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ABSTRACT.

Aromatase cytochrome P450 is the final enzyme in the steroidogenic pathway from the 0-19 

androgens to the 0-18 oestrogens. This enzyme is located in a number of tissues throughout 

the body, including breast adipose tissue and breast carcinoma tissue. The importance of local 

aromatase activity in the breast is at the present time unknown. This thesis had studied the 

mRNA and activity levels of aromatase in adipose and tumour tissue collected from women 

undergoing surgery for benign or malignant breast disease. Aromatase activity was measured 

using the tritiated water release assay and the mRNA levels quantified using a novel Polymerase 

Chain Reaction Technique. All samples of benign lesion tissue were found to contain the mRNA 

encoding aromatase and 70% of the samples had detectable amounts of aromatase activity in 

either the lesion or adipose tissue. There were no significant correlations between aromatase 

activity In either tissue with a variety of clinical indices, except that aromatase activity in the 

adipose tissue of those patients who reported a negative family history of breast cancer was 

higher than those patients with a positive family history. 134 patients with malignant breast 

disease were studied, 82.6% were found to have mRNA encoding aromatase in the carcinoma 

and 81.9% had detectable aromatase activity in the carcinoma. The aromatase activity levels in 

both the carcinoma and adipose tissue were compared to various clinical indices and it was 

found that aromatase activity in the carcinoma was inversely related to both age at menopause 

and oestrogen receptor concentration. There was no correlation between aromatase activity in 

the adipose tissue and location of the cancer in 65 patients. However, in a separate group of 

19 patients there was a significant correlation between aromatase mRNA levels in the adipose 

and location of the cancer, the highest levels being in the adipose tissue of the cancer bearing 

quadrant. There were no correlations between the mRNA levels and aromatase activity in the 

carcinomas or any of the clinical indices. It would appear that the carcinomas may be able to 

regulate their maintenance and/or growth via localised oestrogen production utilising the 

aromatase enzyme.
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GENERAL INTRODUCTION. 

CHAPTER 1.
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1. The Structure of the Human Breast

1-1. Gross Anatomy.

The human mammary glands lie totally within the superficial fascia of the anterior and lateral 

chest wall between the second and sixth intercostal spaces and between the anterior axillary 

line and the edge of the sternum (Fig 1.1). Glandular tissue predominates in the upper half and 

extends into the axillary tail of the breast, while the remainder of the structure is mainly fatty 

tissue. The blood supply is predominantly from the perforating branches of the internal 

mammary artery. The lateral side receives blood from branches of the axillary artery, including 

the highest thoracic artery, the pectoral branch of the thoraco-acromial artery, the lateral thoracic 

and subscapular arteries. Finally, there are small perforating arterial branches which pass into 

the breast from the intercostal arteries, through the pectoral muscles. Venous drainage follows 

the same routes.

Lymphatic drainage of the breast consists of the valveless sub-epithelial plexus which drains 

lymph from skin to the deeper, valved sub-dermal plexus. Lymph passes deep within the breast 

among the ducts and lobules and then drains into the major lymph node groups which are 

found in the axilla and internal mammary chain. To a lesser extent, it also drains by intercostal 

routes to the posterior paravertebral group. Axillary nodes are often split into three groups. Level 

one nodes are lateral and inferior to the pectoralis minor muscle and include the lateral, 

subscapular and pectoral groups. Level two nodes lie posterior to the pectoralis minor and are 

predominantly the central group. Level three nodes lie medial and superior to the pectoralis 

minor and represent the apical or infraclavicular groups.
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Figure 1.1. Anatomy of the Human Mammary Gland. 

(Gray’s Anatomy, 1989).
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1-2. Microscopic anatomy.

The breast is composed of approximately 20 lobes made up of epithelial and stromal elements. 

In each lobe there are 10 -100 lobules that drain through ductules into a sub-segmental duct 

and finally into a segmental duct. Near the nipple these ducts expand into lactiferous sinuses 

which converge into the collecting duct and finally open into the nipple. Close to the end of the 

collecting duct, the epithelium is stratified squamous as in the nipple skin, but elsewhere along 

the ductal system, extending to and including the acini of the lobule, the epithelium is composed 

of two layers; an inner columnar cell layer and an outer and often incomplete layer of 

myoepithelial cells. Both of the latter cell types border the basement membrane. A lobule, with 

its draining ductule, is termed a terminal duct lobular unit (Fig 1.2). The lobule itself consists of 

10 to 100 acini bound together in fine vascular connective tissue. The periductal stroma or 

connective tissue is distinct from that of the interlobular and intersegmental spaces in being 

loose, vascular and more cellular. Within the lobule this stroma is more abundant and even more 

cellular, but, unlike the periductal tissue, it lacks elastic fibres. Elastic tissue surrounds the 

extralobular ductal system and increases in amount with age and parity.

A proliferative phase of ductal and secretory hyperplasia occurs during pregnancy and lactation. 

During lactation, the alveolar cells become columnar and resemble exocrine cells. They deposit 

their lipids, carbohydrates and protein products into the alveolar lumen, proteins leaving the 

cells via exocytosis. Contractions of the myoepithelial cells move the liquid to the alveolar ducts 

and through the lactiferous ducts and sinuses. The hormonal and neurological stimuli for these 

contractions is provided by the suckling of the infant. At weaning, the gland begins to involute 

and atrophy. Residual alveolar milk products are reabsorbed and the parenchyma involutes and 

is replaced by adipose and connective tissue. At the menopause, further involution results in the 

loss of the alveoli and intralobular ducts.
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Figure 1.2. Schematic Diagram of the Ductal System of tfie Human Mammary Gland. 

(Smallwood et al. 1990).
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1-3. Normal Breast Histology.

The terminal ductal lobular unit of the normal adult breast is formed by a single layer of 

cylindrical epithelial cells arranged perpendicularly to the ductal lumen. The secretory granules 

of the cytoplasm are usually clustered towards the apical membranes of these cells. Moderate 

numbers of mitochondria are present, and the rough endoplasmic reticulum is seen proximal 

to the golgi apparatus. The luminal cell surfaces possess a varying number of microvilli. The 

myoepithelial cells are spindle shaped and separate the secretory epithelium from the basal 

lamina that surrounds the terminal ductal lobular unit. The fine filaments that most often cluster 

together in focal densities around the long axis of the myoepithelial cell are their most 

characteristic feature. Desmosomes anchor the myoepithelial cells to the secretory epithelium 

and hemidesmosomes dot the cell protrusions of the basal lamina. The stroma surrounding 

these ducts is collagen and lipid rich. Furthermore, it contains scattered elastic fibrils that 

increase in number with age and parity such that the stroma becomes increasingly sclerotic. The 

major sub-areolar ducts have ultrastructural features similar to those of terminal lobular ducts, 

but the myoepithelial cells are more prominent, the basal lamina tends to be thicker and the 

surrounding stroma are more densely populated by epithelial cells (Nesland etaL, 1983). During 

the first half of the menstrual cycle, the epithelial cells accumulate fluid and increase in size. 

After ovulation, the increase in plasma progesterone is parallelled by an accumulation of 

glycogen in the glandular epithelium (Vogel etaL, 1981).

1-4. The Ontogeny of the Mammary Gland.

Descriptions of normal breast tissue are rare, and the majority of work in this field has been 

carried out by Ozzello (1970, 1971, 1974) and Wellings etaL (1975).

Early in foetal development, the epithelial cells cluster in areas that will later give rise to the 

areola and proliferate to form cord-like structures that penetrate the underlying mesenchyme.



25

These epithelial cords are the progenitors of the ductal system which converges into a single 

ampulla, that opens to the nipple. In the third trimester of gestation, the distal portion of the 

foetal ducts develop into alveolar structures that, at birth, secrete "witches milk" which can be 

seen in most neonates in the first 4-6 weeks post-partum. Once the effects of placental steroids 

subside, the secretory alveoli regress, so that in children, there are scattered ducts without 

alveoli which are embedded in stromal tissue.

1-5. Normal Physiology of the Breast.

The breast is under the control of a variety of hormones and growth factors. Oestrogen,

progesterone, oxytocin, thyroxine, dopamine, human placental lactogen and prolactin all

modulate the growth and differentiation of the breast. The latter four mediate the changes to the

breast associated with pregnancy, while oestrogen stimulates mammary growth and
f W t x w  V t  W  . •

development but inhibits milk secretior/^ Oestrogen is responsible for the proliferation of the 

epithelium, especially in the duct%|̂  and, together with intact pituitary function, is required for 

normal growth and development of the breast. After weaning, oestrogen stops lactation and is 

associated with a decrease in the response to prolactin by the epithelial cells. In pregnancy, 

progesterone synergies with oestrogen and prolactin to produce full lobuloalveolar development 

of the breastA It also prevents the accumulation of the enzymes needed for terminal 

differentiation of breast cells for lactation, but actively promotes growth. Together, progesterone 

and oestrogens induce lobuloalveolar development and prevent an increase in lactose 

production by the breast during pregnancy. Progesterone decreases the prolactin-induced 

increase in the expression and secretion of casein. Furthermore, progesterone inhibits the 

binding and actions of glucocorticoids which are required to initiate and sustain lactation in vivo 

(Shyamala et al., 1976) and for the differentiation of mammary epithelial cells in vitro. Insulin is 

an additional requirement for the tissue culture of breast epithelial cells. It is important in breast 

lipid synthesis, regulating the transport of glucose into acinar cells (Robinson eta!., 1978). The
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glucose metabolites, lactate and pyruvate, also influence fatty acid production by the lactating 

epithelial cells.

