slides were dewaxed in xylene and hydrated in alcohols. The slides were then 

digested using Proteinase K (Sigma, 20p.g/ml, in PBS prewarmed at 37°C for 10 

minutes). Digestion was stopped by immersing slides in 0.2% glycine in double strength 

PBS for 5 minutes before post fixing in 4% Paraformaldehyde in PBS, washing in PBS 

and then acetylating in O.IM Triethanolamine with 1.25 of Acetic anhydride for 10 

minutes and washing well before dehydrating and air drying.

2.9.3 HYBRIDISATION

The hybridisation mix and probe were warmed in a 95°C water bath and mixed 

thoroughly, placed on the section and coverslipped. Approximately Ing of RNA probe 

per 20pl of hybridisation mix is required for each slide. Hybridisation was carried out 

overnight at 55°C in a humidified chamber. The slides were washed with formamide 

buffers at 55°C, 4 changes over 3-4 hours, then washed to remove the formamide (9 

changes, 5 minutes each of TNE (lOmMTris/HCL ,100mMNaCl, ImMEDTA buffer pH 

7.5)), an RNase A step was used to digest mismatched regions of imperfectly hybridised 

probe (Sigma, preboiled: 100p,g/ml in TNE, at 37°C for 1 hour). Stringency washes were 

then used to remove the remaining short segments: 2xSSC at 65°C for 30 minutes, 

twice, followed by 0.5xSSC at 65°C for 30 minutes, twice. The slides were then
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dehydrated in alcohols. The slides were then dipped in to a cylinder of melted Ilford K5 

emulsion (15ml) with distilled water (25ml) at 45°C. Slides were immediately chilled 

and then left in complete darkness until dry. The slides were stored in light proof boxes 

at 4°C for exposure times of 12 and 20 days. The slides were developed in Kodak D-19 

at 17°C for 4 minutes and then rinsed in 1% acetic acid and tap water, fixed in 30% 

sodium thiosulphate fixer and then washed in tap water. Giemsa Solution (BDH) was 

used as a counterstain. Sections were dried and coverslipped. The autoradiographic 

silver grains were then visualised using an Olympus BH2 microscope with epi- 

illumination.

2.10 FLUORESCENT IN  SITU HYBRIDISATION

Fluorescent in situ hybridisation (FISH) was used on paraffin embedded sections to look 

for the copy number of a particular probe in the epithelial and stromal components of 

phyllodes tumours. For each section the pretreatment and digestion times had to be 

optimised, as did the dénaturation temperature for each probe.

4pm sections of paraffin embedded tissue were cut onto coated slides and de

waxed as described previously. The slides were then subjected to pretreatment using IM 

sodium thiocyanate (Sigma) at 45°C for 20 minutes, rinsed in 2xSSC, followed by 

protein digestion by proteases using the Tissue Kit (Oncor). The slides were digested for 

20 minutes at 45°C, and rinsed in 2xSSC for 10 seconds. The slides were then 

dehydrated through a 70%, 95% and 100% ethanol series and air dried. 20pi of 

propridium iodide was added to the slide and the digestion evaluated, according to the
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protocol. If the tissue was appropriately digested without loss of morphology, the probe 

was prepared. Commercial probes were used, the probe and hybridisation mix were 

warmed at 37°C for 10 minutes and then 1.5p,l of probe was combined with lOjil of 

hybridisation mix. This was vortexed and centrifuged, and added to the section, which 

was then coverslipped and sealed with rubber cement . The slide and probe were co

denatured on a 73°C hotplate for 10 minutes and left to hybridise overnight at 37°C in a 

humidified chamber in the dark.

40ml of the appropriate SSC wash solution (IxSSC for centromeres and 2xSSC 

for unique sequence probes) was pre-warmed at 72°C. The coverslips were removed 

from the slides and the slides immersed for 5 minutes without agitation. Slides were then 

put in 4xSSCT for 2 minutes at room temperature before being incubated with 60|xl of 

the appropriate detection reagent for 5 minutes at 37°C. For biotin labelled probes 

avidin-FlTC (Vector labs) diluted 1/500 with SSCT was used, and for digoxygenin 

labelled probes, either anti-digoxygenin-rhodamine (Boehringer Mannheim) diluted 

1/100 in SSCT or anti-digoxygenin-FlTC (Boehringer Mannheim) diluted 1/300 in 

SSCT was used. For directly labelled probes no detection agent was necessary. The 

slides were washed three times in SSCT for 2 minutes each, before being counter

stained with anti-fade DAPl or propridium iodide and coverslipped. Slides were 

visualised using an epifluorescence microscope (Applied Imaging) equipped with a 

triple-color epifluorescence filter set (selective for the fluorochromes DAPl, FITC, and 

rhodamine) in combination with a cooled CCD camera (Quantix Photometrix). Images 

were captured using Quips software (Vysis).
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2.11 COMPARATIVE GENOMIC HYBRIDISATION

Comparative genomic hybridisation (CGH) is a useful tool for performing a genome 

wide scan of chromosomal loss and gains in a tumour (Kallioniemi et al. 1992). A 

mixture of DNA from malignant and normal cells are differentially labelled with red or 

green fluorochromes and then hybridised onto metaphase spreads. Images of 5-10 

metaphases are captured and quantification of the fluorescence ratios performed using a 

digital image analysis system. The relative ratios of red and green are then compared. 

Regions of genetic material which have been lost during tumour progression will show 

as red, and regions which have been gained will show as green. The thresholds of 

detection for CGH are regions greater than 10Mb for loss of genetic material, and gains 

of 2Mb or more if the region is amplified five times.

2.11.1 NICK TRANSLATION AND PRECIPITATION OF PROBE

Ipg of tumour DNA or test DNA were labelled with FITC-12-dUTP (Vysis) or Texas 

Red-5-dUTP (Vysis) respectively. This was achieved by mixing the DNA, lp,l of the 

relevant fluorochrome, 5pi dNTPs, lOpl DNA polymerase I/DNase mix, and Ipl DNA 

polymerase I and distilled water to make a total volume of 50pl. The mix was incubated 

at 15°C for 2 hours, then left on ice while 5pl was run on a 1% agarose gel. Probe 

fragments forming a smear ranging in size between 500 and 2000 base pairs were the 

best length for smooth hybridisations. One of the problems when using DNA from 

paraffin embedded material was the production of smaller DNA fragments. The 

reactions were stopped by adding 5pl of 0.5M EDTA and could be stored at -20°C until
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ready for use. The tumour and test DNAs were then combined in an Eppendorf tube and 

mixed with 50p,l of human Cot-1 DNA, 0.1 volume 3M sodium acetate, and 2 volumes 

cold absolute ethanol. The DNA was precipitated on dry ice for 30 minutes or overnight 

at -20°C. After spinning at 15000rpm, the supernatant was carefully removed and the 

pellet left to air dry. The pellet was then re-suspended in 10|uil of hybridisation mix and 

denatured at 75°C for 5 minutes. The DNA was left to pre-anneal at 37°C for 30 minutes 

to 1 hour whilst the slides were prepared for hybridisation.

2.11.3 DENATURATION OF SLIDE AND HYBRIDISATION

Each batch of slides, whether commercial (Vysis) or made in-house, had a pre

determined optimal dénaturation time. Prior to dénaturation, slides were examined under 

the microscope to ensure they were suitable for hybridisation, with many, distinct 

metaphases free of cytoplasm being ideal. The slides were then denatured on a hotplate 

at 73°C with dénaturation solution under a 22nun X 50mm coverslip. The coverslip was 

then flicked off and the slides placed in ice cold 70% ethanol for 3 minutes, then 

dehydrated through an ethanol series for 3 minutes each. The slides were air dried and 

then ready for use. For the hybridisation, the slides were placed on a hotplate at 37°C 

and lOp.1 of a denatured probe added to each half of the slide. Each probe was covered 

with a 22 X 22mm coverslip, sealed with rubber cement and sealed in a moist chamber 

for 48-72 hours at 37°C.
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2.11.4 PQST-HYBRIDTSATION WASHES OF THE SLIDES

Following hybridisation, the coverslip was removed from the slides and the slides 

subjected to three 5 minute washes in 50% formamide/2XSSC at 42°C, then three 5 

minutes washes in 2XSSC, again at 42°C, The slides were then subjected to a 5 minute 

wash at room temperature in SSCT, whilst shaking gently, before dehydrating through 

an ethanol series (70%, 95%, 100%) and being left to air dry. The slides were then 

mounted in DAPl (approximately 20p,l under a 22 X 50nun coverslip), and either stored 

in a cardboard folder at 4 °C or captured immediately.

2.11.5 IMAGE ACQUISITION AND ANALYSIS

5-10 metaphases per experiment were captured using an epifluorescence microscope 

(Applied Imaging) equipped with a triple-color epifluorescence filter set (selective for 

the fluorochromes DAPl, FITC, and rhodamine) in combination with a cooled CCD 

camera (Quantix Photometrix). Images were captured using Quips software (Vysis). The 

metaphases were karyotyped using the digitally inverted DAPl image which gave a G- 

banded pattern. After karyotyping the relative intensities of the red and green signals 

were analysed and an average obtained for multiple metaphases. CGH experiments were 

considered successful if enough fluorochrome had been incorporated to give smooth 

intense color that was not granular in appearance.
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2.12 SOLUTIONS FOR MOLECULAR TECHNIQUES 

0.5M Ethvlenediamine tetraacetate (EDTA)

93g EDTA (BDH)

lOg sodium hydroxide pellets (BDH)

400ml dHjO

pH adjusted to 8.0, made up to 500ml with dHgO and autoclaved. 

Ethidium bromide (lOmg/ml)

0.1 g of ethidium bromide (Pierce) dissolved in 10ml dH2 0 . Stored in dark.

Proteinase K buffer (stored at 4°C)

2mM Na-EDTA (200[il 0.5M solution)

1% SDS (5ml 10%SDS)

44.8mls dH,0

Proteinase K solution

2mg Proteinase K (Merck) in 1ml EDTA/SDS buffer.

Silver Staining solutions/protocol

2 x 3  minutes in fixing solution: 10% Ethanol(100ml/L), 0.5% acetic acid (5ml/L) 

1 X 15 minutes in staining solution: 0.1% (Ig/L) silver nitrate (AgNO^) (Sigma) 

2 x 1  minute in dH,0
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1 X 20 minute in developing solution: 1.5% (9.374g/L)sodium hydroxide (BDH), 

0.1% (lml/L)Formaldehyde (BDH), prepared immediately before use.

1x 1 0  minutes in stop solution:0.75% (7.5g/L) sodium carbonate (NA3 CO4 ) (BDH). 

Gentle agitation required with all solutions.

Sodium dodecvl sulphate (SDS)

10% w/v volume SDS (BDH) in sterile dHgO.

5xTBE

54g Tris base (Sigma)

27.5g Boric acid (BDH)

20ml 0.5M EDTA pH 8.0

Made up to 1 litre with dĤ O and autoclaved.

2,13 SOLUTIONS FOR IMMUNOHISTOCHEMISTRY

O.OIM Citrate Buffer dH 6.0

6.3g Citric Acid 

3 litres d HgO

Adjusted to pH 6.0 using N NaOH

0.5% H2 O2  in methanol

200pl of 30% H2 O2
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11.8mL of methanol

0.015M Tris buffered saline (TBS)

80g sodium chloride 

6.05g Tris hydroxymethlamine (TRIS) 

44ml IM HCL 

10 litres dH2 0

adjusted to pH 7.6 using IM HCL or TRIS

2,14 SOLUTIONS FOR IN  SITU HYBRIDISATION AND CYTOGENETIC 

TECHNIQUES

Ethanol series for dehydration

70% - 700ml absolute ethanol and 300ml dH20 

95% - 950ml absolute ethanol plus 50ml dH20 

100% - absolute ethanol

Formamide wash solution 

50% formamide (250ml) 

2XSSC (50ml 20XSSC) 

made up to 500ml with dH20
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Hybridisation mix

1ml 20 X SSC (=2XSSC)

5ml formamide 

Ig dextran sulphate (=1 0 %)

1ml Tween (=10% )(Sigma) -  made up to 10ml with (IH2 O, aliquoted and stored at -20°C,

Phosphate buffered saline

8 gNaCl

0.2g KCl

L 44gN a2H P 04

0.24g KH2 PO4

Add H2 O to make up to IL

Adjust pH to 7.4 with HCl

Autoclave

IM Sodium Thiocvanate

8 g Sodium Thiocyanate 

lOOmls dH,0

2XSSC (10%y/v20XSSC) 

50ml 20XSSC 

450ml dH,0
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SSCI

100ml 20XSSC

2.5mls 0.05% Tween-20

pH 7.0, made up to 500ml with dHjO
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CHAPTER THREE

MOLECULAR ANALYSIS OF PHYLLODES

TUMOURS REVEALS DISTINCT CHANGES

IN THE EPITHELIAL AND STROMAL

COMPONENTS
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MOLECULAR ANALYSIS OF PHYLLODES TUMOURS REVEALS 

DISTINCT CHANGES IN THE EPITHELIAL AND STROMAL 

COMPONENTS

3 J  INTRODUCTION

From chapter one it can be seen that there have been few molecular studies of phyllodes 

tumours. The studies that have been performed have been on small numbers of tumours. 

One of the largest studies looking at genetic changes in phyllodes tumours is that of Lu 

et al (Lu et al. 1997). In that study comparative genomic hybridisation (CGH) was used 

to assess the gains and losses in 18 whole, fresh-frozen phyllodes tumours. They found 

that loss of material on 3p (6/18 tumours) and gain of Iq (7/18 tumours) were the two 

most common chromosomal abnormalities. These findings are supported by the 

karyotype data (chapter one): deletions of 3p ((del(3)(pl2pl4) and del(3)(p21p23)) were 

found in 2 cases of benign phyllodes tumours as the sole abnormality (Dietrich et al. 

1997), and gain of Iq is a frequent finding, often as i(l)(qlO) (Polito et al. 1998).

3p loss has been shown to be a common abnormality by allele loss and/or 

comparative genome hybridisation studies in breast, lung, bladder, cervix, and colon 

cancers (Pandis et al. 1997) (Wistuba et al. 2000) (Li et al. 1996) (Thiagalingam et al.

1996). So far, at least three distinct 3p regions have been identified as showing frequent 

allele losses in breast cancer including 3p24-26, 3p21.3-22, and 3pl4.2, suggesting the 

presence of several different tumour suppressor genes in this region (Matsumoto et al.

1997) (Driouch et al. 1998). Tumour suppressor genes that have been implicated in these
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regions are the RASSFIA gene (3p21.3) (Dammann et al. 2000), and the fragile 

histidine triad (FHIT)/FRA3B gene, (3pl4.2) (Ahmadian et al. 1997). A recent study 

looking at 3p loss in breast carcinomas found at least nine discrete intervals of 

discontinuous loss of heterozygosity located along the entire short arm of chromosome 

3p [ (Maitra et al. 2001). This loss was also present in preneoplastic epithelial lesions 

and in the majority of instances, there was a demonstrable clonal relationship between 

the tumour and the preneoplastic epithelium. This suggests that 3p allele loss plays an 

important role in the multistep pathogenesis of breast cancers. It has been suggested that 

mutational predisposition from defective double-strand break-repair combined with 

exposure to oxidative damage is the common underlying pathway by which 

discontinuous fragile regions such as on chromosome 3p undergo damage. In the context 

of lung carcinomas, it has been convincingly demonstrated that chromosome 3p 

undergoes frequent discontinuous allele loss, and the stimulus for double-strand break is 

presumed to be oxidative damage from cigarette smoking (Wistuba et al. 2000). It is 

also possible that this is the case in other cancers, including breast cancer, and would 

explain the findings of multiple discontinuous breaks on 3p. However, whatever the 

mechanism of 3p loss, if it results in the loss of critical growth-suppressing genes, the 

downstream effect may give the tumour a growth advantage.

Gain of Iq is common in breast carcinoma and other cancers (Mertens et al.

1997). In breast carcinoma it often takes the form of an isochromosome for the long arm 

of chromosome 1, i(lq), or a fusion chromosome consisting of the long and short arms 

of chromosomes 1 and 16, respectively, der(l;16)(ql0;pl0) (Tsarouha et al. 1999). 

Unlike 3p, common minimal regions of gain have not been identified. Hoglund et al
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have used statistical methods to allow identification and interpretation of karyotypic 

pathways in breast carcinomas and have shown the presence of two cytogenetic 

pathways, one initiated by Iq gain and followed by loss of l lq  and 22, and the other 

initiated by loss of either 3p or Iq, followed by loss of Ip, 3q, and 6q. Thus according to 

this study, gain of Iq and loss of 3p appear to be early events in breast carcinogenesis 

and also appear to be mutually exclusive (Hoglund et al. 2002).

The finding that loss of 3p and gain of Iq are common in both breast carcinomas 

and phyllodes tumours, suggested that the same genes may be involved in the 

pathogenesis of both diseases. There was a possibility that phyllodes tumours might be 

less genetically heterogeneous and thus be more amenable to gene mapping studies, than 

breast carcinomas.

In this study, highly polymorphic microsatellites on chromosomes Iq and 3p 

were used for assessment of allelic imbalance (AT) in 47 phyllodes tumours in order to 

confirm the CGH findings and to provide finer-scale mapping of the regions of loss and 

gain. In all tumours, stroma and epithelium were microdissected and analysed 

separately. The same microsatellites were also used on an unselected set of 78 breast 

carcinomas to see if similar areas of loss and gain occur in both breast and phyllodes 

tumours.