Thyroid hormone is involved in the growth and differentiation of breast epithelial cells in a 

permissive way. When prolactin concentrations are low, thyroxine promotes lobuloalveolar 

development by potentiating prolactin action and increasing the sensitivity of the epithelial cells 

to prolactin.

2. Benign Breast Disease.

There is a general confusion and lack of consistency concerning the nomenclature of benign 

breast disease. There are several meanings placed upon histological phrases which can imply 

more sinister disease when benign is diagnosed. The following is a review of the terms used to 

describe benign conditions and their meanings.

2-1. Fibroadenoma.

Fibroadenomas are lobular in origin and the lack of elastic tissue in these lesions is an indication 

of this. Hyperplastic lobules are abundant in the normal breast and are histologically 

indistinguishable from the clinically detectable fibroadenoma. They tend to occur at the time of 

maximum hormonal stimulation and will even lactate should pregnancy occur. They uncommonly 

exceed 2-3cm in diameter and approximately 25% will spontaneously regress while more will 

involute at the time of the menopause. These small fibroadenomas are more likely to be 

abberations of normal growth and development of the gland rather than truly pathological, the 

status of which is reserved for giant fibroadenomas exceeding 4cm in size (Smallwood et a/., 

1988).
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Women with anovulatory cycles, or those on Danazol (a derivative of 17-a-ethinyltestosterone, 

the main action of which is as an androgen agonist, used in the clinical treatment of 

endometriosis) are less likely to suffer from fibroadenomas. Several studies have investigated 

the effects of prolactin secretion, caffeine and methyl xanthines on fibroadenomas, but none 

show a significant relationship between the hormone and incidence of the lesion. Danazol, 

bromocriptine, evening primrose oil, tamoxifen and a low fat diet all appear to ease the 

symptoms, but the mechanism by which they do so is unknown. It has been speculated that 

there may be an underlying fault in lipid metabolism within the fibroadenoma-affected breast, 

possibly related to prolactin secretion (Goodwin etaL, 1988). Fibroadenomas, like carcinomas, 

appear to be more prevalent in nulliparous women, although fibroadenomas do not necessarily 

predispose to carcinomas. However, there does appear to be a small sub-group of 

fibroadenoma patients who are at increased risk of development of a subsequent breast cancer.

2-2. Fibroadenosis and Fibrocystic Disease.

This term refers to a set of clinical symptoms rather than a specific histological lesion. It has 

been defined as a "diffuse benign condition of the pre-menopausal breast characterised by 

lumpiness and irregularity of the breast tissue, with or without pain that predominates in the 

latter half of the menstrual cycle" (Smallwood et al, 1988). The epidemiology of the disease 

varies between groups, with estimates from 30-100% incidence in women between the ages of 

20 and 45. Lumpiness of the breast is not, therefore, abnormal in either the statistical or 

pathological sense. The cause of fibroadenosis and fibrocystic disease is not clear and while 

several theories attribute these conditions to hormonal imbalance, there appears to be little 

supporting evidence.

Hutchison et al. (1980) reported an excess risk of breast cancer related to those women with 

fibrocystic disease, particularly related to the presence of epithelial hyperplasia and/or 

papillomatosis, especially where there was histological evidence of calcification. Page et al.
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(1978) also reported that cancers developed more often in those benign lesions where epithelial 

proliferation was seen. Fibrosis and non hyperplastic changes are not associated with an 

increased risk for cancer. However, this is based on correlations with plasma hormone levels 

rather than local tissue concentration.

2-3. Mastalgia and nodularity.

Breast pain and lumpiness are common complaints associated with premenstrual swelling and 

tenderness. The more severe cases can be traced to a fault in pituitary prolactin secretion and 

can be treated with Danazol which will prevent ovarian steroid production.

2-4. Sclerosing adenosis.

This would appear to be an aberration of involution whereby stromal and lobular involution 

occurs in the presence of normal menstrual cycles and the breast’s lobular elements appear 

distorted by fibrous tissue. In some cases it is histologically difficult to separate this benign 

condition from malignancy. On mammography these lesions can also resemble cancers and can 

produce thickening or lumps and even skin tethering if the sclerosing elements pull on the 

surrounding breast structures. Sclerosing adenosis does not carry an increased risk for 

carcinoma of the breast.

2-5. Duct ectasia.

Dilated ducts are often associated with nipple discharge and are common in women of 

peri/post-menopausal age.
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2-6. Epithelial hyperplasia.

Lobular and ductal hyperplasia are common in the pre-menopausal years, and appear to be an 

abberation of the normal involution process. However, these conditions carry an increased risk 

of malignancy. Atypical ductal or lobular hyperplasia histologically resemble carcinoma in situ 

and are associated with a moderately increased risk of carcinoma development (Smallwood et 

a/., 1990). Atypical lobular hyperplasia refers to the condition in which more than half of the acini 

are completely distended and/or filled by the uniform population of characteristic cells and is 

associated with six-fold and three fold increase in the incidence of cancer (relative to the general 

population) for women under and over 45 years old respectively. Atypical hyperplasia is rare, 

occurring in only 4% of breast biopsy specimens.

2-7. Cystic disease.

Palpable cysts are often accompanied by a variety of microscopic lesions, microcysts, apocrine 

changes, adenosis, fibrosis and epithelial hyperplasia. Approximately 7% of women present with . 

a clinically palpable cyst^These are most commonly seen in the 40-50 age group.^They occur 

frequently in the period of breast involution and become less common in the post menopausal 

years. Cystic disease is likely to be hormonally related and is often responsive to endocrine 

treatments, eg. Danazol. However, patients with cystic disease do not display consistent 

abnormalities in plasma hormone levels although there may be very high concentrations of 

hormones in some breast cyst fluid (Miller etaL, 1983). Cyst fluid contains a variety of hormones, 

proteins and electrolytes, the concentrations of which vary considerably. On the basis of the 

electrolyte concentrations in the cyst fluid, in particular the sodium:potassium (Na^:K^^ ratio, 

cysts can be separated into two groups associated with different types of epithelium lining the 

cyst. Those with a Na^:K^ ratio of <3 are lined by an apocrine epithelium, whereas those with 

a Na^:K^ ratio of ^3 are lined by a flattened epithelium (Dixon etal., 1985). The concentrations 

of FSH and LH in cyst fluid are lower than those in plasma, while the concentrations of calcitonin
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and prolactin are increased relative to the plasma concentrations. Glucocorticoids, progesterone, 

testosterone, oestrone and oestradiol do not accumulate to a great extent in cyst fluid. However, 

androstenedione, epiandrostenedione and dehydroepiandrosterone (DHEA) are present at high 

concentrations and dehydroepiandrosterone sulphate (DHEAS) may be present at 100 times the 

plasma concentration

There have been no reported correlations between the ionic composition of cysts and their size

or colour. However, their fluid composition does differ considerably from the breast secretions

obtained either from within the breast or from the nipple, which suggests that cyst fluid cannot

simply arise from the accumulation of normal breast secretionsKrhere is a reported association

between apocrine cysts and increased risk of breast cancer compared to women with cysts
et w-

lined by flattened epithelium|VThose patients with severe hyperplasia, epithelial atypia or papillary 

apocrine changes are also at increased risk (Smallwood etal., 1990).

3. Relationship between Benign and Malignant Disease.

Not all types of benign disease carry an increased risk for the later development of breast

cancer. It should be stressed that 70% of women undergoing benign breast biopsy are not at

increased risk of breast cancer development. The level of risk of malignant disease associated 

with the various types of benign lesions can be assessed as either no risk lesions, 

slightly/moderately increased risk, or high risk lesions.

3-1. No risk lesions.

These include the majority of benign breast biopsies, including cysts, mild hyperplasia 

(increasing thickness of the cell layer above the basement membrane from 2 to 3 or 4) and 

apocrine change.
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3-2. Slightly Increased risk lesions.

These are defined as conferring a risk 1.5-2 times that of the general population and include 

unusual or common epithelial hyperplasia. Dupont et al. (1985) assessed the risk by an 

extensive follow up study of over 10,OCX) women with and without proliferative changes at the 

time of initial biopsy. This study, and several others, supports the positive relationship between 

the presence of epithelial hyperplasia and increase in breast cancer risk (Black etal., 1972 and 

Hutchison et al., 1980). This association with malignancy is most frequently seen in peri- 

menopausal women.

3-3. Moderate risk lesions.

These include the atypical hyperplasias, where the atypia is assessed by the characteristics of 

cell nuclei, {eg. degree of chromaticity, nuclearicytoplasmic ratio, size and pleomorphism of the 

cells) (Cook etal., 1985) recognised by their resemblance to carcinoma in situ. There is a strong 

interaction between atypical hyperplasia and a positive family history of breast cancer in relation 

to subsequent development of carcinoma. The risk for cancer development in those without a 

family history over 10 years is 8%, rising to 25% in those with a positive family history.

34 . High risk lesions.

These are the ductal and lobular carcinomas in situ (DOIS & LOIS respectively). LOIS carries an 

increased risk for breast cancer of 7-9 times that of the general population. Ductal involvement 

(pagetoid spread) in the presence of atypical lobular hyperplasia indicates an increased risk 

approaching the magnitude of LCIS.
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4. Pathological Histology of Breast Carcinomas.

There are several criteria which pathologists use to classify and stage breast carcinomas. 

Classification can be divided into the following groups:

Invasive Carcinoma- invasive ductal carcinoma (not otherwise specified, 

NOS)

ii) medullary carcinoma

iii) mucinous carcinoma

iv) papillary carcinoma

v) invasive lobular carcinoma

vi) tubular carcinoma

Non invasive carcinoma- vii) ductal carcinoma in situ.

viii) lobular carcinoma in situ.

Rare Invasive Carcinoma- i) adenocystic carcinoma

ii) squamous cell carcinoma

iii) carcinoma with pseudosarcomatous metaplasia

iv) secretory carcinoma (juvenile type)

v) signet ring cell carcinoma

vi) lipid rich carcinoma

vii) glycogen rich clear cell carcinoma

viii) carcinoid tumours

ix) mucoepidermoid carcinoma

x) oat cell carcinoma
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Special Manifestations of Breast Carcinoma-

I) Pagets disease of the nipple

ii) Inflammatory carcinoma

4-1. Invasive Carcinomas.

4-1.1. Invasive ductal carcinoma.

This represents 50-70% of all invasive types of carcinoma of the breast, including the not 

otherwise specified (NOS) classification. Grossly, they appear as a poorly marginated mass of 

varying consistency. The cut surface of the tumour, when retracted, reveals a greyish-yellow 

appearance with radiating streaks running centrifugally. Chalky coloured streaks are often seen 

and represent elastic tissue condensation along large mammary ducts. The tumour margins can 

be well circumscribed, indicating an expansive type of growth, or they can be serrated, 

indicating an infiltrating or mixed type of growth. Microscopically, the extent of differentiation is 

based on nuclear aplasia, the presence of necrosis, the extent of inflammatory infiltrate and the 

presence of stroma. Ductal carcinoma NOS are often associated with the highest percentage 

of treatment failure.

4-1.2. Medullary carcinoma.

These represent 5-7% of invasive carcinomas. Grossly, they appear as a round, soft mass with 

well circumscribed margins. The cut, retracted surface of the tumour is spongy and pinkish-grey 

in colour. Microscopically, they consist of large sheets of anaplastic cells with syncytoid growth, 

indistinct borders and frequent vesicular nuclei with prominent nucleoli. Mitoses are abundant 

and the stroma contains many lymphoid cells. The prognosis for these type of carcinomas, if 

localised, is good, the 10 year survival figures being approximately 84%.
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4-1.3. Mucinous carcinoma.

Overall, colloid, gelatinous, myxomatous and mucoid represent 1.5-5% of all breast carcinomas. 

Mucinous carcinoma occurs most frequently in older women and the growth is slower than the 

invasive ductal type. Grossly, they have well circumscribed margins without a capsule and the 

cut, retracted surface reveals a soft, grey-yellow colour with a gelatinous appearance. 

Microscopically, the tumour cells are uniform, with abundant cytoplasm which is foamy and 

vacuolated and often contains mucin. Infiltrating ductal carcinomas (NOS) can co-exist with 

mucinous carcinomas, giving a mixed type of tumour. A more aggressive variant of the 

mucinous carcinoma exists in which the infiltrating malignant cells contain mucin in their 

cytoplasm which displaces the nucleus towards the periphery of the cell (signet ring cells) and 

this type has a poorer prognosis than the generally good 10 year survival rates for the mucinous 

tumours.

4-1.4. Invasive papillary carcinoma.

This represents 0.3-3% of all invasive carcinomas. Grossly, it is well circumscribed, greyish-tan 

in colour and the cut, retracted surface is fragile, being easily broken into smaller pieces. 

Microscopically, there are several recognised patterns, various combinations of which can occur. 

The prognosis for this type of carcinoma is excellent.

4-1.5. Invasive lobular carcinoma.

This represents the invasive counterpart of LCIS and accounts for 0.7-20% of all invasive 

carcinomas. The degree of variance in the incidence of these carcinomas reflects diagnostic 

differences between pathology laboratories. Grossly, it is similar to invasive ductal carcinoma, 

NOS. Microscopically, these lesions represent a homogenous population of cells which lack 

cohesiveness and are distributed in Indian file (linear fashion) or concentrically around ducts
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(targetoid). The prognosis for these carcinomas differs, the solid and mixed variants having the 

poorest prognosis, the classic and alveolar types the best.

4-1.6. Tubular carcinomas.

These represent around 9% of invasive carcinomas. Grossly, they are a poorly circumscribed 

mass with a cut, retracted surface which is hard and grey. This type of carcinoma appears very 

like invasive ductal, NOS. Microscopically, it is composed of glands or tubules with either a 

uniform or a haphazard distribution lined by a single row of cells which have a good nuclear 

grade and rare mitoses. Apocrine snouts often appear in the lumen of the tubules, and stroma 

often occupies the centre of the lesion. The prognosis of this carcinoma alone is generally 

excellent. However, tubular carcinomas are often associated with other tumour types, and the 

prognosis is governed by the degree of involvement of other more aggressive carcinomas.

4-2. Non Invasive Carcinomas.

The non-invasive carcinomas have already been mentioned as increased risk lesions in the 

description of benign disease. However, it is worth describing these two relatively common, 

types of lesion in more detail here.

4-2.1. Ductal Carcinoma in situ (DCIS).

This represents 1-3% of all breast cancers. DCIS is confined to the boundaries of pre-existing 

ducts, and grossly the appearance is variable, from unremarkable mammary tissue to tissue with 

apparently fibrocystic changes. Microscopically, the ducts are filled with tumour cells arranged 

in a variety of patterns and the lesion can be present with or without central necrosis. They may 

present as a breast lump or more commonly now being recognised on mammography as an 

area of micro-calcification.



36

4-22. Lobular carcinoma in siti (LCIS).

This represents 6-14% of all breast cancers, is clinically silent and is only recognised 

microscopically. Small cells with a variable amount of cytoplasm and homogenous, uniform 

nuclei are present. In lobular carcinoma In situ there is a well developed filling and distortion of 

over half of the acini of a lobular unit by a uniform population of characteristic cells. LCIS can 

be present with other types of lesions, both benign and malignant.

4-3. Inflammatory Carcinoma.

The rare types of carcinoma are outside the bounds of this thesis. However, inflammatory 

carcinoma is a special manifestation of breast cancer which is particularly aggressive and is 

characterised by skin erythema, peau d'orange, oedema, increased local temperature, pain and 

tenderness with enlargement and induration of the affected breast. Grossly, the characteristics 

are variable, with a dominant mass not always seen. In some cases there is only the diffuse 

induration of the parenchyma and the presence of satellite tumour deposits of variable size and 

location. Microscopically, the distinctive feature is the plugging of the dermal intra-mammary 

lymphatics by tumour cells. Poorly or undifferentiated ductal carcinoma NOS is mostly 

responsible for inflammatory cancers and at the time of diagnosis, the tumour has almost always 

spread to the lymph nodes. Inflammatory carcinoma has the worst prognosis of all breast 

cancers, the duration of symptoms being 6-12 months. Fortunately, it is uncommon, 

representing 1.5-8% of all breast cancer cases, although the affected patients are usually pre

menopausal.

5. Tumour Staging.

After excision, tumours are histologically characterised by pathologists and are subsequently 

staged on the basis of size (maximal tumour diameter, T in cm), the degree to which the lymph
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nodes are involved (N), depending upon the presence of histological involvement, and the 

presence or absence of distant métastasés (denoted by Mq, no métastasés, or M ,̂ distant 

métastasés present). Fig 1.3 show how these stages are classified.

The staging and grading of carcinomas is not only a useful prognostic indicator, but also helps 

to determine the best line of treatment for the patients.

6. Cancer of the Male Breast

Breast cancer in men is a variant of the disease in women. Although it is fundamentally the 

same as the female disease, it has a lower incidence, occurs in an older age group, is frequently 

sub-areolar (where the female disease is predominantly located in the upper outer quadrant of 

the breast) and is more hormonally sensitive than its female counterpart.