3,2 HISTOLOGICAL FEATURES OF SAMPLES

Forty-seven (sample numbers 52-98) phyllodes tumour samples were used in this study. 

The histological features of the phyllodes tumours are detailed in Appendix 1. The

92



C h a p t e r  T h r e e

majority were benign. Only two had frankly malignant stroma (samples 55 and 79). 49% 

had an infiltrating border and 57% showed evidence of stromal overgrowth. There was a 

high incidence of epithelial hyperplasia within the phyllodes tumours; 60% had some 

evidence of epithelial hyperplasia and in 21% this was marked. One tumour contained a 

focus of LCIS (sample 95) in the epithelium and one had foci of both DCIS and LCIS 

(sample 56).

Seventy-eight unselected, consecutive, fresh-frozen paired breast carcinoma and 

normal DNA samples were taken from the Guy’s Hospital tumour bank for analysis. 

86% were grade 3, 7% were grade 2, 1% were grade 1 and 5% were lobular carcinomas.

3.3 MAPPING OF 3d  AND la

For the initial mapping of 3p and Iq, 10 highly polymorphic microsatellite markers (5 

for 3p, 4 for Iq, and 1 close to Icen) were chosen from public databases (Genethon 

(www.genethon.fr) and CHLC (www.chlc.orgH Table 3.1. One oligonucleotide for 

these markers was fluorescently labelled (FAM, TET or HEX) and product sizes were 

chosen in such a way that all 10 microsatellites could be run together in a single lane on 

the ABI 377 sequencer. Microsatellite loci were amplified in the PCR from stroma, 

epithelium and normal tissue (phyllodes tumours) and from tumour and normal DNA 

(breast carcinomas). For each oligonucleotide pair, the PCR was optimised for annealing 

temperature and Mg '̂  ̂concentration.

Microsatellites were analyzed for AI using the Genotyper programme (ABI). 

From the published CGH results, it was assumed that all AI on 3p resulted from loss of
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material (or alternatives such as mitotic recombination), and that all AI on Iq reflected 

true gain of material. On 3p, AI at each marker locus was considered to be present if the 

area under one allelic peak in the tumour was less than 0.5x or greater than 2x that of the 

other allele, after correcting for the relative allelic sizes using the constitutional DNA. 

For Iq, less stringent thresholds were used - allelic ratios of less than 0.57 and greater 

than 1.75 - reflecting the expected gain of material which might be of a low level.

3.4 FREQUENCY OF ALLELIC IMBALANCE ON la  AND 3p IN PHYLLODES 

TUMOURS AND BREAST CARCINOMAS

Fourteen of 46 (30%) phyllodes tumours showed AI at one or more markers on Iq and 

10 of 42 (24%) showed AI on 3p (Figures 3.1 & 3.2). Five tumours were not informative 

at any locus on 3p and one tumour, at any locus on Iq. The breast carcinomas showed 

higher rates of AI, 40% (30/75) and 67% (50/75) on 3p and Iq respectively (Table 3.2). 

All 10 microsatellites amplified consistently for the breast carcinomas, but only 7 

amplified consistently in the phyllodes tumours, owing to the fragmented DNA 

extracted from the paraffin-embedded tissues. When just the 7 markers used for the 

phyllodes tumours were analysed, 27/74 (36%) and 38/73 (52%) of the carcinomas 

showed AI on 3p and Iq respectively.

94



C h a p t e r  T h r e e

Table 3.1: Comparison o f AI in phyllodes tumours and breast carcinomas

MARKER
*

PHYLLODES CARCINOMAS

STROMA

Al/lnformative cases

EPITHELIUM

Al/lnformative cases 

(%)

AU

Informative 

cases (%)

D3S1297 - - 8/59 (14)

D3SI293 1/21 (5) 3/11 (27) 14/57 (25)

D3S1619 1/31 (3) 0/18 (0) 9/51 (18)

D3S1581 - - 11/56 (20)

D3S1300 3/25 (12) 3/21 (14) 10/57 (18)

D1S187 3/39 (8) 5/36 (14) 8/44(18)

SPTAl 1/16 (6) 0/4 (0) 6/33 (18)

D1S416 2/36 (6) 3/30 (10) 13/58 (22)

D1S549 3/24 (13) 2/13 (15) 20/47 (43)

D1S1609 - - 20/51 (39)

♦primers used for markers are as follows:

D3S1297 Forward, TGCACATTAAAGGAACAGGT Reverse,
D3S1293 Forward, ACTCACAGAGCCTTCACA Reverse,
D3S1619 Forward, GTCCTGCAAGACTCATTG Reverse,
D3S1581 Forward, CAGAACTGCCAAACCA Reverse,
D3S1300 Forward, AGCTCACATTCTAGTCAGCCT Reverse,
DIS 187 Forward, AGGTGTGAGCTGTTCTCATA Reverse,
SPTAl Forward, GTACAGGCAAATGTGGAAGA Reverse,
D1S416 Forward, AAGGCGTTGAGTGTTGTGC Reverse,
D1S549 Forward, CAAAGAGGACATGTGTTTGTG Reverse,
DIS 1609 Forward, ATACATTTATATTTGCATCTGTGTG Reverse,

CATAAmGCTGCTTTGGAT
CATGGAAATAGAACAGGGT
TTGCTAGGATGGTTGTTTTC
GGGTAACAGGAGCGAG
GCCAATTCCCCAGATG
GCAAGACAGCTGCCTCATA
TATCTCCCACCCTTGAGATT
AAACCGAACCAATGGGCTA
TACCAGCAATGGGTAGTATGG
TGATTCTAGGTTGGTCACTCG
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Figure 3.1: Map o f Allelic Imbalance on chromosome Iq in Phyllodes Tumours
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Figure 3.2: Map o f Allelic Imbalance on chromosome 3p in Phyllodes Tumours
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3.5 ALLELIC IMBALANCE AFFECTS BOTH THE STROMA AND  

EPITHELIUM OF PHYLLODES TUMOURS

In the phyllodes tumours, AI was not confined to the stroma. Some tumours had AI in 

the stroma only, but others had AI affecting both the epithelium and the stroma, or AI 

only detectable in the epithelium (Figures 3.1 & 3.2). In all cases, these changes were 

consistently detected in repeat PCRs from the same samples. Overall, allelic imbalance 

was slightly more common in the epithelium than in the stroma (Table 3.1). Looking at 

the group as a whole, 5 tumours had changes in both the epithelium and stroma, 8 

tumours had changes only detectable in the stroma and 8, changes in the epithelium 

only. However, due to the small amount of tissue in the epithelial components, many 

more of these failed to amplify markers compared to the stroma. For the 8 cases where 

only the stroma showed AI, in 4 the corresponding epithelium would not amplify and 

thus it was not possible to exclude similar changes in the epithelium. For the remaining 

4 tumours, however, the AI was confined to the stroma with no evidence of AI in the 

epithelium. One of these 4 tumours showed stroma-specific AI at markers on Iq and 

three, imbalance on 3p. In all 8 cases which showed AI in the epithelium only, the 

stroma had also amplified in the PCR; thus these changes were definitely confined to the 

epithelium. Four of these 8 tumours showed epithelium-specific AI on Iq and three, 

imbalance on 3p; one tumour (sample 69) showed AI on both arms. For the tumours 

with AI in both stroma and epithelium, four were entirely concordant (showing 

imbalance of the same allele at the same marker). In one tumour (sample 95), however, a 

complex pattern of AI was seen.
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Figure 3.3: Examples o f allelic imbalance in the stroma and epithelium
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3.6 MICROSATELLITE INSTABILITY IN THE EPITHELIUM

In addition to the AI detected, 3/47 (6%) phyllodes tumours exhibited microsatellite 

instability (MSI) in the epithelium, figure 3.4. No MSI was demonstrated in the 

stroma. Again, these changes were consistently demonstrated in repeat PGR 

reactions. Only 2/78 (2.7%) breast carcinomas showed evidence of microsatellite 

instability.

Figure 3.4: An example of microsatellite instability in the epithelium (marker 
D3S1619 )

stroma

normal

epithelium
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3 J  DELINEATING MINIMAL REGIONS OF ALLELIC IMBALANCE ON Iq 

AND 3p IN PHYLLODES TUMOURS

The overall low frequency of AI in the phyllodes tumours and the failure of some 

samples to amplify in the PCR mean that it was not possible accurately to map regions 

of allelic imbalance and a detailed comparison with the breast carcinomas was difficult. 

Nevertheless, there appeared to be some concordance between the patterns of AI on Iq 

in the two types of lesion (Table 3.1): the highest frequency of AI occurred towards the 

Iq telomere in the stroma and epithelium of the phyllodes tumours and in the breast 

cancers. On 3p, no obvious concordance existed. AI occurred at similar frequencies 

along the 3p chromosome arm in the carcinomas, whereas maximum imbalance was at 

D3S1300 in the stroma of the phyllodes tumours and at D3S1293 in the epithelium 

(Table 3.1). This difference on 3p may reflect the original hypothesis that mapping 

losses and gains would, in theory, be easier in phyllodes tumours than in genetically 

heterogeneous carcinomas. Given the findings in the stromal and epithelial components 

of phyllodes tumours, however, such studies are likely to be problematic.

3,8 THE ASSOCIATION BETWEEN ALLELIC IMBALANCE AND THE 

HISTOLOGICAL VARIABLES

The yj" test was used to look for an association between epithelial and stromal AI in 

phyllodes tumours and the recorded histological parameters. There was no significant 

association between AI in either the epithelium or stroma and the recorded histological 

variables. In particular, there was no association between AI at any marker and epithelial
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hyperplasia or stromal overgrowth. The tumour with LCIS did show allelic imbalance at 

markers on both Iq and 3p, although the tumour with epithelium containing low grade 

DCIS/LCIS showed no allelic imbalance.

3.9 CONCLUSIONS

The general belief regarding phyllodes tumours is that the stroma is the neoplastic 

element. With the use of the laser capture microscope, the stroma and epithelium were 

separated with minimal contamination and studied separately. This study has shown that 

allelic imbalance in the epithelium of phyllodes tumours is as common as in the stroma. 

This suggests that, at least in some phyllodes tumours, both stroma and epithelium are of 

clonal origin and, perhaps, neoplastic. Although contrary to general belief about the 

cellular origins of phyllodes tumours, these conclusions are supported by a previous 

cytogenetic analysis of stroma and epithelium in a small number of phyllodes tumours 

which showed chromosomal abnormalities in both tumour components (Dietrich et al. 

1997).

These data also show that the genetic changes in the stroma and epithelium of 

individual phyllodes tumours are sometimes discordant. Thus, either both parts of the 

tumour have independent clonal origins, or the stroma and epithelium originate from the 

same clone and acquire different mutations during tumour progression. Theoretical 

considerations, namely the low probability of independent mutations in stroma and 

epithelium, and the finding of AI concordance in some phyllodes tumours suggest, but 

do not prove, the latter. The finding of MSI in the epithelium of some phyllodes tumours 

is interesting in this regard and has not been reported before in benign breast disease. All
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examples of MSI in these phyllodes tumours were of the ‘low-level’ type, which is 

believed not usually to be associated with mismatch repair deficiency. Some studies 

have found MSI to accompany early transformation of breast epithelium (Huang et al. 

1999) and it is possible that the MSI which has been detected is an epiphenomenal event 

associated with abnormal cell division of the epithelium in phyllodes tumours.

Allelic loss and cytogenetic rearrangements have been described on 3p in benign 

breast conditions such as papillomas, atypical epithelial hyperplasia and fibroadenoma, 

as well as in phyllodes tumours and breast carcinoma (Pandis et al. 1997) (Dietrich et al. 

1997) (Dietrich et al. 1995). One of the most commonly deleted regions - in benign 

breast tissue as well as carcinoma - is 3pl2-pl4, reportedly including the FHIT gene 

(Matsumoto et al. 1997). D3S1300 maps to an intron in FHIT (Ohta et al. 1996). Losses 

at both 3pl4 and 3p21-p23 have been described in phyllodes tumours using cytogenetic 

methods (Dietrich et al. 1997). In this study, 3p AI at these sites occurred in both the 

epithelium and stroma.

Gain of Iq is a common cytogenetic finding in many cancers. It was of 

particular interest in phyllodes tumours, as in a set of 18 tumours studied by CGH it 

appeared to be a marker of recurrence (Lu et al. 1997). In that study, 38% of tumours 

showed gain of Iq, compared to 30% with AI in this series. This difference may have 

resulted from the selection of fresh frozen tumours for the previous study - which may 

have been derived from larger tumours and therefore be more aggressive - or the 

different techniques, CGH and microsatellites, used to assess gain and loss.

The lack of correlation between the AI findings and histolological observations is 

interesting. It may arise because Iq and 3p changes can occur relatively early in the
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growth of phyllodes tumours or because other loci are involved in phyllodes tumour 

progression. The absence of a correlation between epithelial hyperplasia or atypia and 

epithelial AI is, in retrospect, surprising, but any correlation may be masked by a 

tendency for lesions without such epithelial changes to be more difficult to amplify in 

the PCR. This same tendency may mean that the reported frequencies of AI overestimate 

the true frequencies, especially in the epithelium.

The genetic changes described here in both the epithelium and stroma of 

phyllodes tumours suggest that both are part of the neoplastic process. These unexpected 

findings throw into doubt the classical view that phyllodes tumours are simply stromal 

neoplasms and raise questions about the nature of stromal and epithelial interactions in 

these tumours.
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CHAPTER FOUR

ANALYSIS OF CLONALITY IN PHYT.LODES

TUMOURS
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ANALYSIS OF CLONALITY IN PHYLLODES TUMOURS

4.1 INTRODUCTION

Tumours are considered to be of clonal origin. They arise when a single cell is 

transformed by one or more mutations and this single cell then becomes the ancestor of 

all the cells within the tumour. This simplified view of clonal origins becomes more 

complex when studying tumours that are composed of more than one cell type (so called 

biphasic tumours). In many of these tumours the different components have also been 

shown to be monoclonal despite morphologically appearing different. The epithelial and 

stromal components of carcinosarcomas of breast and uterus (Mayall et al. 1994 ; 

Teixeira et al. 1998) and synovial sarcomas (Birdsall et al. 1999) have been shown to 

have the same clonal origins suggesting that cells can follow different paths of 

differentiation despite arising from the same transformed cell.

The stroma of phyllodes tumours is generally thought to be the neoplastic 

element, in view of the progression to sarcoma in some cases. However in the previous 

chapter it has been shown that allelic imbalance occurs as frequently in the epithelial 

component of phyllodes tumours as it does in the stromal component. The allelic 

imbalance in the epithelial component is sometimes identical to that in the stroma but 

can occur independently of the stroma. Moreover karyotypic abnormalities have been 

found in the epithelial and stromal components of phyllodes tumours (Dietrich et al.

1997). These findings and a case report of lung métastasés from a malignant tumour 

containing both stromal and epithelial components suggest that the clonal origins of 

phyllodes tumours may be more complex than previously thought (Kracht et al. 1998).
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The clonal origins of tumours can be studied by various methods, such as the 

pattern of X chromosome inactivation within tumours or by finding the same mutation in 

key genes in different parts of the tumour (Garcia et al. 1999). A previous study looking 

at the clonal origins of fibroadenomas and phyllodes tumours suggested that the stroma 

was monoclonal in the latter, but polyclonal in the former and that the epithelium was 

polyclonal in both types of lesion. This study used a restriction fragment length 

polymorphism of the X-linked phosphoglycerokinase gene to look at the X inactivation 

pattern within each component of these lesions. However, the tumours were 

microdissected by hand to separate stroma, epithelium and contaminating normal tissue, 

a method which is inevitably far inferior to laser capture microscope-based techniques. 

The study did not moreover assess the surrounding normal tissue to looking for skewing 

of X inactivation or to assess patch size in the breast (Noguchi et al. 1993).

The aim of the experiments in this chapter was to use techniques of high 

sensitivity to determine whether the two components of phyllodes tumours are derived 

from the same cell clone or whether they arise independently. Clonality has been 

assessed using two techniques: the HUMARA method, which uses a polymorphic 

trinucleotide repeat in the human androgen receptor gene on the X chromosome to 

assess X-inactivation patterns; and fluorescent in situ hybridisation (FISH) to detect 

clonal genetic aberrations in tumours.
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4.2 HUMARA ASSAY

The Human Androgen receptor has 2 Hhal and IHpaH sites within 100 base pairs of a 

highly polymorphic (90%) GAG repeat in exon 1. Méthylation of these sites correlates 

with X-activation. After incubating with the méthylation sensitive enzymes, Hhal and 

Hpal, these sites will be cleaved on the ummethylated (active) X chromosome but not on 

the inactive methylated X chromosome. The GAG repeat is then amplified in the PGR 

and a product is produced only from the uncleaved inactive X chromosome.

The assay assumes that X inactivation is random, however some tissues show 

skewing particularly blood and those tissues where there are small numbers of stem cells 

in the tissue at the time of inactivation (implantation). This leads to the concept of patch 

size (Mead et al. 1987). A patch is a group of cells or structures that share a common 

genotype and have same X chromosome inactivation pattern. A polyclonal proliferation 

arising in the centre of a patch will appear monoclonal and only seem polyclonal if 

arising from the margin of a patch. It is therefore important to assess normal tissue for 

skewing. The HUMARA assay also assumes that méthylation is stable during neoplastic 

change and this is known not to be the case. Variable méthylation patterns have been 

shown to occur at the restriction sites in the HUMARA which prevented proper 

enzymatic cleavage in two lung cancer cell lines (Jang and Mao 2000).