The incidence of male breast cancer is highest in Britain and North America where it accounts 

for 0.3-1.5% of all male cancers and 0.6 0.9% of all breast cancers (Silverberg, 1985). The age 

range of males with breast cancer is 25-93 years with a median of 61-65 years although an 

exceptional case has been observed in a 5 year old boy (Crichlow et a/., 1972). As in women, 

there are a number of associated risk factors. Ethnic group may be important since the 

incidence appears to be higher in Jewish males when compared to Caucasian men of other 

ethnic origins (Mabuchi et al., 1985). Mouse mammary tumour virus (MMTV)-like antigen has 

been found in the cancers of some men, as it has been in some female cancers, suggesting a 

viral association (LIyod etal., 1983). Exposure to ionizing radiation has been demonstrated in 

some cases and family history has also been investigated. Breast cancer in the sisters or mother 

of the male proband has been observed in 11% of cases, the same figure as that reported for 

female cancer (Donegan etal., 1973). The contribution of endogenous or exogenous oestrogen 

in the development of male breast cancer cases is disputed. Increased oestrogen secretion in 

men with breast cancer has been observed (Dao etal., 1973) although not in all studies
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(Scheike et a/., 1973). Symmers (1968) observed 2 cases in which transsexuals who had 

received oestrogen therapy developed breast cancer. Men with prostatic cancer have been 

observed to develop breast cancer, but this is rare. Metastatic secondaries from prostate 

cancers to the breast are usually accompanied with métastasés to other sites.

The male breast has few glandular elements and breast enlargement can be due to obesity, 

gynaecomastia or neoplasia. Whereas obesity is merely an excess of adipose tissue, 

gynaecomastia is the proliferation of the glandular elements of the breast. It is most commonly 

observed during puberty; in men with liver dysfunction; those on oestrogen treatment and in 

association with a variety of drugs including digitalis, thiazides, spirolactone and other addictive 

drugs. Gynaecomastia is often associated with male breast cancer, but the significance of this 

as a precancerous condition is uncertain. Men with Kleinfelter’s syndrome He. 47XXY with 

gynaecomastia, aspermatogenesis, hypogonadotropism and increased FSH secretion, Kleinfelter 

etal., 1942) have a high frequency of breast cancer (Dodge etal., 1969).

7. Malignant Breast Disease.

7-1. Incidence Rates.

The lifetime risk for women in the Western World to develop breast cancer at some time in their 

lives stands at 10%. The risk of eventually dying of the disease is approximately 3% among the 

sufferers. The mortality rate from breast cancer in Western women aged 40-44 years exceeds 

all other causes of death among this age group (Spratt etal., 1988). This rate appears to age- 

related, rising steadily in the pre-menopausal years, beginning around age 30 and continuing 

to rise after the menopause at a slightly reduced rate. In men, deaths attributable to breast 

cancer are negligible before age 40 and although they increase with advancing years, they 

never reach the post menopausal death rate in women.
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There are striking differences in the international breast cancer death rates. The highest rates 

are reported in Denmark and the UK while Japan and Honduras have the lowest death rates. 

Changing mortality in migrant populations would appear to support the idea that environmental 

factors play a key role in breast cancer risk. It is well known that Japanese women living in the 

United States or Hawaii have higher mortality rates than their counterparts in Japan (Seidman, 

H. 1972). Rates are also higher for those Japanese women born in America than those 

immigrants born in Japan. The major differences in international incidence and death rates occur 

in post-menopausal women. In the United States, the age-specific mortality continues to rise 

after the menopause at a slightly reduced rate, whereas, in Japan, incidence progressively 

declines after the menopause.

The annual death rate for women in the developed world from breast cancer has not diminished 

since 1930. The rate is slightly higher in Caucasian women than in negroid women. The Royal 

Free Hospital, where this research was performed, sees some 150 new cases of breast cancer 

per annum.

7-2. Aetiology of Breast Cancer.

The aetiology of female breast cancer is unknown and thought to be extremely complex. 

However, there have been many identified and suggested risk and associated factors.

7-2.1. Genetic and Familial Factors.

Female relatives of women with breast cancer have a higher rate of development of the disease 

than the general population. The probability of mothers of probands to develop breast cancer 

is double that of the general population and the risk for sisters is increased 2.5-fold (Wynder et 

a/., 1976). Other studies have demonstrated that grandmothers, female cousins and aunts of the 

proband, both from the maternal and paternal sides also have an increased risk. However, the
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risk among relatives is not uniform. A group of high risk patients has been identified with a 

frequency twice as high in first degree relatives of breast cancer sufferers as in relatives of 

controls with other types of cancer. While the risk is not increased in those relatives of post

menopausal women with breast cancer, it rises by 3.1-fold among relatives of pre-menopausal 

patients. A five-fold excess is observed in families of patients with bilateral disease and this 

increases to nine-fold if the proband is pre-menopausal (Anderson, 1974). The genetic 

contribution to the life-time risk for the disease in the relatives drops dramatically from 37% at 

20 years to 8% by 45 years (Houlston et a/., 1992).

7-2JL Radiation exposure.

There is no doubt that excessive exposure to ionising radiation will promote breast cancer. 

Previously, women undergoing repeated fluoroscopies to the anterior chest, while being treated 

for pulmonary tuberculosis, presented with an increased incidence of breast cancers at the site 

of irradiation (Mackenzie, 1965). The latent period before presentation was on average 16 years, 

and at an earlier age than would be expected from the general population. The Atomic Bomb 

Casualty Commission reported a high incidence of breast cancer in Japanese women who had 

been exposed to the high radiation levels during the Nagasaki and Hiroshima bombings, this 

increase being pronounced in those women who were pubertal at the time of irradiation 

(Wanebo et al., 1968). The consequences of radiation, both for diagnostic and therapeutic 

purposes, have been examined in detail and the general conclusion is that mammography, 

which is the only routine exposure to radiation applicable for most women, should only be 

carried out where appropriate and with the minimal dose^

7-2.3. Diet and Obesity.

It has long been established that there is a positive correlation between the incidence of
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endometrial cancer and obesity in post menopausal women (MacDonald etaL, 1973). In such 

women, the peripheral conversion of circulating androgens to oestrogens is increased directly 

in proportion to their body weight. Obesity, therefore, may also encourage the growth of other 

hormone-influenced cancers, such as breast cancer. The incidence of breast cancer is, as 

mentioned earlier, primarily a problem of the Western world and much data has been collected 

and analysed concerning the link between dietary intake and disease incidence. Not 

surprisingly, the daily intake of both animal and vegetable fats in the Western world is far higher 

than in those countries which have low incidences of breast cancer (Knox, 1977). Many studies 

have confirmed this association between a high fat diet and increased incidence of breast 

cancer^ but it remains to be elucidated as to exactly which elements of the diet are potentially 

carcinogenic and how they may promote the development of breast cancer.

7-2.5. Reproductive History.

The reproductive history of women may effect their relative risk of developing breast cancer. 

Early menarche and late menopause are well known risk factors. The menstrual cycle produces 

a hormonal milieu, the balance of which is finely controlled. The breast, as well as other organs, 

is influenced by these hormones. On average, menstruation lasts for 4-5 days, and the 30 day 

cycle can be divided into a follicular phase (10-16 days) an ovulatory phase (36hrs) and a luteal 

phase (14 days). As the luteal phase is fairly constant, variation in the length of the cycle tends 

to reflect different durations of the follicular phase. Ovarian hormones have a pronounced effect 

on the breast, and may influence the growth of some cancers. During the follicular phase, 

oestradiol is synthesised in the granulosa cells of the developing follicles by aromatisation of 

androgens produced by the neighbouring thecal cells. Oestradiol inhibits the release of 

gonadotrophin releasing hormone (GnRH) from the hypothalamus and of luteinising hormone 

(LH) and follicle stimulating hormone (FSH) from the anterior pituitary gland. At mid-cycle, an 

LH surge induces ovulation, ie. the release of the oocyte from the follicle. The follicular remnants 

then differentiate to form the corpus luteum which secretes progesterone, and to a lesser extent.
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oestrogens, throughout the luteal phase of the cycle.

Given the effects of ovarian steroids on the proliferation and function of breast cells, one might 

expect breast cancer risk to relate to the total exposure to such steroids as reflected by the 

major parameters of reproductive history ie. age at menarche, age at menopause, number of 

gestations etc.

While ovarian steroidogenesis is dependant on the support of the pituitary gonadotrophins, 

ovarian steroids act for most of the menstrual cycle to suppress pituitary LH and FSH output. 

It is this negative feedback phenomenon that underlies the action of oral contraceptives which 

differ only in the concentrations of constituent steroids. The other situation in which exogenous 

ovarian steroids are routinely administered is for hormone replacement therapy.

7-2.5. Oral Contraceptives (GO’S).

This is a controversial area of breast cancer research and there have been many reports both 

arguing for and against the use of oral contraceptives (OC's) and hormone replacement therapy 

(HRT) in modulating breast cancer development. Some studies have found that oral 

contraceptives have no effect on the risk of developing cancer of the breast, having compared 

women on OC's with age matched controls using alternative forms of contraception. However, 

other studies have reported either an increased risk in women using OC’s, or a reduction in 

breast cancer risk. Ross etal. (1979) reported that in women using conjugated oestrogen OC’s, 

in excess of ISOOng lifetime dose (ie. 1.25ng/day for 3 years), there was a significant increase 

in the risk of breast cancer. Chilvers ef a/ (1989) agreed with these findings in a study which 

found an increased risk of development of the disease in women who were using OC’s. In 

women who were diagnosed as having breast cancer before age 36, there was a trend in 

increased breast cancer risk with use of OC’s for 49-96 months, this relative risk increased when 

the usage was for more than 96 months. They suggested that there was a lower risk associated
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with the use of OC's containing less than 50|jg oestrogen, and that there may be some 

protective effect In using the progestagen only pill. Fasal et al. (1975) concluded that use of 

OC’s did not Increase the risk of breast cancer unless used long term {ie. 2-4 years). This 

association between chronic use of OC’s and Increased Incidence of breast cancer reached an 

11-fold Increase In women with a history of benign disease. However, the use of oral 

contraceptives also appeared to protect against the development of benign lesions. Zanarth et 

a i (1973) studied the progestin only OC and found that It had neither deleterious nor protective 

effects In breast cancer Incidence. Sandel et a i (1985) agreed with this finding that no type of 

oral contraceptive had any effect on the risk of developing breast cancer. In 1981 the Royal 

College of General Practitioners produced a report which found no associated Increased risk 

In women who used OC’s, either In the population as a whole, or In groups with Increased risk 

of developing a cancer. They also found that there was no Increased risk of developing benign 

disease, or for the development of malignant disease In those women with a positive family 

history of breast cancer who had used OC’s before their first pregnancy. Vessey et ai. (1971) 

Investigated the relationship between OC use In women with benign or malignant disease, and 

found that the controls without breast cancer were more likely to use OC’s than the patients with 

cancer, suggesting a possible beneficial effect of oral contraceptive usage.

Although the evidence Is contradictory, 3 of the studies cited above found no Increased effect 

on breast cancer Incidence with the use of OC’s, while 3 found the effect to be Increased If 

administration was chronic. On balance, the mortality rates which would be associated with the 

withdrawal of OC’s from the market would exceed any possible deleterious effects which have 

been described at the present time.

7-2.6. Hormone Replacement Therapy (HRT).

This Is another source of exogenous oestrogens that might Influence the development of breast 

cancer. Oestrogen and progesterone replacement therapy has been reported as more effective
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in the treatment of the symptoms of the menopause and there may even be a beneficial effect 

against the development of endometrial cancer. Burch etal. (1971) studied a group of women 

treated with oestrogen replacement after hysterectomy and found no increase in the incidence 

of breast cancer as compared to the control group. However, Hoover etal. (1976) found there 

to be a cfe/ayecf breast cancer risk for patients taking HRT. Hoover and colleagues (1976) also 

reported an increased risk for breast cancer associated with HRT use in women with a history 

of benign breast disease. Hunt etal. (1987) found that there were no differences in the breast 

cancer risk associated with the different types of therapy* .

Armstrong ef a/. (1988 review) also found 

no evidence to implicate oestrogen replacement therapy in the aetiology of breast cancer. While 

there appeared to be a slightly increased relative risk in women with a positive family history, 

this did not reach significance. Again, the present beneficial effects of such therapy appear to 

outweigh the possible deleterious consequences of discontinuation.

8. Growth Factors and Breast Cancer.

The peptide growth factors are important in the control of embryonic and foetal growth. Protein 

and glycoprotein hormones affect both the replication and induction of embryonic cell types and 

the onset of tissue differentiation. There are two classes of growth factor, those which promote 

mitogenesis and those which oppose it. The mitogenic growth factors include insulin-like growth 

factors (IGF-I & -II), epidermal growth factor (EGF), transforming growth factor a (TGFa), 

fibroblast growth factor (FGF) and platelet-derived growth factor (PDGF). The growth inhibiting 

factors include transforming growth factor B (TGFB), tumour necrosis factor (TNF) and inhibin. 

However, there is little specificity of action among the peptide growth factors with respect to their 

mitogenic actions on embryonic and foetal cells. IGF and EGF/TGFa stimulate replication in cell 

types derived from each of the three primitive germ layers. PDGF is mitogenic for mesodermal 

and endodermal cell types, while FGF is active on mesodermal and ectodermal cells. EGF is
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essential for events early in the growth phase of the cell cycle (G^) and IGF is essential for 

events late in G ,̂ including the synthesis of thymidine kinase for DNA replication in the mouse 

embryo fibroblast cell line, BALB/3T3. If the latter cells are growth arrested at high density, either 

PDGF or FGF is required to render them competent to enter Gy Once in Gy the fibroblasts no 

longer require PDGF or FGF to proceed to the DNA synthesis phase (S phase) but instead they 

require EGF and IGF-I or -II (VanWyk, etal., 1981). Human fibroblasts require PDGF at both the 

Gq/G^ boundary and throughout Ĝ  (Westermark etal., 1985).

The biological actions of the growth inhibitors are less easy to define. TGFB is a very potent 

inhibitor of hepatic replication (Strain et al., 1986) and also inhibits the proliferation of 

mesenchymal tissues {eg. fibroblasts) but has no effect on myoblasts. TGFB can act as a 

bifunctional growth factor stimulating the growth of human fibroblasts from foetal material of less 

than 16 weeks gestation, but inhibiting fibroblast growth in the older foetus or adult (Roberts et 

al., 1985).

Immunohistochemical staining of human foetal tissues for IGF reveals that it is present in all 

tissues tested, especially in epithelial structures (pulmonary epithelium, gut epithelium and the 

proximal and distal convoluted tubules of the kidney) (Han etal., 1987). IGF is also present in 

differentiated cell types such as smooth and skeletal muscle and the foetal zone of the adrenal 

cortex. Two types of IGF binding protein have been identified, one of which is a circulating 

glycoprotein of 150kDa that does not appear in the human foetus until the third trimester of 

gestation. The second is a group of related binding proteins of 26-28kDa present in all 

extracelluar fluids and released from many cell types in vi^o, including human foetal cells. The 

ability of cells to express these binding proteins represents a potential level of control of IGF 

action. The circulating levels of IGF are positively correlated with birth size in both humans and 

other mammals. A reduction of placental size, maternal fasting or uterine vessel occlusion all 

result in foetal growth retardation, with an accompanying drop in plasma IGF-I levels (Milner et 

al., 1987).
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Having reviewed the general biology of growth factors, their role in the development of breast 

cancer will now be discussed. There are a number of growth factors which have been

associated with breast cancer. The transformation of cells may result from an increased

production of a stimulatory growth factor, or a decrease in the production of an inhibitory growth 

factor. Alternatively, the transformed cell may have altered requirements to either or both of 

these. The following review outlines the growth factors and oncogenes described in human 

breast cancers, both in situ and in cultured cell lines.

8-1. Tumour Necrosis Factor (TNF).

Of the growth inhibitors, tumour necrosis factor is a typical cytokine, the activity of which is 

largely determined by the cell type to which it binds and the presence of other protein 

regulators. TNF is a 26kDa molecule located within the cell membrane (Kriegler et al., 1988), 

expression of which is induced by a variety of stimuli including tumour promoters, viruses and 

mitogens. TNF can act as a growth factor, cytotoxin, cytostatic agent or an inducer of 

differentiation. Local and transient action of TNF is of benefit to the host in controlling immunity, 

inflammation and repair, but sustained and systemic production can be harmful. TNF will 

stimulate the growth of various human fibroblasts and some tumour cell lines (Balkwill, 1988 

review).

This mitogenic interaction is synergistic with EGF, PDGF and Insulin. TNF is also an important 

cytotoxin, especially for cells which have been metabolically compromised by viruses or 

inhibitors of RNA and/or protein synthesis. It is also toxic for some transformed cell lines. It can 

activate phospholipase Ag which breaks down membrane phospholipids to arachadonic acid 

from which leukotrienes and free oxygen radicals can be generated. The action of 

phospholipase Ag can be inhibited by glucocorticoids which will protect otherwise susceptible 

cells from the toxicity of TNF. The susceptibility of cells to TNF may depend on other cytokines 

or growth factors to which they have been exposed and both EGF and TGFa interfere with the
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anti-proliferative effects of TNF in selected cell lines (Balkwill, 1989).

EGF & TGFa.

EGF is required for the in vitro growth of normal mammary epithelium. Breast cancer cells do 

not require EGF for their growth, but may retain receptors and stimulatory responses. TGFa is 

a ligand for the EGF receptor, and mRNA encoding TGFa has been identified in proliferative 

lobuloalveolar development in both rodent and human pregnancy. TGFa acts as an autocrine 

growth factor in normal mammary epithelial cells in vitro, and over- expression of TGFa has been 

linked to the capacity for anchorage- independent growth of mouse mammary epithelial cells. 

EGF can act as an oncogene when transfected or over-expressed in rodent fibroblasts and there 

is some evidence that oncogene expression in breast cancer is linked with the levels of 

secretion of TGFa. 70% of breast carcinomas express detectable levels of T<jFa mRNA and 

protein as compared to 30% of benign lesions (Bates etal., 1988 and Travers etal., 1988). An 

EGF-related 43kDa protein has also been reported in the urine of patients with breast cancer.