If the tissue under investigation has a random pattern of inactivation then 2 

alleles should be seen on genotyping. If the pattern is non-random, because the tissue is 

monoclonal or there is skewing for some other reason only one allele will be seen. In 

reality due to contaminating normal tissue there is often a reduction in one of the peaks 

rather than complete disappearance. The tissue was considered monoclonal if the area
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under one allelic peak in the digest DNA was less than 0.4 x or greater than 2.5 x that of 

the other allele, after correcting for the relative allelic sizes using the undigested control 

DNA.

13 archival paraffin embedded tissue phyllodes tumours were used, samples 83 

and 86-98, all benign, (see appendix 1). For each tumour there was also a block of 

adjacent normal tissue. Five sections (lOpm) were cut from each tumour and stained 

with toluidine blue. Each section was microdissected as previously described, using the 

laser capture microscope (Arcturus Eng.) to remove the epithelium, normal tissue and 

stroma separately.

In this study for each tumour DNA from epithelium, stroma and surrounding 

normal tissue was analysed. For each DNA sample three reactions were prepared; 50ng 

of DNA with 20u Hpall (Pharmacia), 50ng of DNA with 20u Hhal (Pharmacia) and a 

control with 50ng of DNA with no enzyme. Digests were left for 12 hours overnight at 

37°C and reactions were terminated by incubating the mixture at 95°C for 10 minutes. 

The total volume of each reaction was 7ul.

2ul of digest product was then added to the PCR. The trinucleotide repeat within 

the androgen receptor was amplified in the PCR from stroma, epithelium and normal 

tissue using the following primer pair, forward (fam labelled)

5’- CAGAGCGTGCGCGAAGTGAT-3’, and reverse

5 '-GCTTGGGGAGAACCATCCTC-3'. The PCR was optimised for annealing 

temperature (55°C) and Mĝ "̂  concentration (1.5mM). The microsatellites were analysed 

for allelic imbalance using the Genotyper programme (ABI).
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In two of the cases the tissue was homozygous for the trinucleotide repeat within 

the human androgen receptor and thus clonality could not be interpreted. The results for 

the remaining 11 cases are summarised in table 4.1.

What is particularly interesting is that normal tissue from the breast was only 

polyclonal in 5 cases and appeared monoclonal in 5 cases, indicating that the patch size 

in the breast can be large (> 1.5cm^). This finding makes clonality very difficult to 

interpret using this technique in the breast.

In 9 tumours, the stroma appeared monoclonal and in 2, polyclonal. However, in 

5 of the 9 cases where the stroma appeared monoclonal the surrounding normal tissue 

was also apparently monoclonal. In three of these five cases, it was the same allele that 

remained after restriction endonuclease digestion, showing that clonality could not 

reliably be assessed in these tumours using this technique as the tumour may well have 

arisen in a clonal patch. Figure 4.1.

The epithelium was more difficult to amplify due to the small quantities of DNA. 

In 4 cases it was polyclonal, in 1 it was monoclonal (this case also had monoclonal 

appearing normal tissue. Figure 4.1) and 6 cases could not be amplified.
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Table 4.1: Results o f HUMARA assay

Sample Corrected 
Hhal ratio

(digested/
Undigested)

Corrected 
Hpall ratio
(digested/
Undigested)

Clonality*

83 normal 0.6 1.6 Polyclonal
stroma 1.5 0.8 Polyclonal
epithelium Failed 2.1 Polyclonal

86 normal 0.6 0.7 Polyclonal
stroma 1.6 1 Polyclonal
epithelium Failed Failed Failed

87 normal 0.5 0.23 Monoclonal
stroma 0.2 total loss Monoclonal
epithelium 0.6 Failed Polyclonal

88 normal Failed Failed Failed
stroma 2.4 4.4 Monoclonal
epithelium Failed Failed Failed

89 normal 0.8 1.4 Polyclonal
stroma 0.9 0.4 Monoclonal
epithelium Failed Failed Failed

91 normal 0.6 0.6 Polyclonal
stroma 0.4 0.4 Monoclonal
epithelium 1.9 Failed Polyclonal

92 normal 0.3 0.3 Monoclonal
stroma 2.7 1.4 Monoclonal
epithelium Failed Failed Failed

93 normal 3.6 Failed Monoclonal
stroma 1.9 0.4 Monoclonal
epithelium total loss total loss Monoclonal

94 normal 1 1.4 Polyclonal
stroma total loss total loss Monoclonal
epithelium Failed Failed Failed

96 normal 3.8 6.8 Monoclonal
stroma 0.3 0.3 Monoclonal
epithelium 0.7 0.5 Polyclonal

98 normal total loss total loss Monoclonal
stroma total loss total loss Monoclonal
epithelium Failed Failed Failed

* monoclonal if 
the area under one 
allelic peak in the 
digest DNA was 
less than 0.4x or 
greater than 2.5x 
that of the other 
allele, after 
correcting for the 
relative allelic 
areas using 
undigested control 
DNA
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Figure 4,lMonoclonal normal and stroma in case 96.
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Using this technique, it is difficult to know whether those tumours that appear 

polyclonal are indeed polyclonal or whether there has been sub-optimal enzyme 

digestion. The use of two methylation-sensitive restriction endonucleases aimed to help 

with problem and there was generally concordance between the two enzymes except in 4 

cases (cases 87 normal, 89 stroma, 92 stroma and 93 stroma -  table 4.1).

4.3 A SSE SSM E N T  OF C LO N ALITY USING FLU O RESCEN T IN  SITU  

HYBRIDISATION

Paraffin embedded tumours corresponding to the fresh frozen phyllodes tumours 

analysed by CGH by Lu et al were collected and studied; four tumours with known Iq 

gain and two without (Lu et al. 1997). A directly labelled (fluorogreen) Iq telomere 

probe (CP5402-G;Oncor) was used to detect Iq gain. The locus detected by the probe 

was D1S3739, and this position was confirmed on a metaphase spread.

Strong signal was visible in most areas of the tumours and regions were clearly 

definable as epithelial or stromal (Figure 4.2). As 4p,m sections were used the majority 

of cells had one, two or no signal. In the stroma it was obvious that some cells, though 

not the majority (due to the thickness of the sections) had three signals (Figure 4.2). The 

epithelium was more difficult to assess as the cells were more tightly packed together 

compared to the stromal cells. Occasional cells in the epithelium appeared to have three 

signals but these cells were not as frequent as in the stroma and, due to the compact 

nature of the epithelium, could have been due to cells overlying each other (Figure 4.3).
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Figure 4.2: FISH showing 3 copies o f Iq in the stroma (a), and two in the 
epithelium (b).
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Figure 4.3: FISH using a Iq probe, (a): the epithelium in some areas was difficult 
to assess as the cells were tightly packed together compared to the stromal cells, 
(b): occasional cells in the epithelium appeared to have three signals due to cells 
overlying each other

0 %
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For this reason the number of signals in individual cells for both the stroma and 

epithelium was scored, and the %2 test used to look for a difference between the scores 

for the stroma and epithelium in each tumour, table 4.2.

Table 4,2: Results o f FISH in phyllodes tumours known to have gain o f Iq  (control 
tumours-without Iq gain highlighted)

Case 1 No. Spots 0 1 2 3 %3 P value
stroma 12% (n=14) 47% (n=54) 34% (n=39) 7% (o=9) 16.9 P<0.001
epithelium 29% (n=93) 38% (n=122) 30% (n=97) 3% (n=9)

Case 2 No. Spots 0 1 2 3
stroma 42% (n=78) 30% (n=55) 37% (n=39 21% (0=12) 23.4 P<0.0001
epithelium 48% (n=233) 36% (n=176) 15% (n=74) 1% (n=4)

Case 3 No. Spots 0 1 2 3
stroma 39% (n=97) 37% (n=92) 22% (n=56) 2% (n=6) 8.13 P<0.043
epithelium 41% (n=207) 42%  (n=213) 16% (n=82) 1% (0=4 )

Case 4 No. Spots 0 1 2 3
stroma 53% (n=162) 19% (n=57) 24% (n=76) 4% (0=12) 139.8 P<0.0001
epithelium 56% (n=429) 24% (n=183) 18% (n=143) 2% (0=12)

Case 5 No. Spots 0 1 2 3
stroma 52% (n=308) 33% (n=193) 14% (n=84) 1% (0=8) 7.59 P>0.055
epithelium 45% (n=381) 38%  (n=323) 16% (0=138) 1% (0=12)

Case 6 No. Spots 0 1 2 3
stroma 28% (n=129) 46% (n=211) 26% (0=120) 0%  (o=l) 5.4 P>0.067
epithelium 25% (n=176) 42% (n=290) 33% (0=226) 0%  (o=0

In all four cases with known Iq gain there was a significant difference between 

the count in epithelium and stroma, with uniformly higher counts in the latter (case 1 : p 

<0.001, case 2: p <0.0001, case 3: p<0.043, case 4: p<0.0001). These results therefore 

strongly suggest that in those tumours with Iq gain, this change was present only in the 

stromal part of the lesion. In the two control cases, there was no statistical difference in 

the number of cells with 0, 1,2 ,3  signals when comparing epithelium with stroma, and
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in fact there was a non-significant excess of signals (p>0.05) in the epithelium in both 

cases (Table 4.2).

4.4 CONCLUSIONS

Using the HUMARA assay, six phyllodes tumours appeared to be monoclonal in the 

stroma, two were polyclonal and three probably arose with in a single stem cell patch. It 

is impossible to say with this technique whether the two cases with an apparently 

polyclonal stroma were truly polyclonal or whether the data resulted from suboptimal 

enzyme digestion, although two different restriction enzymes were used to reduce 

problems from this source. Only one tumour appeared to have a monoclonal epithelium 

and adjacent normal tissue was also monoclonal, suggesting the tumour arose in a patch. 

Thus, these results using the HUMARA method suggest that phyllodes tumours are of 

stromal origin. The data also suggest that the HUMARA assay is not a reliable technique 

for studying clonality particularly where small amounts of paraffin embedded tissue are 

involved. Specific problems relating to the use of paraffin embedded tissue are the 

possibility of suboptimal enzymatic digestion using small amounts of DNA that cannot 

undergo phenol-chloroform extraction and PCR bias against one allele usually the larger 

one (Mutter and Boynton 1995). Hha I is more reliable than Hpall because of its activity 

with single stranded DNA which will be a normal component of paraffin embedded 

tissue.

Moreover HUMARA is not well suited to tissues such as the breast which appear 

to have a large normal patch size or in which X-inactivation is skewed for other reasons 

(Tsai et al. 1996). HUMARA studies ideally require laser microdissection of frozen
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tumour tissue which is not commonly practical for many lesions for which clonal origin 

is a topic of interest. However, whilst recognising the limitations of the HUMARA 

method, the data demonstrated monoclonal origin significantly more often in the stroma 

than the epithelium (Fisher’s exact test, p= 0.045), suggesting that the former comprises 

the principal part of the growing phyllodes tumour.

Due to the possible potential unreliability of the HUMARA assay, FISH was 

performed on a series of tumours that showed Iq gain by CGH. By using Iq gain to look 

at clonality, it was assumed that it is a reliable early event in the pathogenesis of these 

tumours. Iq gain is one of the commonest chromosomal abnormalities in phyllodes 

tumours and has also been described as the sole abnormality in a case of familial 

fibroadenomas (Ojopi et al. 2001). Iq gain also appears to be a common, early event in 

the development of breast carcinomas (Waldman et al. 2001) (Jones et al. 2001) 

(Tsukamoto et al. 1999) (Pandis et al. 1992) (Hoglund et al. 2002).

Whilst the FISH data indicated that the stroma of phyllodes tumours is clonal, a 

clonal origin for the epithelial component cannot be entirely excluded. It remains 

possible for example, that there was gain of Iq in both the epithelium and the stroma, 

but that there was a higher level of gain in the latter. This is unlikely, as there were no 

stromal cells with four (or more) copies of Iq. Another possible explanation for the 

FISH data is that loss of Iq occurred early in the epithelium and that this loss had been 

swamped in the CGH study by gain in the tumour stroma. Given that about 20% of 

epithelial cells showed two Iq signals, this explanation seems unlikely. Finally the 

possibility that the stroma and epithelium may come from one clone cannot be entirely 

excluded and that Iq gain in the former occurs at or after divergence of the stromal
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clone, which goes on to form the main component of phyllodes tumours (as evidenced 

by the loss of epithelium in some later lesions). Certainly the previous finding of allelic 

imbalance in phyllodes tumour epithelium suggests that this part of the tumour may, at 

least, be oligoclonal.

In summary evidence from HUMARA and FISH presented here indicates that in 

phyllodes tumours the stroma is of clonal origin. The data on the epithelial component of 

these tumours shows that it is either polyclonal or has diverged from the stromal clone 

during tumourigenesis.
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CHAPTER FIVE

THE WNT PATHWAY.

EPITHELIAL-STROMAL INTERACTIONS 

AND MALIGNANT PROGRESSION IN 

PHYLLODES TUMOURS
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THE WNT PATHWAY. EPITHELIAL-STROMAL INTERACTIONS 

AND MALIGNANT PROGRESSION IN PHYLLODES TUMOURS

5.1 INTRODUCTION

Wnts are a large family of secreted protein growth factors. Nineteen Wnt proteins have 

been identified in humans (Miller 2002). They have been shown to have an important 

role in development, governing cell proliferation, migration and polarity, and in adults 

are involved in tissue homeostasis. They have been implicated in stromal-epithelial 

interactions in the breast and in neoplastic and benign breast disease (Huguet et al. 1994) 

(Lejeune et al. 1995). Lejeune et al showed that epithelial Wnt5a expression was ten

fold higher in benign proliferations of the breast, including fibroadenomas, than normal 

breast. In carcinomas, this over-expression was still present but only four-fold higher 

than normal breast. In situ hybridisation localised Wnt5a to the epithelium. Huguet et al 

(Huguet et al. 1994) showed a 10- to 20-fold increase in Wnt2 and Wnt4 expression in 

fibroadenomas compared to normal or malignant breast tissue, with Wnt2 expression 

localised to stromal cells.

In chapter three both the stroma and epithelium of phyllodes tumours were 

shown to contain distinct molecular changes, raising the possibility that both play a part 

in the neoplastic process and that epithelial-stromal interactions may be pivotal in the 

biology of phyllodes tumours. The finding by previous investigators of Wnt over

expression in fibroadenomas in both the epithelium and stroma, suggested that the Wnt 

pathway may be important in epithelial stromal interactions in phyllodes tumours.
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Once secreted, Wnts are bound tightly to the cell surface. Reception and transduction 

of Wnt signals is via two types of cell surface receptors, the frizzled gene family and 

members of the LDL-receptor family. The mechanism of signal transduction through the 

latter is unclear. Wnts can also be modulated extracellularly by the frizzled related 

protein family, Wnt-inhibitory factor-1 (WIF-1), Cerberus and Dickkopf. These factors 

bind either directly to Wnts or to their receptors to antagonise Wnt function. There are 

ten known frizzled receptors in humans and Wnt signals are transduced through them via 

at least three distinct pathways:

1. the canonical Wnt/ P-catenin pathway, activation of which inhibits glycogen 

synthase kinase 3P (GSK3P) resulting in p-catenin stabilisation, translocation to 

the nucleus and activation of target genes (Morin 1999) (Figure 5.1);

2. the Wnt/Ca^^ pathway which through G proteins activation results in a rise in 

intracellular calcium and stimulation of protein kinase C; and

3. the Wnt/polarity pathway which regulates cytoskeletal organisation and is 

important in development.

Several studies suggest that distinct classes of Wnts signal through either the Wnt/p- 

catenin or the Wnt/ Ca^  ̂pathway (Kuhl et al. 2000). The frizzled receptors can also be 

divided into similar functional groups depending on their ability to activate one or other 

of the pathways. However the relationship between specific Wnts and the intracellular 

pathway used is not fixed, suggesting that activity of Wnts in vivo is determined by the
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Figure 5.1: The Wnt-APC- P-catenin Pathway
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set of frizzled receptors present at the cell surface (He et al. 1997).

Mutations or over-expression of a Wnt gene have not been directly linked to a 

particular cancer in humans, but mutations in the intracellular components of the Wnt/ P- 

catenin pathway, particularly APC  and P-catenin, are well described in many different 

types of cancer. Mutations in APC  occur in 80% of sporadic colorectal adenomas and 

carcinomas and familial adenomatous polyposis is caused by germline mutations in 

APC. Most of these mutations result in a truncated protein which has lost the binding 

sites for p-catenin and axin, and the phosphorylation sites for GSK3p, preventing P- 

catenin being degraded (Sieber et al. 2000). Mutations in exon 3 of P-catenin are also 

well described and prevent phosphorylation dependent degradation of P-catenin 

(Samowitz et al. 1999). Mutations in axin have also been described in hepatocellular 

carcinoma (Satoh et al. 2000). The results of these mutations is the stabilisation of P- 

catenin which can then enter the cell nucleus and associate with TCP transcription 

factors, leading to the transcription of target genes such as c-myc, cyclin D l, and 

matrilysin.

In this chapter, epithelial-stromal interactions in phyllodes tumours have been 

examined by investigating the Wnt-p-catenin pathway in 119 tumours. Since stabilised 

nuclear p-catenin expression can readily be detected in paraffin embedded tissues by 

immunohistochemistry, this represents a rational starting point for the analysis of this 

axis. Additionally, the expression of y-catenin protein, which may compete with P- 

catenin (Salomon et al. 1997) has been examined. Wnt mRNA expression was examined 

by in situ hybridisation and tumours were screened for mutations in p-catenin and APC.
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5,2 SAMPLES AND HISTOLOGY

119 phyllodes tumours were used in this study and their histological characteristics are 

presented in the Appendix and are summarised in table 5.1.

Table 5.1: Histological characteristics o f phyllodes tumours

Margins'* Crisp Focally
infiltrative

Widely
infiltrative

36(30%) 36(30%) 33 (28%)

Stromal
Cellularity

Average Increased Very Cellular

60(51%) 36(30%) 23 (19%)

Stromal
Overgrowth

None Slight Marked

23 (20%) 54 (45%) 42 (35%)

Epithelial 
Hyperplasia **

None Slight Marked

1 46(40%) 48 (42%) 20 (18%)

Atypia None Some Marked
Stroma 39 (33%) 57(48%) 23 (19%)
Epithelium** 64 (56%) 40 (35%) 10 (9%)

Mitoses None Difficult to find Easily found Numerous
Stromal 50 (42%)** 27(23%) 35 (29%) 7(6%;
Epithelial*** 64 (56%) 29 (25%) 20(18%) 1 (1%)

*14 tumours had no margins to assess, **tumours with no stromal mitoses had other features o f phyllodes 

tumours, (see Appendix for details), ***5 tumours did not have epithelium to assess

Of interest is that 60% showed some degree of epithelial hyperplasia and in 18% 

of cases, this was marked. Marked epithelial nuclear atypia was present in 10 cases (9%)
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and 7 of these had epithelial hyperplasia. In this series of phyllodes tumours, there were 

eight malignant lesions: five had very little epithelium to assess and in two further cases, 

the study samples looked like pure sarcoma.

5.2 6-CATENIN EXPRESSION IN  PHYLLODES TUMOURS

Immunohistochemistry was carried out as described in Chapter 2. Each section was 

scored blindly in an ordinal categorical fashion by two individuals (AH/ES) for presence 

and intensity of nuclear staining (3-strong, 2-moderate, 1-weak, 0-no staining). The 

labelling index (% of cells with positive staining) was also calculated for the first 50 

cases by examining staining in at least five randomly selected high power fields. The 

labelling index ranges from 23% to 77% (mean 51%). The labelling index correlated 

with intensity of staining, the average labelling index for strong staining being 65%, 

moderate staining 56%, and weak staining 32%. The remaining tumours were not scored 

as positive unless at least 10% of cells were found to have positive nuclear staining.

Eighty-six (72%) of tumours had nuclear P-catenin staining in the stromal 

elements of the tumour (table 5.2) and in sixty-eight (57%), this was moderate or strong. 

In 17 cases (14% of all cases, 25% of cases with moderate or strong nuclear staining) 

this nuclear staining was more prominent in those stromal cells which were adjacent to 

the epithelium (Figure 5.2). This may be due to increased overexpression of nuclear p- 

catenin in these stromal cells or may be due to the fact that the stroma adjacent to the 

epithelium is more cellular, making the staining appear stronger in this area.
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Figure 5.2: ^catenin Immunohistochemistry

A; Strong nuclear P-catenin staining in the stroma
of phyllodes tumour. Epithelial membrane staining 
acts as a positive internal control.

B: Subepithelial plaque-like distribution o f strong
nuclear P-catenin staining in the stroma.
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Of the eight malignant tumours, seven showed absent or weak nuclear staining; thus, P- 

catenin expression was significantly lower in the malignant lesions (p<0.025, Fisher’s 

exact test). No nuclear P-catenin expression was observed in the tumour epithelium or 

tissue with normal morphology.

In the four cases with recurrent disease, the tumour had recurred with similar 

histology in two patients and the p-catenin staining remained unchanged. In the other 

two patients, the recurrent tumours exhibited features known to be associated with more 

aggressive disease, with increasing stromal mitoses and cellularity, and P-catenin 

staining was lost. In one of these cases, the recurrence was sarcomatous and the patient 

died of metastatic disease (primary tumour sample 48, recurrent tumour sample 118, 

table 5.3, figure 5.3).

Table 5.2: P-catenin and cyclin D1 immunohistochemistry results summarised.

Scoring (intensity) 0 1 2 3

P-catenin (stroma) 33 (28%) 18 (15%) 32 (27%) 36 (30%)

Cyclin D1 (stroma) 63 (53%) 34 (28%) 15 (13%) 7 (6%)

Cyclin D1 (epithelium) 19 (17%) 42 (37%) 33 (29%) 20 (17%)
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Figure 5.3: Malignant phyllodes tumours showing loss of nuclear fi-
catenin staining in the recurrence

A; Primary tumour (sample 48) showing moderate p-catenin staining. 
B: Recurrent tumour (sample 118) showing loss o f p-catenin staining

(endothelial P-catenin acts as an internal control, arrow).
C: Recurrent malignant phyllodes tumour.
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5.3 CYCLIN D1 EXPRESSION IN  PHYLLODES TUMOURS 

Following the finding of positive j3-catenin staining in the majority of phyllodes 

tumours, cyclin D1 expression was assessed to see whether there was evidence that this 

was a downstream target of the nuclear p-catenin in these tumours (Shtutman et al.

1999). Once again each section was scored blindly by at least two individuals 

(CG/ES/AH). Weak cyclin D1 expression in breast epithelium is considered normal and 

42 (37%) tumours had this normal staining in the epithelium, table 5.2. Of the 

seventy-two (63%) tumours with abnormal cyclin D1 staining in the epithelium, 17% 

had no staining and 46% had moderate-to-strong staining (Figure 5.4). The stroma of 

normal breast does not usually express cyclin D l; the stroma of 56 (47%) phyllodes 

tumours showed some expression, and this was moderate-to-strong (Figure 5.4) in 22 

cases (19%). There was an association (Table 5.3) between nuclear P-catenin expression 

in the stroma and moderate-to-strong cyclin D l expression in the stroma (%\=4.5, 

p<0.05), suggesting that cyclin D l may be a downstream target of deregulated P-catenin 

in the stroma of phyllodes tumours. There was no association between stromal nuclear 

p-catenin staining and cyclin D l staining in the epithelium, and no association between 

epithelial hyperplasia and epithelial cyclin D l over-expression or under-expression.
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Figure 5.4: Cyclin D l Immunohistochemistry

m Ê &s a

•àÆ ù3È
A: Strong nuclear cyclin Dl staining in the epithelium and 

moderate nuclear staining in the stroma. The epithelium 
in this case shows apocrine change. Apocrine 
metaplasia was noted in six o f the phyllodes tumours, 
two of these cases showed moderate or strong cyclin Dl 
staining in the epithelium, one weak staining and three 
no epithelial cyclin Dl staining.

B: Strong nuclear cyclin Dl staining in the stroma.
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Table 5.3: Association between nuclear ^-catenin expression in the stroma
and moderate-to-strong cyclin D l expression in the stroma

Scoring (intensity) Cyclin D l (stroma) 

0 or 1

Cyclin D l (stroma) 

2 or 3

Total

P-catenin (stroma) 

0 or 1

46 5 51

P-catenin (stroma) 

2 or 3

51 17 68

Total 97 22 119

5,4 y^CATENIN EXPRESSION IN PHYLLODES TUMOURS

y-catenin competes with P-catenin and is also a target of Wnt activation and can bind 

APC and GSK3p (Klymkowsky et al. 1999). Recent reports have shown that although y- 

catenin is regulated in a similar way to p-catenin, it may also have distinct oncogenic 

properties (Kolligs et al. 2000). Thus it was of interest to see whether those tumours 

expressing nuclear P-catenin also expressed nuclear y-catenin or tumours not expressing 

P-catenin expressed y-catenin instead. Of the 46 tumours on which y-catenin 

immunohistochemistry was initially performed, only one tumour showed nuclear 

staining in the stroma and this tumour also showed strong P-catenin staining. Thus, the 

remaining phyllodes tumours were not stained for y-catenin.
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5.5 MUTATION DETECTION

One possible cause of nuclear localisation of P-catenin in the stroma of phyllodes 

tumours is a mutation in ^catenin  itself or in APC. Exon 3 of P-catenin was amplified in 

the PGR using the following primers, sense 5’-ATTTGATGGAGTTGGACATGGC-3’, 

antisense 5’-CCAGCrACrTGTTCl'lGAGTGAAGG-3’. Single-stranded conformational 

polymorphism (SSCP) analysis was performed using the Phast System (Pharmacia, 

Uppsala, Sweden). Direct sequencing, using an ABI sequencer and its standard 

protocols, were performed in forward & reverse orientations on new PGR products from 

those samples which showed a mobility shift or extra banding.

Forty-five of the tumours were analysed for P-catenin mutations. In this set the 

distribution of nuclear staining was as follows: no staining, 7; weak staining, 7; 

moderate staining, 21; and strong staining, 10. No P-catenin mutations were found in 

any of the tumours, suggesting that nuclear accumulation of p-catenin resulted from an 

abnormality upstream in the Wnt-APG-P-catenin pathway.

Loss of heterozygosity (LOH) of the APC  gene, was used as a screen for the 

presence of mutations. APC  mutations are difficult to detect in paraffin embedded 

material due to the large size of the gene and the limited quantity and poor quality of the 

DNA extracted from paraffin embedded material. LOH of D5S346 has been used in 

studies of paraffin-embedded colorectal tissue to infer APC  mutation (Jass et al. 1999) 

and has been shown to correlate with APC  mutations in studies of other tumour types 

such as desmoid tumours (Tejpar et al. 1999).

LOH analysis was performed using a fluorescently labelled polymorphic 

microsatellite marker, D5S346, close to the APC  gene (Spirio et al. 1993). Only one
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phyllodes tumour showed LOH at D5S346 and this tumour had moderate nuclear P- 

catenin staining. Mutation analysis of APC was therefore not undertaken.

5.6 WNT EXPRESSION IN  PHYLLODES TUMOURS

Wnt expression was detected using in situ hybridisation. Wnt2, Wnt4 and Wnt5a were 

studied, as these family members have been shown to be over-expressed in 

fibroadenomas (Huguet et al. 1994 ; Lejeune et al. 1995); Wnt2 is secreted by stromal 

cells in the breast and Wnt5a is secreted by epithelial cells. Thirteen cases were chosen 

to reflect the different P-catenin staining patterns.

The human Wnt2, Wnt4 and Wnt5a probe constructs were a kind gift from 

Professor Adrian Harris, Oxford. Wnt5a was in a TA cloning vector, linearised with 

EcoRV and transcribed using SP6 RNA polymerase. Wnt2 was in BluescriptSK 

subcloned into the EcoRV site and linearized with Bam HI and transcribed using T7. 

Wnt 4 was in pGem 3Z linearised with EcoRl and transcribed using SP6. In situ 

hybridisation was performed on formalin-fixed, paraffin-embedded tissue (including 

control sections) using the protocol previously described. For each probe, two exposures 

were performed at 11 and 19 days. Sections were examined under conventional and 

reflected light dark field conditions (Olympus BH2 with epillumination) without prior 

knowledge of their p-catenin status. P-actin mRNA was detected on a near-serial section 

as a positive control for each phyllodes tumour section.

Wnt4 did not hybridise to any phyllodes tumours or to a control known to express 

Wnt4, suggesting a problem with probe preparation, and the data were discarded. The
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5.4. There was an association between strong nuclear p-catenin staining in the stroma 

and epithelial expression of Wnt5a (p<0.0015, Fisher’s exact test). All tumours showing 

strong nuclear p-catenin staining expressed WntSa and in the 2 cases with the 

subepithelial distribution of P-catenin staining, there were also subepithelial clusters of 

WntSa expression (Figure 5.5). There was a borderline association between strong 

nuclear P-catenin staining and stromal Wnt2 expression (p=0.05, Fisher’s exact test), 

and one case with a subepithelial distribution of P-catenin staining also showed 

subepithelial stromal expression of Wnt2 (Figure 5.6).
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Table 5.4: The results o f Wnt mRNA expression in 13 phyllodes tumours

No. P-catenin
staining

Histology Epithelial
Hyperplasia

Wnt 2
Hybridisation 
(19 days)

WntSa
Hybridisation 
(19 days)

83 Strong
(subepithelial)

Benign Marked None Moderate 
E p ith e lia l & 
Subepithelial

11 Strong
(subepithelial)

Benign Slight Stromal
(subepithelial)

Extensive
Subepithelial

80 Strong Benign Slight Stromal Extensive
Epithelial

88 Strong Benign Slight Stromal (foci) Extensive
Epithelial

48 Moderate Borderline None Stromal None

76 Moderate Benign None None None

77 Moderate Benign Slight None Little/Mode rate 
Epithelial

43 Weak Malignant None None Little/Moderate 
Epithelial & 
Stromal

79 Weak Malignant Marked None Little/Moderate
Epithelial

46 Weak Benign Marked None None

118 None Malignant No
epithelium

None None

72 None Benign None None Little Epithelial

3 None Benign Slight None None

136



C h a p t e r  F i v e

Figure 5.5: Wnt5a mRNA expression in phyllodes tumours

a) Case 88, (i) bright field, (ii) dark field showing epithelial distribution o f Wnt 5a, 
(Hi) ^actin mRNA on a near serial section as a positive control,

b) Case 11, (i) bright field, (ii) dark field showing subepithelial distribution o f Wnt 
5a, (Hi) p-actin mRNA as a positive control
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Figure 5.6: Wnt2 mRNA expression in the stroma of phyllodes tumours

A & C: Bright field.
B cfe D: Corresponding dark field showing stromal Wnt2 expression.
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5.7 Pinl

Pinl is a prolyl isomerase that isomerses phosphorylated serine/threonine-proline 

peptide bonds. It has been shown to be over-expressed in human breast cancers and this 

correlates with tumour grade and cyclin D l levels in breast cancer tissues (Wulf et al. 

2001). Ryo et al showed that Pinl transactivated several (3-catenin target genes and 

over-expression of Pinl correlated with P-catenin over-expression in breast cancer 

tissues. Pinl was also shown to increase the stability of p-catenin in cells by binding 

directly to a phosphorylated serine-proline motif next to the APC binding site in P- 

catenin, inhibiting its interaction with APC and increasing its translocation to the 

nucleus (Ryo et al. 2001). As few mutations of APC or P-catenin have been described in 

breast cancer despite evidence for an important role for P-catenin signalling in breast 

tumourigenesis the authors suggested that Pinl over-expression may contribute to P- 

catenin upregulation in breast cancers.

The previous sections have demonstrated that P-catenin signalling also plays an 

important role in phyllodes tumours and this together with the finding that in the 

epithelial breast cancer line MCF-7, lGF-1 can induce Pinl expression (You et al. 2002) 

made Pinl a potentially interesting gene in phyllodes tumourigenesis. For these reasons 

immunohistochemistry was performed on 30 phyllodes tumours, 4 sections of normal 

breast tissue and as a positive control a grade 3 breast carcinoma, to see if over

expression of Pinl also occurred in phyllodes tumours. 9 phyllodes, (4 malignant) 

tumours showed weak widespread nuclear staining in the stroma. The remaining 

tumours showed no nuclear staining. One case showed weak epithelial nuclear staining, 

the remainder had no epithelial staining. The normal tissue showed scattered weak
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nuclear staining in the stroma and weak epithelial staining. The grade 3 breast carcinoma 

showed widespread nuclear staining. There was no correlation with P-catenin staining in 

the phyllodes tumours. Thus it appears that over-expression of Pinl does not contribute 

to nuclear accumulation of P-catenin in phyllodes tumours.

5.8 CAVEOLIN1 EXPRESSION IN  PHYLLODES TUMOURS 

Caveolins are the principal components of caveolae, which are 50-100nm Cû shaped 

invaginations of the plasma membrane that have been implicated in endocytosis and 

signal transduction. Caveolins bind to and inhibit signalling molecules, including G- 

protein-coupled receptors, receptor tyrosine kinases, components of the Ras-mitogen- 

activated protein kinase pathway, Src family tyrosine kinases, protein kinase C, and 

nitric-oxide synthase (Okamoto et al. 1998). The constitutive activation of these 

signaling molecules can often cause cellular transformation. It has been proposed that 

caveolin-1 may act as a tumour suppressor protein, as the interaction of caveolin-1 with 

signaling molecules leads to their inactivation. The human caveolin-1 gene is localized 

to a suspected tumour suppressor locus (D7S522; 7q31.1), a known fragile site (FRA7G) 

that is deleted in many types of cancer (Engelman et al. 1998) and it has been shown 

that recombinant expression of caveolin-1 in transformed breast cancer cells inhibits 

anchorage independent growth (Engelman et al. 1997). Thus, down-regulation of 

caveolin-1 expression and caveolae organelles may be critical for maintaining the 

transformed phenotype. The first and second exons of caveolin-1 gene are embedded
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with CpG islands and it has been proposed that expression may in part be controlled by 

méthylation (Engelman et al. 1999).

Caveolin-1 is most abundantly expressed in terminally differentiated 

mesenchymal cells. Down-regulation of caveolin-1 has been demonstrated in sarcomas, 

but it is present in benign mesenchymal tumours such as leiomyomas and lipomas 

(Wiechen et al. 2001). It has also been shown to be expressed in the breast 

myoepithelium and surrounding stroma (Hurlstone et al. 1999). For this reason, 

caveolin-1 was assessed in 20 phyllodes tumours, 5 malignant, using 

immunohistochemistry. 12 of 15 benign tumours showed loss of expression within the 

stroma, but expression was present in endothelial cells within the tumours as an internal 

positive control. Of the 5 malignant phyllodes tumours, two showed no expression and 

three showed widespread stromal membrane staining with caveolin-1. The 

myoepithelium in normal breast showed caveolin-1 expression as previously described 

by Hurlstone (Hurlstone et al. 1999) and this was lost from the epithelium within 13 of 

15 of the phyllodes tumours (the five malignant tumours had no or little epithelium to 

assess). These results are in contrast to the paper by Wiechen et al where benign 

mesenchymal tumours, retained caveolin-1 expression, but malignant tumours lost 

expression (no phyllodes tumours were included in this study).