There is a well established link between the presence of receptors for oestrogen and EGF in 

breast carcinoma tissue, in that their levels are inversely related (Sainsbury eta!., 1987 and Kiljn 

etal., 1992). The presence of EGF receptors has been used by some groups as a prognostic 

indicator for a sub-group of patients with lymph node métastasés. Indeed, Nicholson et al. 

(1990a) reported that EGF receptor status was second only to node status as a prognostic 

indicator. They found that EGF receptor positive, node negative patients had a decreased 

disease free survival time, as did EGF receptor positive patients with low grade tumours, 

perhaps identifying a sub-group of patients who were node negative, but whose prognosis was 

poor. The co-expression of the EGF receptor with the oncogene neu resulted in a reduced 

response rate to the anti-oestrogen, tamoxifen.
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8-3. TGF8.

This is normally a potent inhibitor of mammary terminal end bud development. This inhibition 

is associated with epithelium-dependant synthesis of collagen type I and the glycosaminoglycan 

(chondroitin sulphate) matrix components. TGFB I and II are inhibitors of growth in both breast 

cancer cell lines and normal mammary epithelial cell lines in vitro (Dickson, 1990). Coombes et 

al. (1990) reported that 54% of breast cancers contained high levels of TGFB, compared to only 

15% of benign samples. Unlike the EGF receptor, there appears to be little correlation between 

relapse free survival and the levels of expression of TGFB mRNA. King etal. (1989) studied the 

transition of four oestrogen receptor positive breast cancer cell lines from the hormonally- 

sensitive to the insensitive state by long term steroid deprivation. The basal growth rate of the 

cells increased as the cells became hormonally-insensitive, and these cells lost their capacity 

to exhibit a growth response to insulin. An increase in the levels of mRNA encoding TGFB was 

observed in those cells which were oestrogen insensitive. They also found that in primary breast 

tumours, there was a high TGFa content in those tumours which were oestrogen receptor 

positive while those which were negative showed a high TGFiB content. This observation is 

paradoxical since oestrogen insensitive types of cancer are more rapidly growing, show poorer 

differentiation and are generally more aggressive types of cancer than the oestrogen receptor 

positive tumours. These results do not support the idea that TGFB is a negative factor in tumour 

progression. The authors suggested that it would be more likely that the growth factor changes 

induced by steroids are not relevant to those involved in the up-regulation of growth which is 

steroid dependant.

8 ^ . PDGF.

The a and B chains of PDGF are known to be present in all normal and benign breast tissues 

and Coombes etal., (1990) found no differences in PDGF a or B transcripts in breast carcinomas 

which were either oestrogen receptor positive or negative. Indeed, PDGF was undetectable in
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12% of all carcinomas tested.

8-5. IGFs.

IGF-II is present in 100% of normal and benign breast tissues, but in only 50% of carcinomas 

(Coombes et a/., 1990). Furthermore, the levels of IGF-II expressed in the benign breast are 

much higher than in the malignant samples. Osborne etal. (1990), reported that both IGF-I and - 

II stimulate the growth of breast cancer cells in vitro while antibodies blocking the IGF receptor 

inhibit this growth response. IGF-II is produced by some breast cancer cell lines and can be 

detected in conditioned media. Although the release of IGF-II into the medium can be stimulated 

by oestrogen in the cell lines MCF-7 and T47-D, the secretion of IGF-II does not affect 

oestrogen-induced growth indicating that this is probably not an autocrine relationship. The IGF-I 

antibody has been shown to be an important inhibitor of anchorage-independent growth in MOF- 

7 cells, suggesting that the IGF-I receptor may be required for normal cellular growth and 

attachment.

8-6. Growth Factors and Oncogenes.

In addition to their involvement in normal growth, growth factors and inhibitors are also 

implicated in a variety of pathological conditions including cancer. There are a number of 

oncogenes which have been shown to be growth factor related and are present in cancers. For 

example, the sis oncogene encodes the PDGF-B chain; the proto-oncogene erb-B encodes a 

truncated EGF receptor which is related to IGF a; the proto-oncogene erb-A encodes a thyroid 

hormone receptor and is structurally related to the steroid hormone receptors; c-fms codes for 

the receptor protein for colony stimulating factor 1 (CSF-1); the /nf 2 proto-oncogene is related 

to acidic and basic fibroblast growth factors (aFGF and bFGF); the ras oncogene product is 

related to the G protein family, has GTP-binding activity and is probably involved in the 

cAMP/cGMP second messenger dependant signal transduction system. /Tas proto-oncogene
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can also further induce the production of TGF’s (Knochei etal., 1989).

It would appear that steroids and growth factors probably interact with changes in the genetic 

and cellular background of those cells which take on malignancy-associated functions as 

suppressor genes are lost or oncogenes are activated.

However, the involvement of oncogenes in primary breast cancer is thought to be minimal. The 

incidence of point mutations of c-Ha-ras and c-Ki-ras is low. In 15-30% of primary carcinomas 

c-myc is expressed and correlates with poor prognosis. This proto-oncogene can confer 

immortality to fibroblasts and alter their responsiveness to growth factors such that they can be 

stimulated to grow by FGF, EGF or TGFa. It may be that c-myc acts early in breast cancer 

lesions to allow these growth factors to further promote transformed growth. Another proto

oncogene c-erb-S^ is an analogue of the EGF receptor and is present in the more aggressive 

and hormone unresponsive breast cancers.

9. The Oestrogen Receptor.

Having described the role of oestrogens in the normal breast, their mechanism of action must 

be considered. Within the breast, oestrogen receptors (ER) are located in the luminal sub

population of ductal and lobular epithelial cells, but are absent from the terminal end bud
I"

epithelial cells. The human oestrogen receptor is a 66kDa protein (Green etaL, 1986) which, in 

the absence of hormone, is weakly associated with the cell nucleus (King eta!., 1984). The DNA 

binding domain and the hormone binding domain are the two most conserved regions of the 

gene encoding the receptor. There is a transcriptional activation domain and two domains 

remain for which a clear function has yet to be identified. The hormone binding domain is 

hydrophobic and is the most highly conserved region among the members of the nuclear 

hormone receptor family (including the glucocorticoid, steroid and thyroid hormones, vitamin Dg
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and the retinoic acid receptors). The zinc fingers of the DNA binding domain bind the DNA with 

two pairs of cysteine residues but, though essential, are not alone sufficient for DNA binding. 

The ER sequence upstream of amino acid 179 can be deleted without the loss of DNA binding, 

but removal of the sequence downstream of amino acid 261 destroys DNA binding, which can 

only be restored by extending the sequence to amino acid 282 (Kumar efa/.,1988). The cellular 

distribution of ER mutants has been analysed using antibodies and it has been observed that 

the truncated receptor (amino acids 1-281) is located in the nucleus, whereas the truncation of 

the receptor from amino acids 282-595 results in the formation of a receptor which is located 

in the cytoplasm.

The oestrogen receptor is a ligand activated transcription factor that modulates specific gene 

expression by binding short sequences of DNA- the oestrogen response elements (EREs) 

located adjacent to oestrogen-regulated genes. The ERE is an enhancer site (a DNA sequence 

which is important for promoter activity) which exerts its action irrespective of its orientation 

when positioned up or downstream of a variety of promoters (a sequence of DNA which RNA 

polymerase recognises as a start site). EREs have been identified in the upstream flanking 

regions of several genes, including the chick ovalbumin gene (Tora etaL, 1988), the rat prolactin 

gene (Waterman etal., 1988) and the pS2 gene associated with ER positive breast cancer (Rio 

etal., 1987). Most of these EREs are perfect palindromes, but when they are not (as in the pS2 

ERE) the affinity of the ER to this region is lowered in comparison to a perfect palindrome.

Once bound to the ERE, the hormone receptor complex activates transcription. The ER includes 

transcriptional activating factors (TAFs) in the «-region of the receptor, one being the hormone 

binding domain, TAF2, the mechanism of action of which is unclear. The basic mechanism by 

which the ER stimulates gene transcription is not known. The ER is able to stimulate 

transcription from minimal promoters which contain a simple TATA box element (Tora et al., 

1989). Enhancer factors may function by recruiting or promoting the interaction of basic 

transcription factors such as the TATA box factor, transcription factor HD (TFIID), allowing the
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initiation of transcription. In addition to interacting with other DNA binding proteins, the ER may 

act with a number of bridging transcription factors that do not themselves bind DNA.

One of the ways in which the anti-oestrogen tamoxifen is thought to antagonise oestrogen action 

is by competing with the hormone for receptor binding. The ER recognises an ERE when either 

oestradiol or hydroxytamoxifen is bound (Lees et al., 1989) but transcriptional activation is 

decreased on binding tamoxifen. Oestrogens, but not anti-oestrogens, promote a structural 

change in the hormone binding domain that is required for the complete activation of a 

functional receptor. The ability of tamoxifen to act as a partial oestrogen agonist results from its 

ability to promote DNA binding of the ER in which TAF1, but not TAF2, is active.