Mutations in the caveolin-1 gene have been found in 15/92 breast cancers at 

codon 132, a conserved amino acid in the hydrophobic membrane spanning domain 

(Hayashi et al. 2001). This region was amplified using the following primers in 18 

phyllodes tum ours, forw ard 5-GCCClC IT 'l  GGCATCCCG-3', reverse 5- 

CCCAACAGCl lCAAAGAGTG-3', but no mutations were found.
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This is an interesting molecule which requires further investigation in these 

tumours. It has been shown that activation of P-catenin signaling by Wnt-1 or by over

expression of P-catenin itself is inhibited by caveolin-1 expression. These results suggest 

that caveolin-1 expression can modulate Wnt signalling by regulating the intracellular 

localization of P-catenin (Galbiati et al. 2000). Thus loss of function of caveolin-1 could 

contribute to the P-catenin over-expression in phyllodes tumours.

5,9 CONCLUSIONS

The results presented here demonstrate that abnormal nuclear P-catenin accumulation is 

common in the stroma of phyllodes tumours. Deregulation of P-catenin has been 

described in many different tumour types including colorectal adenomas (Samowitz et 

al. 1999) melanomas (Rimm et al. 1999) hepatocellular carcinomas (Renard et al. 2000) 

the benign skin tumour, pilomatricoma (Chan et al. 1999) and desmoid tumours (Tejpar 

et al. 1999) another rare stromal tumour. In most of these cases, deregulation is due to 

mutation in either APC  or P-catenin. In phyllodes tumours, this is not the case: not all 

tumours expressed nuclear P-catenin, no mutations were found in p-catenin and only one 

case showed LOH at APC. Breast tumours in general have a low frequency of APC and 

p-catenin mutations (Sorlie et al. 1998) (Schlosshauer PW 2000) despite the fact that 

cyclin D l over-expression is found in approximately 50% of breast carcinomas (Barnes 

and Gillett 1998) and 13-60% express cytoplasmic or nuclear P-catenin (Jonsson et al. 

2000; Lin et al. 2000) suggesting that another mechanism causes deregulation of this 

pathway in the breast.
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This chapter also shows that Wnt over-expression may be contributing to P- 

catenin deregulation in phyllodes tumours. In tumours which showed strong nuclear P- 

catenin staining in the stromal element, there was widespread Wnt5a mRNA over

expression in the epithelium, suggesting that the epithelium may be driving the stromal 

proliferation of these tumours. To a lesser extent, Wnt2 over-expression in the stroma 

may contribute to stromal or epithelial proliferation in an autocrine or paracrine manner. 

It is not possible from this data to conclude whether Wnts are the sole cause of nuclear 

P-catenin expression in these tumours or there are other abnormalities in the pathway. 

Mutations in the other components of the Wnt signalling pathway, such as axin, have 

been described in some cancers (Liu et al. 2000) (Satoh et al. 2000) (Webster et al.

2000). This study was not extended to look at axin 1 and 2, as these are not frequently 

described mutations, and it is unlikely that the nuclear P catenin in these tumours is due 

to a mutation in a tumour suppressor gene as this does not readily fit with the data 

showing nuclear P catenin levels returning to normal once tumours become malignant.

Shimizu et al (Shimizu et al. 1997) showed that Wnt5a did not transform 

mammary epithelial cells (C57MG) or result in an elevation of cytosolic P-catenin in 

these cells. One possible explanation for this is that mammary epithelial cells do not 

display the correct frizzled receptor for Wnt5a to activate the Wnt/p-catenin pathway. 

The results presented here support this theory, as although Wnt5a was secreted by 

epithehal cells in phyllodes tumours, no over-expression of P-catenin was observed in 

epithelial cells, but only stromal cells, suggesting that Wnt5a may act only on the Wnt/p- 

catenin pathway in stromal cells in the breast.
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Progression to malignant phyllodes appears to be associated with autonomous 

division independent of Wnt expression and with a return to normal P-catenin signalling. 

This is particularly well illustrated in the patient with recurrent and ultimately fatal 

disease: her original tumour showed moderate p-catenin staining and on recurrence was 

frankly malignant with no P-catenin (Figure 5.3).

Data from chapter three suggested that the epithelium may also be involved in 

the neoplastic process. In this study, it has been shown not only that in the majority of 

tumours is the epithehum histologically abnormal (60% have epithelial hyperplasia), but 

also that in 46% of cases there is moderate-to-strong over-expression of cyclin D l in the 

epithelium. Cyclin D l is frequently over-expressed in breast cancers and ductal 

carcinoma in situ (Zhu et al. 1998) (Utsumi et al. 2000) but not in benign breast disease, 

including atypical ductal hyperplasia (Gillett et al. 1998)(Umekita and Yoshida 2000) so 

it was unexpected to find such expression in the epithelium of these tumours. P-catenin 

deregulation does not appear to be the cause of the over-expression in the epithelium, as 

no abnormal P-catenin staining was found in the epithelium. Previous observations in 

phyllodes tumours showed that density of stromal mitotic figures correlated with 

proximity to the epithelium (Sawhney et al. 1992) and p53 expression was greatest at 

sites of periepithelial stromal condensation (Millar et al. 1999). This suggests that the 

epithelium may secrete mitogens that cause the stroma to proliferate, and this study 

supports this suggestion.

From the findings presented here, it is possible to postulate the following model 

of phyllodes tumour development. In benign tumours, stromal proliferation is under the 

control of the epithelium. Although the epithelium promotes stromal growth, it also
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limits it in benign tumours, because any excessive stromal growth alters the 

epithelium: stroma ratio. Epithelial growth, sometimes manifest as hyperplasia, may in 

turn be promoted by the stroma. Once the stroma of the tumour acquires specific, as yet 

unknown, mutations and becomes malignant, the stromal proliferation becomes 

autonomous and no longer requires a mitogenic stimulus from the epithelium. As a 

result the stromal compartment grows in excess of the epithelial. Thus, as the stroma 

grows autonomously, the epithelium:stroma ratio is reduced, as is typically seen in 

malignant phyllodes tumours, in which the epithelium may be very hard to find or is 

present only as a single layer of luminal epithelial cells, in contradistinction to the 

hyperplasia seen in many benign phyllodes tumours. At this advanced stage, stromal |3- 

catenin levels have returned to normal in the absence of epithelial Wnt signalling. Even 

if this hypothesis is proved broadly correct, many questions remain, not least, whether 

the initiating event in the development of these tumours occurs in the epithelium or the 

stroma, and what are the nature of the mutations which cause autonomous growth of the 

stroma and its progression to malignancy.
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CHAPTER SIX

IGF OVER-EXPRESSION IS IMPORTANT IN 

THE DEVELOPMENT OF PHYLLODES

TUMOURS
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IGF OVER-EXPRESSION IS IMPORTANT IN THE 

DEVELOPMENT OF PHYLLODES TUMOURS

6.1 INTRODUCTION

In the previous chapter nuclear P-catenin over-expression was shown to be common in 

the stroma of phyllodes tumours. This does not result from mutation of P-catenin but 

probably from over-expression of epithelial WntSa and stromal Wnt2. However not all 

tumours with P-catenin accumulation show Wnt over-expression, suggesting that other 

pathways may be responsible. One possibility is that the insulin-like growth factors 

(IGFs) are involved. IGF-I has been shown to stabilise p-catenin (Playford et al. 2000) 

and in breast carcinomas, both IGF-I and IGF-II are expressed in the stroma (Yee et al. 

1989) (Yee et al. 1988). IGF-II can also cause P-catenin translocation to the nucleus and 

is important in epithelial-mesenchyme transition (Morali et al. 2001).

The IGF system is complex and the biological functions performed by the system 

are determined by the various signalling pathways that are activated and interactions 

among them (Figure 6.1).

In the extracellular space, IGF-I and IGF-II can potentially bind 10 proteins: four 

receptors, (IGF-IR, IGF-IIR, InsR, and the hybrid IGF-IR/InsR receptor), and six IGF 

binding proteins which play an important role in IGF bioavailability. Once bound to 

IGF-IR, InsR, or the hybrid receptor, tyrosine kinase activity is initiated and multiple 

downstream signalling pathways are activated, including PI3K, protein
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Figure 6.1: Schematic representation of the IGF system (from Sachdev et al).
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IGF-I and IGF-II can potentially bind four receptors and 
six IGF binding. Once bound to IGF-IR, InsR, or the hybrid 
receptor, tyrosine kinase activity is initiated and multiple 
downstream signalling pathways are activated. The adapter 
protein 1RS is phosphorylated by the activated receptor and 
serves as a docking protein for other signalling molecules to 
mediate mitogenic and anti-apoptotic effects. Crosstalk occurs 
between IGF signalling and other growth regulatory pathways 
such are ER, [Sachdev, 2001].
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kinase B and mitogen-activated protein kinase pathways which can protect fibroblasts 

from apoptosis and can result in mitogenesis. The adapter protein 1RS is phosphorylated 

by the activated receptor and serves as a docking protein for other signalling molecules 

to mediate mitogenic and anti-apoptotic effects (Sachdev and Yee 2001). The IGF-II 

receptor is a multifunctional enzyme that binds IGF-II and lysosomal enzymes carrying 

mannose 6-phosphate moieties. It does not have tyrosine kinase activity and its 

mechanism for transducing signals is unclear. It is thought to act as a sink for IGF-II and 

regulate the interaction of IGF-II with IGF-IR. There is frequent LOH at the IGF-IIR 

gene locus in breast carcinomas, and it has therefore been suggested to act as a tumour 

suppressor gene (Oates et al. 1998).

Two studies have shown that IGF-I can activate the P-catenin pathway. Playford 

et al showed in colorectal cancer cell line CIO that IGF-I can cause tyrosine 

phosphorylation of P-catenin, which results in the latter’s stabilization. However the 

transcriptional activity of Tcf-4 did not increase after stimulation with IGF-I alone but 

only did so in combination with an inhibitor of glycogen synthase kinase 3P (GSK3P). A 

second study (Desbois-Mouthon et al 2001) showed in a hepatoma cell line that insulin 

and IGF-I alone could activate the p-catenin pathway by activating two different 

downstream pathways. They showed that activation of Akt by insulin and IGF-I could 

inhibit the activity of GSK3P, but for activation of TCF dependent transcription to occur 

in this system, Ras activation by insulin and IGF-I was also required.

The aim of this study was to determine whether or not IGFs were contributing to 

the nuclear P-catenin accumulation in phyllodes tumours.

149



C h a p t e r  S i x

6,2 ASSESSM ENT OF IGF EXPRESSION

The human IGF-I and IGF-II probes were a gift from Richard Poulsom, CRUK. The 

human IGF-I probe was in PGEM3Z vector, linearized using Hindlll and transcribed 

using T7 RNA polymerase, to give a probe of 570 base pairs. IGF-II was in PGEM4Z 

vector, linearized using ECORI and transcribed T7 RNA polymerase, to give a probe of 

340 base pairs. Each probe was transcribed using ^^S-UTP. In situ hybridisation (ISH) 

was performed on formalin-fixed, paraffin-embedded tissue (including control sections) 

using the protocol previously described. For each probe, two exposures were performed 

at 11 and 19 days. Sections were examined under conventional and reflected light dark 

field conditions (Olympus BH2 with epillumination),with out prior knowledge of their 

P-catenin status. Expression within the tumours was scored as negative, weak, moderate 

or strong relative to the surrounding normal tissue stroma which showed weak 

expression of both IGF-I and -H. P-actin mRNA was detected on a near serial section as 

a positive control for each phyllodes tumour section.

Twenty-three phyllodes tumours were chosen to reflect different P-catenin 

staining patterns. Phyllodes tumours showed widespread over-expression of IGF-I and 

IGF-n in the stroma compared to normal breast tissue (Figure 6.2). In the normal tissue 

surrounding the phyllodes tumours a very low level of IGF-I and IGF-II expression 

could be seen in the stroma. No IGF-I or IGF-II expression was seen in the normal or 

tumour epithelium. Five of 23 (22%) tumours showed moderate or strong over

expression of IGF-I in the stroma and in the remaining cases, expression was either 

absent (7/23) or weak (11/23).

150



C h a p t e r  S i x

Figure 6.2: Over-expression o f IGF-I in a phyllodes tumour.
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Widespread over-expression o f IGF-I mRNA in the stroma o f a 
phyllodes tumours (case 83) compared to adjacent normal tissue, 
corresponding light field and C. P actin control.
Over-expression o f IGF-I mRNA within the stroma, decreased 
expression in stroma adjacent to epithelium and no expression in the 
epithelium,
corresponding light field and F. P actin control.
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Moderate or strong IGF-I expression was associated with moderate/strong P-catenin 

staining in the nucleus (Fisher’s exact test, p=0.04, Table 6.1). When the data for both 

phyllodes tumours and fibroadenomas were combined (Tables 6.1 and 8.3) there was a 

stronger correlation between IGF-I and P-catenin expression (p=0.0007, Fishers exact 

test). Malignant phyllodes tumours tended to show lower IGF-I expression (Fisher’s 

exact test, p=0.05. Table 6.1). Nineteen of 23 (83%) tumours showed moderate or strong 

IGF-II expression and this did not correlate with P-catenin staining or the histology of 

the tumours. There was no association between IGF-I and IGF-II expression.

Comparing the IGF data with the Wnt data, there was an association with IGF-I 

expression and Wnt5a expression, (Fisher’s exact test, p=0.02), suggesting that the effect 

of the two growth factors is additive and showing that IGF-I and Wnt signalling are not 

alternative means of increasing nuclear P-catenin expression. There was no statistical 

association between Wnt2 over-expression and IGF-I or IGF-II over-expression, or Wnt 

5a expression and IGF-II.
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Table 6.1: A comparison o f IGF expression and P-catenin expression in phyllodes

Sample Histology Epithelial
Hyperplasia

Wnt 5 a* Wnt2* P-
catenin**

IGF-I IGF-II

123 malignant No epithelium No data No data 2 weak negative
122 malignant none No data No data 2 negative strong
4 3 malignant none weak negative 1 weak strong
118 malignant No epithelium negative negative 0 negative strong
10 malignant No epithelium No data No data 0 negative moderate
4 5 malignant No epithelium No data No data 0 negative negative
2 5 malignant No epithelium No data No data 0 negative negative
4 8 borderline none negative Stromal 2 weak weak
7 9 borderline moderate weak negative 1 weak strong
124 borderline none No data No data No data weak moderate
7 7 benign mild weak negative 3 weak strong
1 1 benign mild moderate stromal 3 strong strong
8 8 benign mild moderate stromal 3 strong strong
76 benign none negative negative 2 strong strong
72 benign none weak negative 0 weak moderate
8 3 benign moderate moderate negative 3 strong strong
8 0 benign mild strong stromal 3 strong strong
7 3 benign mild No data No data 1 weak strong
78 benign mild No data No data 0 negative strong
70 benign none No data No data 3 weak strong
6 9 benign none No data No data 0 negative moderate
7 5 benign none No data No data 2 weak strong
6 7 benign mild No data No data 2 weak strong
♦data from chapter 5 ♦♦3-strong, 2-moderate, 1-weak, 0-no staining

6.3 ASSESSMENT OF IGFIR EXPRESSION

Immunohistochemistry using a monclonal antibody against the IGF-I receptor 

(Neomarkers) was performed to see if there was concomitant up regulation of the IGF-I 

recçptor. This revealed strong staining in both normal and tumour epithelium
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but no evidence of expression in normal stroma or up-regulation in the tumour stroma 

(Figure 6.3).

Figure 6.3: IGF-I receptor localising to the epithelial membrane in a
phyllodes tumour, no expression is observed in the stroma 
(case 76).

iEP-lP
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Whilst these data suggest that the IGFs might be acting on the epithelium, there was no 

association between epithelial hyperplasia and IGF-I or IGF-II expression (Table 6.1), 

and the IGF expression, particularly IGF-I, was largely found in the dense stromal cores 

away from the epithelium (Figure 6.2).

6.4 CONCLUSIONS

These results suggest that IGF-I and IGF-II over-expression are important in the 

pathogenesis of phyllodes tumours. The IGF over-expression is also likely along with 

Wnt over-expression in the stroma and epithelium to be contributing to the nuclear P- 

catenin staining present in the majority of phyllodes tumours. The IGF pathway does not 

appear to be an alternative to the Wnt pathway in phyllodes tumours; the effect of the 

two pathways appears to be additive or complementary and this finding fits with data 

that IGF-I cannot activate transcription factors downstream of P-catenin unless Wnt 

signalling is active. Unlike Wnt5a, IGF expression occurs within the dense stromal cores 

of the tumours and not adjacent to the epithelium. From the data presented here it is 

suggested that IGFs are partly responsible for the p-catenin expression within large 

expanses of stroma, but Wnt5a is largely responsible for the sub-epithelial plaques of 

stromal P-catenin that was observed in the previous chapter. What is particularly 

interesting is that the IGF-I over-expression is associated with nuclear P-catenin staining 

and both are absent or reduced in malignant phyllodes, suggesting that once autonomous 

division in the stroma is initiated this pathway is no longer required. In contrast, 

widespread over-expression of IGF-II expression is present in both benign and
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malignant phyllodes and does not correlate with nuclear p-catenin staining, suggesting 

that it is activating a different pathway.

IGF-I and IGF-II over-expression are well documented in cancers. In breast 

carcinomas, both IGF-I and IGF-II are expressed in the stroma and it is suggested that 

they play a role in maintaining the malignant phenotype of the epithelium which over

expresses the IGF-I receptor (Yee et al. 1988) (Yee et al. 1989). It has also been shown 

that malignant breast epithelial cells can induce expression of IGF-II in the stroma in 

vitro (Singer et al. 1995). This does not appear to be the case in phyllodes tumours, as 

IGF-n expression occurs away from the epithelium in the cores of dense stromal tissue. 

Interestingly, mice over-expressing IGF-I and IGF-E in the breast develop mammary 

tumours, but none appear to develop stromal tumours (Hadsell and Bonnette 2000). IGF- 

II over-expression has been documented in malignant stromal lesions such as 

leiomyosarcomas of the uterus (Vu et al. 1995). In most tissues the IGF-II gene is 

parentally imprinted, with only the paternal allele being expressed. Loss of imprinting 

has been postulated to be a mechanism for IGF-H over-expression in malignant tissue.

There are two receptors for IGFs. IGFIR is a tyrosine kinase receptor and 

mediates IGF-I action and to a lesser extent IGF-E action. Elevated levels have been 

described in malignant breast epithelium suggesting a paracrine role for IGFs in breast 

carcinoma (Baserga 2000). In phyllodes tumours, IGFIR was present in the epithelium 

but only low background levels could be identified in the stroma; thus it is not clear 

whether IGFs are activating stromal growth via this receptor or another receptor. It is 

possible that the IGF expression in the stroma could be activating the IGFIR on the 

epithelial cells, but this seems unlikely as there was no correlation between IGF
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expression and epithelial hyperplasia and the IGF expression located well away from the 

epithelium (Figure 6.2).

In conclusion this chapter shows that IGF-I and IGF-II are important in the 

development of phyllodes tumours and may, along with Wnts, be responsible for the 

deregulation of P-catenin in these tumours. Intriguingly, IGF-I expression is lost in 

malignant phyllodes tumours whilst IGF-II over-expression remains. Further 

investigations are required to assess the cause of IGF over-expression in these tumours 

and to identify the receptor that is being activated by them.
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CHAPTER SEVEN

MALIGNANT PHYLLODES TUMOURS SHOW

STROMAL OVER-EXPRESSION OF C-MYC

AND C-KIT
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MALIGNANT PHYLLODES TUMOURS SHOW STROMAL 

OVER-EXPRESSION OF C-MYC AND C-KIT

7,1 INTRODUCTION

Malignant lesions comprise between 5% and 30% of all phyllodes tumours. In chapter 5, 

it was shown that nuclear P-catenin over-expression is common in the stroma of benign 

phyllodes tumours, but is lost in malignant tumours. The nuclear P-catenin accumulation 

is not the result of mutation but of over-expression of epithelial Wnt5a and stromal 

Wnt2 and stromal IGF-I. Thus it appears that in benign tumours, there is an 

interdependence of stroma and epithelium which maintains sufficient drive to keep 

stromal proliferation going, albeit relatively slowly. However in malignant tumours this 

interdependence appears to be lost, the stromal proliferation becomes autonomous and 

no longer requires a mitogenic stimulus from the epithelium. As a result, the stromal 

compartment grows in excess of the epithelial; this is typical of malignant lesions, the 

epithelium of which may be very hard to find. At this advanced stage, Wnt, IGF-I and P- 

catenin levels appear to return to normal. The aim of this chapter was to try establish 

some of the changes which are associated with progression to malignancy and putative 

independence from P-catenin signalling.

In this chapter two proteins, c-myc and c-kit, which may be important in the 

progression to malignancy in phyllodes tumours, have been studied and comparative 

genomic hybridisation of two sets of recurrent malignant tumours has also been 

performed in order to try and identify gains and losses that are associated with
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progressive malignancy in these tumours. The reasons for studying c-myc in phyllodes 

tumours were two fold. Firstly c-myc is known to be a downstream target of the Wnt 

pathway (He et al. 1998) and although there is a correlation between cyclin D1 

expression and P-catenin expression in the stroma, it is possible that c-myc is also a 

target of this pathway in these tumours. Secondly c-myc may provide an explanation for 

how the stromal proliferation becomes autonomous in malignant tumours. If c-myc 

becomes constitutively activated in malignant phyllodes - either through amplification or 

some other, as yet unidentified, mechanism - this could drive stromal cell proliferation 

and allow P-catenin expression in the stroma to return to normal through autonomy from 

Wnt signalling.

c-kit is a membrane-bound tyrosine kinase receptor and is normally expressed by 

haemopoietic stem cells, mast cells, germ cells and the pacemaker cells of the gut. Kit 

over-expression is documented in a wide variety of cancers, including mast cell 

leukaemia, gastrointestinal stromal tumours (GISTs), seminoma and small cell lung 

carcinoma. Three mechanisms of kit activation have been described in tumours;

1. autocrine/paracrine stimulation of the receptor by its ligand, steel factor;

2. cross activation by other kinases and, or loss of regulatory phosphatase activity;

3. acquisition of activating mutations.

Activation can occur by mutation of several exons (Figure 7.1). These mutations result 

in ligand independent activation of c-kit, autophosphorylation and activation of 

downstream pathways including mitogen activated protein kinase and phosphatidyl 

inositol-3 kinase (Heinrich et al. 2002). Over-expression of c-kit is characteristic of
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gastrointestinal stromal tumours (GISTs) (Rubin et al. 2001) most of which have been 

found to harbour activating mutations of this gene, clustered in exons 9, 11 and 13 

(Andersson et al. 2002) (Allander et al. 2001). A previous report suggested that this 

may also be the case in malignant phyllodes tumours and that further investigation of c- 

kit in these tumours was warranted (Chen et al. 2000).

Figure 7.1: Common sites for mutation in c-kit (from Heinrich et al, JCO, 2002)
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LI C-MYC EXPRESSION IN PHYLLODES TUMOURS

In situ hybridisation (ISH) was performed on 16 phyllodes tumours, (7 malignant, 3 

borderline malignant and 6 benign), using the protocol previously described. A human c- 

myc probe was synthesised from IMAGE CLONE 1925540. The probe was in a 

PT7T3D vector, linearised with Hhal and transcribed using T3 RNA polymerase to 

produce a probe of 720 base pairs. ISH revealed there was c-myc mRNA expression in
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the tumour epithelium. There was also expression in the normal glandular structures in 

the surrounding normal tissue. Stromal expression in tumour and normal could not be 

distinguished from background scintillation.

Immunohistochemistry using a c-myc antibody, (ICRF:clone 9E11), was 

performed on 30 phyllodes tumours, (7 malignant, 3 borderline malignant and 20 

benign), and 4 sections of normal breast, including all those studied by ISH. The 

sections were then scored for the presence and intensity of nuclear staining (c-myc). In 

normal tissue, nuclear c-myc staining was predominantly found in the myoepithelial 

cells and only occasional luminal cells (Figure 7.2). In the phyllodes epithelium, this 

same ‘normal” pattern was seen in most tumours, but in eight cases there was loss of 

myoepithelial staining and widespread luminal staining. These two patterns of epithelial 

expression were also noted in the ISH experiments and the two methods for detecting c- 

myc concurred in the epithelium.

For assessment of the stroma, the antibody was easier to interpret than ISH. In 

the 10 malignant/borderline tumours, 9 showed moderate or strong nuclear expression of 

c-myc in the stroma, compared to 7/20 benign tumours, (p=0.006 Fisher’s exact test), 

table 7.1.
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Table 7.1: c-myc and c-kit protein expression in phyllodes tumours

specimen Histology c-kit
stromal
staining

c-myc
stromal
staining

c-myc
epithelial
staining

123 malignant strong moderate weak**
122 malignant strong strong weak
43 malignant strong weak weak
118 malignant negative moderate weak
10 malignant moderate strong weak
25 malignant negative strong weak
45 malignant negative strong weak
48 borderline strong moderate weak
124 borderline negative moderate moderate
79 borderline negative strong moderate
77 benign moderate strong strong
76 benign negative negative weak
88 benign negative weak moderate
3 benign negative nw weak
83 benign negative weak moderate
46 benign negative nw weak
80 benign negative moderate weak
11 benign negative negative weak
72 benign negative strong strong
66 benign negative weak weak
68 benign negative negative weak
82 benign negative strong moderate
73 benign negative negative moderate
74 benign negative moderate moderate
78 benign negative weak weak
75 benign weak strong weak
70 benign negative moderate weak
69 benign negative negative weak
67 benign weak weak weak
71 benign negative weak weak
*nw = not worked

** weak epithelial staining was present in normal epithelium
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Figure 7.2: c-myc expression in normal breast and within phyllodes tumours

A: Normal breast epithelium showing nuclear c-myc expression in the 
myoepithelial cells and in occasional luminal cells.

B: Widespread c-myc expression in the luminal epithelium o f glands 
contained within a phyllodes tumour (case 77).

a *
C & D: Widespread stromal expression o f c-myc in malignant phyllodes

cases 122 and 123.
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FISH using a biotinylated c-myc probe (Oncor) was used to look for amplification of c- 

myc in all the malignant tumours. In 7/10 malignant tumours strong signal was visible. 

One case showed high level amplification of c-myc, two showed low level amplification 

(gain) of c-myc, (3-4 signals per cell), and the remaining four malignant tumours 

showed no evidence of amplification (Figure 7.3). There was no interpretable correlation 

between gain or amplification of the c-myc gene and the intensity of the c-myc protein 

expression in the stroma (Table 7.2).

Table 7.2: Comparison o f c-myc protein expression and the presence o f gain/
amplification o f the c-myc gene in the stroma o f malignant phyllodes tumours.

Specimen Histology c-myc
HHC

c-myc
FISH

123 malignant moderate Gain
122 malignant strong Gain
43 malignant weak Amplification
118 malignant moderate Normal
10 malignant strong Not worked
25 malignant strong Not worked
45 malignant strong Not worked
48 borderline moderate Normal
124 borderline moderate Normal
79 borderline strong Normal

*IHC-immunohistochemistry
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Figure 7.3: c-myc amplification in the stroma o f phyllodes tumours
A: Low level amplification: 3 copies o f c-myc, (white arrows), in the stroma, case

122.

B: High level amplification o f c-myc, (white arrows), in the stroma, case 43,
epithelial cells have 2 signals, (black arrows).

I .
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73  C-KIT EXPRESSION IN  PHYLLODES TUMOURS

Immunohistochemistry was performed on archival formalin fixed paraffin-embedded 

material from the same 30 phyllodes tumours, (7 malignant, 3 borderline malignant and 

20 benign), using a mouse monoclonal antibody against c-kit (Novocastra). The sections 

were scored for presence and intensity of membrane/ cytoplasmic staining, (3-strong, 2- 

moderate, 1-weak, 0-no staining).

5/10 malignant tumours had moderate or strong stromal expression of c-kit, 

manifest as membrane and cytoplasmic staining, compared to 1/20 benign tumours (p 

=0.008, Fisher’s exact test. Table 7.1, Figure 7.3). Expression was absent in the stroma 

of normal breast. Normal breast epithelium has been shown to express c-kit and in this 

study patchy membrane staining was found in the epithelium both within phyllodes 

tumours and in the surrounding normal tissue.

Exons 8 to 15 and 17 of c-kit were amplified in the PGR. The primers are listed 

in table 7.3. Direct sequencing, using an ABI sequencer and its standard protocols, was 

performed on the PCR products. These exons were chosen for screening as although 

activating mutations of c-kit occur most commonly in exons 9, 11, 13 and 17, mutations 

in other exons particularly in GISTs have been reported (Andersson et al. 2002). In this 

study only one point mutation was found in exon 10, codon 541, resulting in an amino 

acid substitution, (leucine for methionine). This mutation has not been described 

previously and its fimctional significance is unknown. No known activating mutations 

were found.
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Figure 7.4: Stromal expression o f c-kit in malignant phyllodes in cases 123(A) and 
122 (B)

%
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Table 7.3: Primers used for amplification o f c-kit

Exon 8 sense 5 ’-ATGGCCATrTCTGTnTCCT-3’ 
antisense 5'-TGCATTATAAGCAGTGCCAAA-3’

Exon 9a sense 5 ’-AGAGTAAGCCAGGGCnTTG-3’ 
antisense 5 ’-TACATTCAACCGTGCCATTG-3'

Exon 9b sense 5 ’-CCGnTGGAAAGCTAGTGGT-3' 
antisense 5 ’-CAGAGCCTAAACATCCCCTTA-3’

Exon 10 sense 5 ’-TGCCAAAGTTTGTGATTCCA-3' 
antisense 5 ’- GAGCACTCTGGAGAGAGAACAA-3'

Exon 11 sense 5 ’-GGl GA'l CTATITITCCCI7 7 Cl CC-3 \  
antisense 5 ’-TGGAAAGCCCCTGJTTCATA-3'

Exon 12 sense 5'-CAGCACCATCACCACTTACC-3’ 
antisense 5 ’- CGCATGCAGTACCATACAGG-3’

Exon 13 sense 5 ’-TGCTAAAATGCATGTTTCCAAT-3’ 
antisense 5 ’-GACAATAAAAGGCAGCTTGGAC-3’

Exon 14 sense 5'-TCTCACCTTCTTTCTAACCTTTTCTT-3*  
antisense 5 ’-CCCATGAACTGCCTGTCAAC-3’

Exon 15 sense 5'-GCCCTTCTACATGTCCCACT-3' 
antisense 5 ’-AAGTTACTCTTGGTTGCTTGATAGG-3 ’

Exon 17 sense 5 ’-TGAATTTAAATGGTTTTCTTTTCTCC-3  
antisense 5 ’- TGCAGGACTGTCAAGCAGAG-3'

7.4 C O M P AR ATIVE  G ENO M IC H Y B R ID ISA T IO N  OF RE C U R RE N T  

M ALIGNANT TUMOURS

In order to try and identify other genes that may be involved in malignant phyllodes 

tumours, comparative genomic hybridisation was performed on two sets of recurrent 

tumours. The first set have been described in chapter 5, figure 5.3. The primary tumour 

was of borderline malignancy and showed moderate P-catenin staining in the stroma. 

The tumour was excised, but recurred within the breast six months later, at which time it 

was found to be frankly sarcomatous and had lost its P-catenin staining. The patient 

subsequently died of metastatic disease. Comparative genomic hybridisation was
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performed using DNA extracted from paraffin embedded tissue from the primary 

tumour, (sample 48) and the breast recurrence (sample 118). In the second case the 

patient presented with a malignant phyllodes tumour of the breast which was excised 

and 10 years later presented with a lung metastasis which was partially resected. 

Comparative genomic hybridisation was performed using DNA extracted from paraffin 

embedded tissue from the primary tumour, and the lung metastasis, (sample 123).

For the first case, the CGH experiment performed on the recurrent tumour 

worked well, as shown by the confidence intervals on the profile of the average 

fluorescence ratios following analysis of all the metaphases (Figure 7.5). The CGH 

experiment on the primary tumour worked less well and this can be seen when 

comparing the individual profiles for each metaphase. There is a wide range of variation 

from metaphase to metaphase (Figure 7.6) resulting in spurious losses and gains 

particularly at the telomeres and centromeres. There are no true gains or losses. This is 

probably due to the poor quality of the DNA, which is 35 years old. The experiment was 

repeated a number of times to rule out technical factors such as poor quality of the 

metaphases on the slide, and this was the best experiment.

Despite these factors it is possible to identify losses and gains in the recurrent 

tumour that do not appear to be present in the primary tumour. In particular there is loss 

of minimal regions on 9p(band 21), Xq (band 26), and Xp (band 21), and loss of lOp. 

There is also gain of 19, 3p and 2q, this last change was also present in primary tumour. 

Databases were searched for potential tumour suppressor genes in the areas of loss. The 

most obvious candidate genes lie in the small area of loss on 9p21. 9p21 includes the 

INK4A and INK4B loci which encode the p l6  and p l5 , cyclin-dependent kinase
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inhibitors. They have been implicated as tumour suppressor genes in a variety of cancers 

and may be of potential importance in the transformation to malignant phyllodes (Ortega 

et al. 2002).

In the second set of recurrent tumours it was not possible to get adequate images 

to analyse the primary tumour. The lung metastasis showed few changes apart from gain 

of Iq (Figure 7.7).
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Figure 7.5: CGH o f sample 118
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reference (red) DNA.