Oestrogen receptors are routinely measured in all malignant biopsy specimens and are an 

important prognostic factor in breast cancer treatment, oestrogen receptor positive carcinomas 

have a better prognosis than the oestrogen receptor negative ones/C,Kj»A\j*̂ ' ^

10. Aromatase Cytochrome P450.

Aromatase cytochrome P450 is an enzyme complex located in the endoplasmic reticulum of 

oestrogen-producing cells. It comprises a specific form of cytochrome P450, aromatase 

cytochrome P450, and a flavoprotein, NADPH cytochrome P450 reductase. Aromatase 

cytochrome P450 is a heme-binding protein which aromatises androgens to oestrogens via a 

series of reactions which leads to the formation of a phenolic A-ring. The flavoprotein component 

of the complex is the NADPH-cytochrome P450 reductase which is responsible for transferring 

electrons from NADPH to the aromatase. The reductase component is a ubiquitous protein 

found in the endoplasmic reticulum of most cell types, whereas the P450 component is only 

found in the endoplasmic reticulum of selected cell types.

Aromatase is a membrane bound 53kDa glycoprotein which is N-glycosylated as a post-
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translational modification. This modification is important in the P450 enzyme family and has also 

been observed in cytochrome P450 cholesterol side chain cleavage (P450scc) from bovine 

adrenal cells and vitamin D3 25-hydroxylase from bovine hepatocytes. The glycosylation is partly 

responsible for the diverse range of spectral properties and molecular weights seen in the P450 

enzyme family and also affects the translocation and the orientation of the polypeptide segment 

of the chain in the membrane (Sethumadhaven etal., 1991).

The reaction mechanism of aromatisation appears to involve three sequential hydroxylations that 

requires three moles of NADPH and three moles of oxygen for every mole of C-19 androgen 

converted to C-18 oestrogen. The first two hydroxylations occur at the C19 angular methyl 

group, giving rise to the Cl 9-hydroxy and 019- aldehyde structures. The site of the third oxygen 

attack has not been elucidated but is also thought to be at the C-19 position and is known to ,

give rise to the phenolic A ring with release of formic acid and water (Fig. 1.4)iv Hence, 

aromatase activity can be assayed as the release of tritium from [16-^H] androstenedione or 

testosterone into the aqueous phase of the reaction: the tritiated water release assay (Fishman4 

1981).

Aromatase activity is displayed in several cell types in the human, including granulosa cells 

(McNatty et al., 1976), mature Sertoli and immature Leydig cells (Valladares et al., 1979), 

placenta, adipose tissue and various sites in the brain including the hypothalamus (Naftolin et 

al., 1975), amygdala (Rosetti etal., 1985) and hippocampus. Aromatase activity has also been 

detected in the pre-implantation blastocyst (Sengupta etal., 1982).

In pre menopausal women, the highest levels of aromatase expression are present in the 

granulosa cells, except in pregnancy, during which the placenta is the major site of oestrogen 

synthesis. In post menopausal women, the aromatisation of androgens to oestrogens occurs 

predominantly in the peripheral adipose tissue.
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In most tissues, the androgen substrate for aromatase is synthesised at a site distal to that of 

aromatisation. Hence oestrogens are produced by granulosa cells following the action of 

aromatase on androgen substrates produced by the neighbouring thecal and stromal cells of 

the ovary. Oestrogens produced by the placenta are derived from 16a-hydroxy-DHEA 

synthesised by the foetal adrenal and liver. In the adipose tissue of post menopausal women, 

oestrogens are produced from circulating androstenedione which originates predominantly from 

the adrenal cortex.

10-1. Peripheral Aromatase Activity.

The importance of adipose tissue as a source of oestrogens in post menopausal women was 

first recognised by Grodin et al. (1973) and Hemsell et al. (1974) who reported that the 

conversion of circulating plasma androstenedione to oestrone increased with age and obesity. 

As noted earlier, increased incidence of endometrial cancer in elderly, obese women may be 

attributable to increased oestrogen production by peripheral adipose tissue. Aromatase activity 

has also been described previously in breast cancer (Miller etal., 1983) and, as oestrogens have 

been implicated in the development and progress of the disease, the presence of aromatase 

in carcinoma tissue is of interest both biochemically and therapeutically.

Adipose tissue not only possesses aromatase activity, but a range of other biological functions 

including prostaglandin production. Richelsen ef a/., (1992) described how isolated adipocytes 

were able to synthesise prostaglandin Eg, a response which was inducible by adrenaline. 

However, in the presence of contaminating non-adipocyte cells, there was a synergistic action 

between the adipocytes and non-adipocytes, with respect to their ability to produce 

prostaglandins. This work suggested a functional communication between adipocytes and 

neighbouring stromal cells.
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Figure 1.4. Proposed Mechanism of action of Aromatase Cytochrome P450. 

(Fishman eta!., 1981)
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It has been suggested that adipocytes from different fat depots have different metabolic activities 

and that steroids may be responsible for any such differences. Oestrogens are thought to affect 

the distribution of body fat and are known to affect the metabolism of isolated rat adipocytes 

(Bjorntrop et a/., 1990). Pedersen et ai. (1992) demonstrated that oestrogen treatment of 

ovariectomized rats increased the lipolytic response triggered by catecholamines and decreased 

lipoprotein lipase activity. Rats treated with oestrogen also showed an increased binding 

capacity for oestradiol in the adipocyte nuclear oestrogen receptors. Therefore, oestradiol may 

induce its own receptor in adipocytes isolated from these rats. Oestrogen treatment also 

increased circulating free fatty acids and decreased triglyceride assimilation in these rats, 

resulting in smaller adipocytes and decreased body fat content.

As stated above, adipose tissue also has aromatase activity and hence the capacity to 

synthesise oestrogens from circulating androgens. Nimrod et al. (1975) demonstrated that 

human abdominal, breast and axillary fat were all capable of synthesising oestrone from 

androstenedione. Adipose from cancerous breasts was also found to perform this conversion 

and to possess aromatase activities within the range of normal breast and abdominal fat.

Aromatase activity has also been identified in breast tumour material. Killinger et al. (1987) 

demonstrated the presence of aromatase activity in homogenates of breast cancers and in co

cultures of these cancer and stromal cells. In cultured breast cancer cells, aromatase activity is 

stimulated by cortisol although this glucocorticoid inhibits cell growth. Conversely, aromatase 

activity was inhibited by a variety of 5a-reduced androgens, including 5a-androstenedione, 

androsterone, 5a-dihydrotestosterone (DHT), epiandrosterone, and 3a- and 38-androstanediol. 

However, progesterone had no effect on aromatase activity. From these observations, it has 

been concluded that the adrenal androgens provide the major substrates for aromatisation in 

the peripheral tissues of post menopausal women, DHEA and DHEAS being the main 

contributors.
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1 0 ^ Cellular Localisation of Aromatase Activity in Adipose Tissue.

Human adipose tissue can be digested using collagenase and the adipocyte and stromal cell 

fractions subsequently separated by differential centrifugation. These components have both 

been assayed for aromatase activity employing the tritiated water release assay (Thompson et 

a/., 1974} It was found that majority of the activity resided in the stromal cell compartment^while 

aromatase activity in the adipocytes was virtually undetectable. In order to determine whether 

aromatase activity in the adipocytes was lacking due to failure of these cells to express the 

enzyme, the adipocyte and stromal cell components were homogenised and their membrane 

fractions recovered by ultracentrifugation. Although aromatase activity was undetectable in intact 

adipocytes, microsomes derived from adipocytes had detectable aromatase activity. Therefore, 

it was hypothesised that aromatase activity was decreased or could not be measured in intact 

adipocytes due to sequestration of the [1-^H]-androstenedione substrate into the lipid fraction 

of the cells such that the substrate was unavailable for aromatisation. It was concluded from 

these studies that both the adipocyte and stromal cell fractions express aromatase activity and 

that, in vivo, the adipocyte would achieve equilibrium of substrate entering and leaving the lipid 

droplet, therefore allowing limited aromatisation to take place.

11. Regulation of Aromatase in human adipose tissue at the cellular level.

Studies on the regulation of aromatase in adipose tissue have used stromal cells as a model 

culture system. When stromal cells from subcutaneous fat were assayed for aromatase activity 

(Cleland et al., 1985) it was found that activity increased with age, but was independent of the 

menopausal status of the patient. The findings suggested that the increased conversion of 

androstenedione to oestrone in older women may be associated with an increase in the specific 

activity of the aromatase enzyme in adipose tissue, whereas the increase in conversion of
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androstenedione as a function of obesity was suggested to be due to increased numbers of 

adipocytes and stromal cells rather than increased enzyme activity.

Numerous factors have been shown to influence aromatase activity in the adipose tissue stromal 

cell culture system. The synthetic glucocorticoid, dexamethasone, has been shown to increase 

aromatase activity in a concentration- and time-dependent manner (Simpson etal., 1981) as has 

dibutryl cyclic adenosine-3',5' mono phosphate (Btg-CAMP). However, while foetal calf serum is 

essential for glucocorticoid induction of aromatase activity, (Mendelson etal., 1982) the response 

to Btg-cAMP only occurs in the absence of serum. Factors which increase adenylate cyclase 

activity in the adipose tissue stromal cells were therefore tested for their effects on aromatase 

activity. Isoproterenol and adrenocorticotrophin hormone (ACTH) increased cAMP concentrations 

in these cells and induced a mild increase in aromatase activity (Mendelson et al., 1984).