B: Karyotype of the metaphase spread (colour composite).
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Figure 7.5: CGH o f sample 118 (contd)
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Figure 7,6: CGH o f sample 48
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Figure 7.7: CGH on sample 123
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7.5 CONCLUSIONS

It is well documented that c-myc over-expression is common in breast carcinomas. Most 

studies have used immunohistochemistry and the frequency of protein over-expression 

ranges from 50-100% (Liao and Dickson 2000). However, many of these studies have 

documented cytoplasmic expression rather than nuclear and the biological significance 

of cytoplasmic c-myc is unknown. In some but not all of these cases, this over

expression has resulted from gene amplification: a meta-analysis of the data showed that 

amplification occurred in a mean of 15.5 % of cancers, but the range was 1-94% 

(Deming et al. 2000). Very few studies have used in situ hybridisation to look at c-myc 

mRNA expression; most have used Northern blots or RT-PCR. For this reason, the 

expression of mRNA in normal breast epithelium has not been documented. This study 

has shown that in the epithelium, immunohistochemistry and in situ hybridisation 

correlate well, c-myc expression does occur in the normal epithelium, predominantly in 

the myoepithelial cells with occasional positive luminal cells. As stem cells are also 

found in the same layer as the myoepithelium, it is possible that some of the c-myc 

positive cells are stem cells. However as nearly all the cells in this layer are positive it is 

likely that most are myoepithelial cells. In abnormal epithelium within phyllodes 

tumours, this myoepithelial expression tends to be lost and more luminal cells become 

positive for expression. The techniques of ISH and immunohistochemistry correlated 

less well when looking at stromal expression. Whilst technical problems can not be 

excluded, (high background autoradiography, and less dense cell aggregates making it 

difficult to pick up low level expression), the data suggest that c-myc over-expression in 

the stroma in most cases is due to stabilisation of the protein rather than increased
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mRNA production or gene amplification, c-myc over-expression can lead either to 

apoptosis or cell proliferation, depending on its interaction with growth factors and the 

G1 cyclins. Harrington et al showed that the apoptotic response in cultured fibroblasts 

that over-expressed c-myc could be inhibited by the insulin like growth factors and 

PDGF (Harrington et al. 1994). The previous chapter showed that IGF-I and -II over

expression is common in phyllodes tumours. Widespread stromal IGF-II expression 

occurs in both malignant and benign phyllodes whereas stromal IGF-I expression occurs 

only in benign tumours. It is therefore interesting to hypothesise that in malignant 

phyllodes tumours, it is the combination of widespread IGF-II expression and c-myc 

over-expression that drive the aggressive stromal proliferation that is seen in these 

tumours compared to the benign lesions.

Over-expression of c-kit characterises gastrointestinal stromal tumours (GISTs) 

which, like phyllodes tumours, show a spectrum of behaviour from benign through to 

malignant. Both benign and malignant GISTs express c-kit and, in the majority, 

activating mutations of c-kit are found (Andersson et al. 2002). A previous report 

looked at c-kit expression in malignant phyllodes and concurred with the findings 

presented here that expression is limited to malignant tumours (Chen et al. 2000). 

However Chen et al also found two tumours with point mutations in exon 11 of c-kit. In 

the present study exons 8 to 15 and 17 have been screened for mutations in the 

sarcomatous tumours and only one, of unknown functional significance, has been found. 

Not all of the malignant tumours expressed c-kit, but the two tumours which went onto 

metastasise did over-express c-kit, suggesting that it may be a marker of poor prognosis. 

There is currently considerable interest in c-kit owing to the newly developed
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phenylaminopyrimidine derivative, ST1571 (Glivec; Novartis), which inhibits tyrosine 

kinase receptors including c-kit and has been used to successfully treat GISTs (Heinrich 

et al. 2002). Like GISTs, metastatic phyllodes tumours are difficult to treat as they 

respond poorly to radiotherapy or chemotherapy. ST1571 used alone has produced 

responses in GISTs, however it is most active in those tumours which show activating 

mutations. The situation in phyllodes tumours may be similar to that in small cell lung 

cancer where over-expression is common but mutations rare. In vitro efficacy of ST 1571 

has been shown in small cell lung cancer, however monotherapy is unlikely to be 

successful in vivo as the carcinomas cells will use other growth factor pathways to 

sustain their growth (Heinrich et al. 2002). In small cell lung cancer, trials are planned to 

use ST1571 or similar compounds in combination with chemotherapy and this approach 

may also be appropriate in metastatic phyllodes tumours.

Comparative genomic hybridisation was not particularly successful due to the 

difficulties of performing this technique on paraffin embedded material. The finding of 

9p21 loss in one malignant tumour is interesting but further tumours need to be studied, 

ideally using fresh frozen tissue, in order to see if this is a consistent change. If it is, then 

tumours should be screened for deletions, mutations and loss of expression in pI6 and 

pl5.

In conclusion, the expression of c-myc in normal breast tissue has been 

documented and the data presented here shows that over-expression of both c-myc and 

c-kit occurs in the stroma of phyllodes tumours predominantly those of a sarcomatous 

type. The exact mechanism of this over-expression is unknown. C-myc over-expression 

does appear to be due to amplification in some cases. However c-kit over-expression
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does not appear to be due to mutation. One can hypothesise that the over-expression of 

both c-myc and IGF-II may be required to drive stromal proliferation in malignant 

tumours, and the finding of c-kit expression in malignant tumours may lead to new types 

of therapy being used in these tumours.
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CHAPTER EIGHT

A COMPARISON OF PHYLLODES TUMOURS 

AND FIBROADENOMAS
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A COMPARISON OF PHYLLODES TUMOURS AND 

FIBROADENOMAS

8 J  INTRODUCTION

Fibroadenomas are the most common benign breast lesion and usually occur in young 

women. Microscopically there is proliferation of both epithelial and stromal elements 

and they can show either a pericanalicular or intracanalicular pattern of growth, in 

contrast to phyllodes tumours, which tend to have an intracanalicular pattern. A suite of 

histological criteria differentiate phyllodes tumours from fibroadenomas with most 

differences residing in the former’s stroma which shows relative overgrowth, increased 

cellularity and a tendency toward condensation of stromal cells in the region of the 

epithelium.

Fibroadenomas and phyllodes tumour are similar lesions and initially it was 

thought that phyllodes tumours arose in pre-existing fibroadenomas (Lee and Pack 

1931). Many series do describe phyllodes tumours occurring in fibroadenomas; in 

Treves and Sunderland’s series 21 out of 41 phyllodes tumours were interpreted as 

arising in old fibroadenomas and in 6 cases fibroadenomas occurred separately; Raj an 

found that in his series of phyllodes tumours in young women, 5 had associated 

fibroadenomas (Rajan et al. 1998); and Pietruszka & Barnes noted that 6/39 arose in the 

remnants of fibroadenomas (Pietruszka and Bames 1978).
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The previous chapters have shown the importance of the Wnt-P-catenin pathway 

and insulin-like growth factors in phyllodes tumours , and the aim of this chapter was to 

see if over-expression of P-catenin and IGFs also occurred in fibroadenomas.

8.2 P-CATENIN EXPRESSION IN  FIBROADENOMAS

Immunohistochemistry was performed on 30 fibroadenomas using the method described 

in chapter 2 and 5. All 30 fibroadenomas showed some degree of nuclear P-catenin 

staining in the stroma. This expression was weak in 33% (10/30) of cases, moderate in 

27% (8/30) and strong in 40% (12/30), Figure 8.1. In four tumours, the nuclear staining 

was more prominent in the stromal cells which were adjacent to the epithelium. P- 

catenin expression was assessed in normal breast tissue and occasional stromal cells 

adjacent to the glandular epithelium did show nuclear P-catenin. The epithelium within 

the fibroadenoma expressed membranous P-catenin as expected.

Table 8.1: A comparison o f P-catenin staining in the stroma o f phyllodes tumours and 
fibroadenomas

Scoring (intensity)* 0 1 2 3
P -ca ten in  (strom a)  
phyllodes

(28%) 18(15%) 32(27%) 36(30%)

P-catenin (stroma) 
Fibroadenomas

0 10(33%) 8(27%) 12 (40%)

* 3-strong, 2-moderate, 1-weak, 0-no staining
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Figure 8.1: Strong nuclear P-catenin expression in the stroma o f a
fibroadenoma (case 34)
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8.3 CYCTJN D l EXPRESSION IN  FIBROADENOMAS

29 fibroadenomas were analysed for cyclin D l expression in the stroma and epithelium 

as described in chapters 2 and 5. The results are shown in table 8.2.

Table 8.2: A comparison o f cyclin D l staining in the stroma and epithelium o f
phyllodes tumours and fibroadenomas

Scoring (intensity)^ 0 1 2 3
Cyclin D l (stroma) 
phyllodes

63 (53%) 34 (28%) 15(13%) 7(6%)

Cyclin D l (stroma) 
Fibroadenomas

22 (76%) 3 (10%) 2(7%) 2(7%)

Cyclin D l (epithelium) 
phyllodes

19(17%) 42 (37%) 33 (29%) 20(17%)

Cyclin D l (epithelium) 
Fibroadenomas

3 (10%) 20(69%) 4 (14%) 2 (7%)

* 3-strong, 2-moderate, 1-weak, 0-no staining

Only 24% of fibroadenomas showed expression of cyclin D l in the stroma, in 

comparison to 47% of phyllodes tumours. In contrast to phyllodes tumours there was no 

correlation between cyclin D l expression and P-catenin expression suggesting in 

fibroadenomas that cyclin D l is not a target of p-catenin. In the epithelium, cyclin D l 

over-expression was present in 21% of tumours and in phyllodes tumours, in 46% of 

tumours (mild expression of cyclin D l is normal in the epithelium).

8.4 IGF EXPRESSION IN  FIBROADENOMAS

Sixteen tumours were selected for analysis of IGF-I and IGF-II. There was no strong 

over-expression of IGF-I; moderate expression was present in the stroma of 7/16 cases.
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and correlated with moderate/strong P-catenin staining in the nucleus (Fisher’s exact 

test, p=0.03, Table 8.3). Strong or moderate IGF-II expression was present in 12/16 

cases and was not associated with moderate/strong P-catenin staining. There was no IGF 

expression in the epithelium (Figure 8.2).

Table 8.3: Comparison o f  IGF expression and P-catenin expression in
fibroadenomas

Sample P-catenin IGF-I IGF-II
24 1 Weak Strong
25 1 Weak Negative
26 1 Weak Negative
27 1 Weak Weak
28 1 Weak Moderate
29 2 Moderate Moderate
30 2 Moderate Weak
31 2 Moderate Strong
32 2 Weak Moderate
33 3 Weak Moderate
34 3 Moderate Moderate
35 3 Moderate Strong
36 3 Moderate strong
37 3 Moderate strong
38 3 Weak strong
39 3 Weak strong

*3-strong, 2-moderate, 1-weak, 0-no staining
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Figure 8.2: IGF-II expression in a fibroadenoma (case 34)

'- m - i

A: Widespread IGF-II expression in the stroma,
B: ^  actin control, and C: corresponding light field in case 34
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8.5 ASSESSM ENT OF IGFIR EXPRESSION

Immunohistochemistry using a monoclonal antibody against the IGF-I receptor 

(Neomarkers) was performed in 30 fibroadenomas to see if there was concomitant up 

regulation of the IGF-I receptor. As in phyllodes tumours this revealed strong staining in 

both normal epithelium and the epithelial component of the fibroadenomas, but no 

evidence of expression in the stroma.

8.6 C-MYC AND C-KIT EXPRESSION IN  FIBROADENOMAS

Immunohistochemistry using a monoclonal antibodies against c-myc and c-kit was 

performed in 30 fibroadenomas as described in chapter 7. The fibroadenomas showed a 

similar distribution of c-myc staining to the phyllodes tumours, although a greater 

proportion of phyllodes tumours showed strong staining, reflecting the malignant 

tumours included in the series. Table 8.4. The epithelium within the fibroadenomas and 

in surrounding normal tissue showed nuclear c-myc staining in the myoepithelial cells 

and only occasional luminal cells. In 4 cases, there was loss of nuclear staining of the 

myoepithelial cells within the fibroadenomas and widespread luminal staining was 

present. A similar pattern was seen in eight out of the 30 phyllodes tumours stained for 

c-myc.

Slightly more phyllodes tumours showed moderate or strong expression of c-kit 

in the stroma than fibroadenomas, 20% versus 13%, and once again this reflected the 

strong c-kit staining that was seen in the malignant tumours. There was patchy 

membrane staining of c-kit in the epithelium both within fibroadenomas and in the
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surrounding normal tissue. There was no association between P-catenin expression and 

c-myc and c-kit expression in the stroma of fibroadenomas.

Table 8.4: A comparison o f c-myc and c-kit staining in the stroma o f phyllodes
tumours and fibroadenomas

Scoring (intensity)* 0 1 2 3
c-myc (stroma) 
phyllodes

5(18%) 7(25%) 7(25%) 9 (32%)

c-myc( stroma) 
fibroadenomas

3 (10%) 17(57%) 3 (10%)

c-kit (stroma) 
phyllodes

22 (73%) 2 (7%) 2(7% ; 4 (13%)

c-kit (stroma) 
fibroadenomas

17(59%) 8(28%) 3 (10%) 1 (3%)

8.7 CONCLUSIONS

The relationship between fibroadenomas and phyllodes tumours has long been debated. 

When phyllodes tumours were first described it was thought that they always arose from 

fibroadenomas. This is generally not held to be the case but a certain proportion of 

phyllodes do appear to be associated with the remnants of fibroadenomas and some 

fibroadenomas with complex histology are difficult to distinguish from phyllodes 

tumours. The presence of nuclear P-catenin in all of the fibroadenomas and in the 

majority of benign phyllodes tumours suggest that they are, from the molecular 

pathology point of view similar lesions. This is further supported by the finding of 

widespread over-expression of IGF-I and IGF-II in both fibroadenomas and phyllodes
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tumours. In contrast to phyllodes tumours both IGF-I and IGF-II correlated with nuclear 

P-catenin staining in fibroadenomas whereas only IGF-I was found to be associated with 

P-catenin in phyllodes tumours.

What is of particular interest is that only 8 out of all the 39 fibroépithélial lesion 

studied showed weak or negative staining for IGF-II. Striking widespread expression 

was present in fibroadenomas, benign phyllodes tumours and malignant phyllodes 

tumours, suggesting that over-expression of IGF-II is essential for the growth of these 

lesions. In contrast 69% (27/39) of the fibroépithélial lesion studied showed weak or 

negative staining for IGF-I including all ten of the malignant tumours studied.

Cyclin D l immunohistochemistry did highlight some differences between 

fibroadenomas and phyllodes tumours. It appears from this limited study of 

fibroadenomas that cyclin D l is not a target of P-catenin in fibroadenoma raising the 

possibility that the spectrum of target genes activated by P-catenin is different in the two 

types of lesions. There was a much higher frequency of abnormal cyclin D l expression 

in the phyllodes tumours compared to the fibroadenomas, confirming suspicions that the 

epithelium is important in phyllodes tumours. One possible theory is that the difference 

between fibroadenomas and phyllodes tumours is that in phyllodes tumours the 

epithelium has acquired mutations which influence stromal growth.

The c-myc and c-kit patterns of expression appeared to be similar in both 

phyllodes tumours and fibroadenomas, c-myc expression is common in the stroma of 

both lesions, 82% of phyllodes tumours and 90% of fibroadenomas showed some degree 

of expression, although there was less strong staining in the fibroadenomas, and in the 

phyllodes tumours this strong staining was associated with the malignant tumours. This
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suggests that c-myc plays an important role in both fibroadenomas and benign phyllodes 

tumours, but in malignant tumours this deregulation of c-myc seems more exaggerated. 

As regards c-kit over-expression the majority of benign phyllodes tumours and 

fibroadenomas do not show expression. In phyllodes tumours all moderate or strong 

staining was confined to malignant tumours with the exception of one case. The small 

group of fibroadenomas that showed moderate or strong c-kit staining histologically 

appeared to be conventional fibroadenomas.

These findings suggest that further investigation is required in order to determine 

the underlying cause of IGF over-expression in these fibroépithélial lesions, particularly 

of IGF-II, and suggest that fibroadenomas and phyllodes tumours are part of the same 

biological continuum.

190



C h a p t e r  N i n e

CHAPTER NINE

Ki-67. d 53 a n d  MDM2 EXPRESSION IN 

PHYLLODES TUMOURS
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Ki-67, p53 AND MDM2 EXPRESSION IN PHYLLODES 

TUMOURS

9.1 INTRODUCTION

In this chapter the results of ki-67, p53 and MDM2 immunohistochemistry results are 

described.

9.2 KU67

Ki-67 is expressed in late G l, S, 02  and M phases of the cell cycle. The expression of 

this cell proliferation-associated antigen in phyllodes tumours has been investigated by 

several groups in order to estimate its usefulness in assessing the grade of malignancy 

and in predicting the clinical behaviour of these tumours, and also to help in the 

discrimination between phyllodes tumours and fibroadenomas. The data indicated that 

there were statistically significant differences in Ki-67 indices between histologically 

benign, borderline and malignant phyllodes tumours, and between benign phyllodes 

tumour and fibroadenoma (Kocova et al. 1998) (Umekita and Yoshida 1999 ) see 

Chapter 1, section 1.4.1.

In this study, immunohistochemistry was performed on a subset of phyllodes 

tumours to see if there was any correlation between proliferation and P-catenin 

expression. There was no such association, but what was remarkable and has also been 

confirmed by the other studies, was the low percentage of positive cells in these 

tumours, particularly the malignant tumours. A stromal Ki-67 index was calculated (the 

percentage of cells with positively stained nuclei among the tumour stromal cells
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counted in 10 high power fields) and the results are displayed in table 9.1. Of the 53 

tumours assessed 6 were malignant and 4 of these had a proliferative index of 3-7%, the 

remaining 2 showed low levels of Ki-67 staining in the stroma. As expected the benign 

tumours showed lower levels of Ki-67 staining, apart from five benign samples which 

had higher proliferation indexes (range 6-13%). A grade 3 breast cancer was used as 

positive control and this had a proliferative index of 36%.

Looking at previous studies of Ki-67 expression in sarcomas, a high proliferative 

index is considered to be one over 20% (Antonescu et al. 2000) (Hoos et al. 2001). A 

study of desmoids, low grade fibrosarcomas and high grade fibrosarcomas showed that 

0%, 32% and 86% respectively had a high proliferative index (Hoos et al. 2001). This is 

interesting, as none of the malignant phyllodes tumours showed such a high level of 

proliferation, including the tumour that went on to metastasise, suggesting that there is a 

difference in their biology from conventional sarcomas.
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Table 9.1: Ki 67 expression in phyllodes tumours

SPECIMEN Histology Ki 67 index

1 Benign 0

2 Benign 0.3

4 Benign 0.5

5 Benign 0

6 Benign 0

7 Benign 0

8 Benign 0

9 Benign 0

11 Benign 12

15 Benign 0.3

16 Benign 0.3

17 Benign 0.5

19 Benign 0.2

20 Benign 0.3

23 Benign 0.2

31 Benign 0

66 Benign 0

67 Benign 0.2

68 Benign 6

69 Benign 0

70 Benign 0

71 Benign 0

72 Benign 0

73 Benign 0.5

74 Benign 0.2

75 Benign 0.1

76 Benign 0.1

77 Benign 0

78 Benign 0.5

80 Benign 13

81 Benign 0.6

82 Benign 0.3

83 Benign 0.6

SPECIMEN Histology Ki 67 index

84 Benign 0.3

85 Benign 0.3

86 Benign 0.7

87 Benign 0.2

88 Benign 12

89 Benign 0.3

90 Benign 0.2

91 Benign 0.7

92 Benign 0.5

93 Benign 0.5

94 Benign 0.6

95 Benign 0.2

96 Benign 13

97 Benign 0.4

48 Borderline 0.3

79 Malignant 3

25 Malignant 7

10 Malignant 0.2

43 Malignant 3

118 Malignant 7
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9.3 P53 AND MDM2 EXPRESSION IN  PHYLLODES TUMOURS

Abnormalities of the p53 tumour suppressor pathway contribute to the development of 

most human cancers. p53 is a nuclear phosphoprotein that functions as a DNA damage- 

inducible, sequence-specific transcription factor. In the absence of genetic damage, p53 

transcriptional activity is inert and it is activated through signalling pathways that induce 

phosphorylation of the p53 protein in response to stress. Depending on the conditions of 

cell growth, the type and duration of stress or DNA damage, p53 selectively activates a 

different subset of target genes which can cause either apoptosis, growth arrest, altered 

DNA repair, or altered differentiation. The MDM2 gene is a cellular proto-oncogene that 

is amplified in approximately 7% of human cancers, particularly soft-tissue sarcomas. 

Over-expression of MDM2 protein can also occur by increased transcription or 

enhanced translation. MDM2 protein regulates the activity of p53 protein by blocking its 

transcriptional activity, exporting of p53 protein into the cytoplasm, and/or promoting 

the degradation of the p53 protein (Alarcon-Vargas and Ronai 2002).

Immunohistochemistry was performed on 32 phyllodes tumours using antibodies 

against MDM2 and p53 (for details see table 2.1), including one malignant tumour. The 

extent and intensity of nuclear staining were scored, based on the following four-point 

scale from 0-3: a score of 0 indicated no staining; 1 indicated < 10% of nuclei with 

positive staining; 2 indicated 10-30% of nuclei stained; and 3 was > 30% of nuclei 

positive. Intensity was scored as 0 - no staining, I - weak staining, 2 - moderate staining, 

and 3 - strong staining. A sample was defined as positive when at least 10% of the cells 

demonstrated staining of at least moderate to strong intensity (Antonescu et al. 2000).

195



C h a p t e r  N i n e

The results are summarised in table 9.2. Only one tumour (the malignant tumour) 

showed positive p53 staining. No benign tumours showed p53 staining. In contrast, 

12/32 tumours showed over-expression of MDM2, including the malignant tumour, 

suggesting that although abnormal accumulation of p53 in benign phyllodes tumours is 

not common, the p53 pathway may be being inhibited in some benign tumours by over

expression of MDM2. It is interesting to note that the one malignant tumour in the series 

showed over-expression of both p53 and MDM2, and coexpression of p53 and MDM2 

results in a worse prognosis than either event alone in soft tissue sarcomas (Wurl et al. 

1998).

196



C h a p t e r  N i n e

Table 9.2: Over-expression ofp53 and MDM2 in phyllodes tumours

Sample p53 MDM2
66 negative positive
67 negative negative
68 negative negative
69 negative negative
70 negative positive
71 negative positive
72 negative negative
73 negative negative
74 negative positive
75 negative negative
76 negative negative
77 negative negative
78 negative negative
79 positive positive
80 negative negative
81 negative positive
82 negative negative
83 negative positive
84 negative positive
85 negative negative
86 negative negative
87 negative negative
88 negative positive
89 negative negative
90 negative positive
91 negative negative
92 negative positive
93 negative negative
94 negative negative
95 negative negative
96 negative negative
97 negative positive
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Figure 9.1: p53 and MDM2 expression in a malignant phyllodes tumour

A: p53 expression in the stroma o f  a malignant phyllodes
tumour (case 79).

B: MDM2 expression in the stroma o f  a malignant phyllodes
tumour (case 79).
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GENERAL DISCUSSION AND CONCLUSIONS

Phyllodes tumours account for 1% of all breast neoplasms and 2.5% of all breast 

fibroépithélial lesions. Like fibroadenomas, they are composed of stromal and epithelial 

elements, but what distinguishes them from fibroadenomas is their stromal overgrowth. 

Most phyllodes tumours are benign, but they do show a spectrum of behaviour from 

benign through to malignant. It is generally the stromal component that becomes 

malignant and can metastasise, resembling sarcoma. In view of this, the stroma of 

phyllodes tumours is generally thought to be the neoplastic element, although the 

epithelium can also become malignant -  hyperplasia is common and ductal and lobular 

carcinoma in situ have been described as well as invasive carcinoma.

For this project 124 archival phyllodes tumours have been collected, of which 10 

are malignant (sarcomatous). The type of work undertaken has been limited as only 

paraffin embedded material is available. Despite this important advances have been 

made in understanding the biology of phyllodes tumours.

The general belief regarding phyllodes tumours until now has been that the 

stroma is the neoplastic element and the epithelium within the tumours is entirely 

innocent and has either been caught up in the neoplastic stromal proliferation, or has 

shown some proliferation driven by stromally derived growth factors. By 

microdissecting the epithelium from the stroma using a laser capture microscope and 

assessing microsatellite markers for loss of heterozygosity in each component of the 

phyllodes tumour, both the stroma and epithelium have been shown to contain distinct 

molecular changes suggesting that both could contribute to the neoplastic process, at
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least in the early stages. Although contrary to general belief about the cellular origins of 

phyllodes tumours, these conclusions are supported by a previous cytogenetic analysis 

of stroma and epithelium in a phyllodes tumours which showed chromosomal 

abnormalities in both tumour components, (Dietrich et al. 1997). However, no 

association between the molecular changes in the stroma and epithelium was found in 

this study.

These findings suggested that the epithelium and stroma in these tumours might 

be derived from the same neoplastic clone. Initially clonality in the stroma and 

epithelium was assessed using a technique that took advantage of the silencing of one of 

the X-chromosomes by méthylation in females. Using this technique, the majority of 

tumours appeared to have a monoclonal stroma and polyclonal epithelium. However, it 

also became clear that in normal breast the patch size can be large (> 1.5cm^) and this 

finding made clonality very difficult to interpret using this technique. Therefore other 

ways to investigate clonality in these tumours had to be found. One potential way was to 

use fluorescent in situ hybridisation (FISH) in tumours where gains and losses had 

already been documented. Lu et al had previously performed comparative genomic 

hybridisation on a set of phyllodes tumours (not microdissected) and kindly provided 

tumours that were known to have gain of Iq. Using a Iq probe the amount of signal in 

the epithelial component of these tumours was compared with the stromal component 

and consistently there was a significant difference in the number of cells with one, two 

and three signals in the stromal component (more cells with two or three signals) 

compared with the epithelial, suggesting that at the stage that Iq gain occurs, the 

epithelium and stroma are arising from different clones.
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The finding of loss of heterozygosity in the epithelium and the conclusion from 

the clonality study may seem at odds with each other. However a similar situation has 

also been described in breast carcinomas where the surrounding stroma has been found 

to harbour genetic changes some of which are similar to those in the adjacent carcinoma 

and some which are not, (Kurose et al. 2001). These findings suggest that the interplay 

between stroma and epithelium in the breast is complex and important in the 

development of both stromal and epithelial malignancies.

In order to study epithelial-stromal interactions further in phyllodes tumours, the 

Wnt pathway was analysed. Wnts have been implicated in stromal-epithelial interactions 

in the breast previously and Wnt over-expression has been shown to occur in 

fibroadenomas in both the stroma and epithelium, (Huguet et at. 1994), (Lejeune et at. 

1995). The work undertaken in this project has shown that the Wnt pathway is also 

important in phyllodes tumours. 72% of tumours expressed nuclear p-catenin in the 

stromal component and cyclin D1 expression correlated with this nuclear stromal p- 

catenin staining, suggesting that cyclin D1 is one of the downstream targets of P-catenin 

in these tumours. The data also suggested that stromal proliferation in benign phyllodes 

tumours relies on abnormalities in the Wnt pathway which result not from mutation in P- 

catenin or APC, but from Wnt5a expression in the epithelium. However in malignant 

phyllodes this did not appear to be the case. The malignant tumours often contain very 

little epithelium and showed absent or weak nuclear P-catenin staining suggesting that in 

the progression to malignancy, the stromal proliferation became independent of the Wnt 

pathway and, presumably, of the epithelial component of these tumours. A set of 30 

fibroadenoma were also studied and nuclear P-catenin was present in the stroma of all
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the fibroadenomas suggesting that fibroadenomas and phyllodes tumours are, from the 

molecular pathology point of view, similar lesions.

Not all tumours with P-catenin accumulation showed over-expression of Wnt, 

suggesting that other pathways may be involved. The insulin-like growth factors (IGFs) 

were studied as, IGF-I has been shown to stabilise P-catenin and IGF-II can cause P 

catenin translocation to the nucleus. In situ hybridisation has shown that there is gross 

over-expression of IGF-II in phyllodes tumours, both benign and malignant, and 

fibroadenomas. IGF-I over-expression is also present and correlates with nuclear P- 

catenin expression and Wnt5a expression, suggesting that the effect of the two growth 

factors is additive and showing that IGF-I and Wnt signalling are not alternative means 

of increasing nuclear p-catenin expression. Further work needs to be done to elucidate 

the cause of the IGF over-expression in these tumours. One theory is that loss of 

imprinting of IGF-II may result in over-expression in these fibroépithélial lesions.

Having shown that stromal proliferation appears to become independent of Wnt 

signalling in malignant tumours, the next challenge was to try and establish how the 

stroma becomes autonomous, c-myc and c-kit were studied and over-expression was 

associated with malignant tumours. In some but not all cases, c-myc over-expression 

was due to gene amplification. The finding of c-kit over-expression was particularly 

exciting as a newly developed phenylaminopyrimidine derivative, ST1571 (Glivec; 

Novartis), which inhibits tyrosine kinase receptors including c-kit, has been used to treat 

successfully gastrointestinal stromal tumours, which also over express c-kit. However it 

has been shown that this drug has most success in those tumours which have activating 

mutations of c-kit. Extensive mutation screening of the malignant phyllodes was
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undertaken but no activating mutations were found, suggesting that c-kit over-expression 

in phyllodes tumours is either due to autocrine/paracrine stimulation of the receptor by 

its ligand, or cross activation by other kinases. Comparative genomic hybridisation of 

malignant tumours is another strategy that could be used to try and identify genes that 

may be important in malignant transformation. This approach was tried but was only 

partially successful due to the poor quality of the DNA. Future studies could take 

advantage of chip based CGH arrays which give a higher resolution than conventional 

CGH (1 megabase), and expression arrays, but again these approaches are difficult with 

archival material.

From these findings one can tentatively postulate the following model of 

phyllodes tumour development (Figure 10.1). In benign tumours, stromal proliferation is 

under the control of the epithelium. Although the epithelium promotes stromal growth, it 

also limits it in benign tumours, because any excessive stromal growth alters the 

epithelium:stroma ratio. Epithelial growth, sometimes manifest as hyperplasia, may in 

turn be promoted by the stroma. Once the stroma of the tumour acquires specific, as yet 

unknown, mutations and becomes malignant, the stromal proliferation becomes 

autonomous and no longer requires a mitogenic stimulus from the epithelium. As a 

result the stromal compartment grows in excess of the epithelial. Thus, as the stroma 

grows autonomously, the epithelium:stroma ratio is reduced, as is typically seen in 

malignant phyllodes tumours, in which the epithelium may be very hard to find or is 

present only as a single layer of luminal epithelial cells, in contradistinction to the 

hyperplasia seen in many benign phyllodes tumours. At this advanced stage, stromal |3- 

catenin levels have returned to normal in the absence of epithelial Wnt signalling.
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Figure 10.1: Model for the growth of phyllodes tumours

Benign Phyllodes 
Tumours

Stroma
Nuclear
P-catenin

WntSa

ntified 
growth factof's

ithelium-h

Malignant Phyllodes 
Tumours

Itroma-overgrowth

Normal p-catenin 
c-myc &c-kit over-expression 
Autonomy driven by unknowi 
changes.

HTf^e layer

In summary, progress has been made in trying to understand the biology of these 

tumours and what causes malignant transformation. There are still many unanswered 

questions such as whether the initiating event in the development of these tumours 

occurs in the epithelium or the stroma, and what are the nature of the mutations which 

cause autonomous growth of the stroma and its progression to malignancy. Future 

studies will include the collection of fresh tissue to provide a source of high-quality 

DNA, mRNA for use with expression arrays and comparative genomic hybridisation 

(CGH) chips, and will also allow cell lines to be established. Expression and CGH 

profiling will allow the identification of new pathways involved in phyllodes
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tumorigenesis and enable more to be learnt about the effects of pathways which have 

already been shown to be important in this study. It may be possible using these 

techniques to identify the genetic changes which underlie tumour growth. It will also 

allow identification of changes which are specific to stroma, epithelium and 

malignant/recurrent lesions. Further investigation of the role of the IGF and Wnt 

pathways and the role of c-myc and c-kit in malignant tumours using cell lines would be 

interesting. There are at present two phyllodes cell lines in existence, one benign (Warso 

et al. 1995) and one malignant (Tibbetts et al. 1988), but the establishment of further 

cell lines would be useful for such investigations.
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Sample Margin Stromal
Celluarity

Stromal
A.typia

Epithelial
Atypia

Stromal
Mitoses

Epithelial
Mitoses

Epithelial
Hyperplasia

Stromal
Overgrowth

1 2 1 1 0 2 0 0 2

2 1 0 0 0 1 0 0 0

3 1 0 1 1 2 2 1 1

4 2 1 2 1 0 1 2 1

5 0 0 1 0 0 0 1 1

6 1 0 1 1 3 0 0 1

7 1 1 1 0 2 1 1 1

8 no margins 0 1 0 0 0 1 2

9 0 0 0 0 0 2 0 1

10 2 2 2 no epi 2 no epi no epi 2

11 no margins 0 1 0 2 1 1 2

12 2 2 1 1 2 1 2 2

13 no margins 2 1 0 2 0 0 1

14 2 1 1 1 2 2 1 1

15 0 1 1 1 1 1 1 1

16 2 1 1 1 1 2 0 1

17 1 2 0 0 0 0 0 2

18 1 0 1 1 0 0 2 1

19 2 0 2 1 2 0 1 1

20 0 2 2 1 2 0 0 2

21 no margins 2 1 0 2 2 1 2

22 2 0 0 1 0 0 1 1

23 0 2 1 0 0 0 0 1

24 2 0 1 0 1 2 2 2

25 2 2 2 no epi 2 no epi no epi 2

26 no margins 0 1 1 0 0 0 2

27 2 0 0 0 1 0 0 1

28 1 0 1 0 1 0 1 1

29 1 1 1 1 0 1 2 1

30 0 0 1 1 2 2 1 1

31 2 1 1 1 2 1 0 1

32 1 0 0 0 1 2 2 1

33 1 0 0 0 0 0 0 1

209



A p p e n d i x

Stromal
Mitoses

Epithelial
Mitoses

Epithelial
Hyperplasia

Stromal
Overgrowth

Sample Margin Stromal
Celluarity

Stromal
Atypia

Epithelial
Atypia

no margins

no margins no epi no epi no epi

no margms

no margins

no margins

no epi no epi no epi

ADH

no margms

69
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Epithelial
Hyperplasia

Stromal
Overgrowth

Epithelial
Atypia

Stromal
Mitoses

Epithelial
Mitoses

Sample Margin Stromal
Celluarity

Stromal
Atypia

83

QO margins

100

101

102

103

104
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stromal
Overgrowth

Sample Margin Stromal
Atypia

Stromal
Mitoses

Epithelial
Mitoses

Epithelial
Hyperplasia

Stromal
Celluarity

Epithelial
Atypia

105 no margins

106

107

108

109

110

111

112

113

114

115

116

117

118 no margms no epi no epi no epi

119

120

121

122

123 no margms no epi no epi no epi

124

Key
Margins

0 crisp
1 blurred/focally infiltrative
2 widely infiltrative

Epithelial/Stromal
Atypia

0 none
1 some
2 marked

Epithelial/ Stromal 
Mitosis

Stromal Cellularity

0 none
1 Less than 5 per 

lOHPF
2 5-10 per 10 

HPF
3 >10 per 10 

HPF

0 average
1 increased
2 very cellular

Stromal Overgrowth & Epithelial Hyperplasia

0 none
1 slight

2 marked
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