Growth factors, which may have been the serum component responsible for preventing the 

aromatase response to Btg-cAMP, were also tested. EGF, FGF and PDGF all inhibited Btg-cAMP 

stimulated aromatase activity. Conversely, insulin, IGF-1, multiplication stimulating factor (MSF) 

and relaxin had no effect on aromatase activity in the presence or absence of Btg-cAMP, nor did 

they have any effect on dexamethasone-stimulated aromatase activity. Mendelson etal. (1986) 

also tested the phorbol esters for their effect on aromatase activity in human adipose stromal 

cells. It was noted that alone, these activators of protein kinase 0 caused only a small increase 

in aromatase activity, but in conjunction with cAMP, the stimulation increased 200-fold. EGF also 

had the capacity to inhibit the synergism between Btg-cAMP and phorbol ester-stimulated 

aromatase activity.

Regulation of aromatase by these various factors has been shown to occur at the transcriptional 

level by northern analysis. Changes in activity were shown to reflect the specific regulation of 

the cytochrome P450 component of the complex and not the NADPH-reductase. Durham et al.
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(1985) and Evans et al. (1987), demonstrated that the levels of translatable mRNA encoding 

aromatase closely resembled the changes in the synthesis and activity of the enzyme, whereas 

the levels of mRNA encoding the flavoprotein component remained relatively constant.

From these extensive studies, it is clear that aromatase activity in human adipose tissue is under 

complex, multi-factorial regulation. The molecular mechanisms by which aromatase is regulated 

are of equal importance and have been extensively examined. The following is a brief review of 

the regulation of aromatase at the level of the gene.

12. Regulation of Aromatase Cytochrome P450 at the molecular level.

Subsequent to the above studies, attention was directed towards the regulation of aromatase 

at the molecular level. Corbin etal. (1988) isolated the cDNA for aromatase, while Means etal. 

(1989) and Harada (1988), determined the structure of the full length gene encoding cytochrome 

P450 aromatase. Full length cDNA inserts, which were complimentary to the human aromatase 

from placental cDNA libraries, were isolated and this cDNA insert was used to isolate the human 

aromatase gene. The sequence of full length aromatase cytochrome P450 cDNA and the 

deduced amino-acid sequence of the exons and exon-intron boundaries in the translated portion 

of the gene are illustrated in Fig 1.5.

The cDNA insert is 2.7kb in length and encodes a polypeptide of 503 amino-acids. The boxed 

region near the amino-terminal end of polyadenylation signal within the 3’ untranslated region 

but does not contain a polyadenylation (poly A^) tail. However, it is known that an additional poly 

A^ site lies further downstream from the first site and that the use of these two poly A^ sites 

results in the generation of two mRNA species of differing lengths, one of 3.0kb and one of
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Figure 1.5. Full Length Cytochrome P450 cDNA. (Means ef a/., 1989).

Exon II (aa 1-46)
cccaagaaat gtgttcttac tgtagaaact tactattttg atcaaaaaag tcattttggt caaasagggg agttgggaga ttgccttttt gttttgaaat tgatttggct tcaagggaag
aagattgcct aaacaaaacc tgctgatgaa gtcacaaaat gactccacct ctggaatgag ctttattttc ttataatttg gcaagaaatt tggctttcaa ttggr<*atgc acgtcactct
acccactcaa gggcaagatg ataaggttct atcagaccaa gcgtctaaag gaacctgaga ctcCaccaag gtcagaaatg ctgcaattca agccaaaaga tctttxttgg gcttccttgt
tttgacttgt aaccataaat tagtcttgcc taaatgtctg atcacattat aaaacaqtaa gtgaatctgt actgtacagc accctctgaa gcaacaggag ctatagatga accttttagg
ggattctgta atttttctgt ccctttoatt tccacaaOAC TCTA^ATTGC CCCCTCTOAG OTCAAGOAAC ACAAOATOOT TTTOOAAATO CTOAACCCOA TACATTATAA CATCACCAOC

MatVa ILauGlWiat LauAanPtoI UHitTyrAa ntlaThrflar 
ATCaTOCCTO AAQCCATQCC TGCTQCCACC ATQCÇAOTCC TQCTCCTCAC T9GCCTTTTT CTCTTOOTOT OOAATTATOA OOOCACATCC TCAATACCAQ qtaaqtcaQt catttatttc
XlavalProO littlaHatPr oAlaAlaThr MatProValL auLauLauTh rOiyLauPha LauLauValT roAanTyjOl uOlyThrflar earllaProO
tgtatctaag gagattattt actcgggatt ttggtccatc atggtanaga aaaattttgc aaaaaggaca aaaagcaaac ctggaaagat ctctgaagac tatgtctgtg ttagcaaatg
aggacttgga gaaatttcag accaattatc.tg....... -6 kb.....
Exon III (aa 49-99)
ttcaaatcac tttattcgtg attcacagat atacatcaca tgtacagaac acttagctat aaaagaacaa aaacaggagt aacacagaac agttgcaatt tttggtgtaa ctaagatgtt
QCttatqctc taacacctQt cctaaQTCCT OOCTACTOCA TGOOAATTOO ACCCCTCATC TCCCACOGCA OATTCCTOTO OATOOOGATC OOCAOTGCCT OCAACTACTA CAACCGOGTO

lyPro OlyXyrCyaH atGlyllaGl yProLauIla BarHiaGlyA rgPhaLauTr pMetOlyThr OlySarAlaC yaAanTyrTy rAankrgVal 
TATOOAQAAT TCATGCGAQT CTOOATCTCT GOAGAOOAAA CACTCATTAT CAGCAAqtaa Qtctqttcat aatcgaagac atacttttta aatcgaggct qgagtttttt qgagttaaga
TyrOlyoluP haHatArgVa iTrpIlaflar OlyOluOluT hrLauIlall aSarLy
caactttatt ttgaatcttg atgtctttgt ttctaacgct atatttttac cactgaaatg aagtgagcaa tccccagaaa tctaacattg caaacagaat aattgggttt tgcttgaatt
gaagccagca gtacataaat aactaactct qgaaagttgg gaaattattt acaatctctg tgagcagtga atgtggaaac ttaqaagcca gataatttga ttttgacaaa ..-10 kb..
Exon IV (aa 100-150)
aaactgaact tagtaatcca caacttgatc ttggctcact cttatgtggc actttgatag ctggatgata cctggaggct gagttcttct ggctctgtgt atggagggtt cagcttctta
gcagcctgca gctctgactc catgtagtgg gtagtatttt ggtgaggtta gagaagaaag agaagtaagg aatggtatat ggtgtgtgtg tgtgttttct atctttgtgg atagttgaaa
cagggagtca gtaggtagaa atgattcaac tggagaagga tgtcctcatg ctaacagaag tgcttattca acccgaatac tagaaatcat gcacattgca tttggagcaa catgcatttg
ctaagagagc tgcctcctag tcsaaatgta ccaccaggag ttctcctgac ccttaaaaat tgacaccaaa otttcctotc ttttcaoQTC CTCAAOTATO TTCCACATAA TGAAOCACAA

#6# rSarSarHat PhaKlallaM atLysKlaAa
TCATTACAGC TCTCOATTCO OCAOCAAACT TOOGCTOCAO TOCATCOOTA TOCATOAOAA AGOCATCATA TTTAACAACA ATCCAGAOCT CTGGAAAACA ACTCGACCCT TCTTTATGAft
nHlaTyrSar flerArgPhaO lySarLyaLa uGlyLauOln CysIlaOlyH akHlsGluLy aOlyllalla PheAenAanA anProGluXa uTrpLyaThr ThcArgProP hePhaHatLy
AQqtaaqcaq gtacttagtt agctacaatc ttcttttttg tctatgaatg tgcctttttt qaaatcatat ttttaaaata ttttatttat ttatttattt atttatttat ttattgagac
aggctctgac tctatcaccc aggcaggagt gaccttgqct cacgaccttg gctcactqta acctccgcct cccaggactc aggcgattct cccacctcag cctcgcgagt agctgggact
acagaatgtg caccaccaat gcctggacaa etttttgtat tttttgtagc gatgggqttt cqccaCattt gagaccaggc tgggctcnaa cacacggagt caaacgattg acctgcctcg
gcctcccaaa gtgttgggat tacagggatg agctatca.. > 3.5 kb...
Exon V (aa 151-209)
aaagcaaatg catgattgtg tgtgtgcctg gattctgtag gctgattctc tgtaqtatac tctqcaoCTC TOTCAGCCCC COOCCTTOTT CGTATCCTCA CAGTCTOTGC TCAATCCCTC

laL ausarolypr oGlyLauVal ArgHatValT hrValCyaAl aCluSerLau
AAAACACATC TOOACAOGTT OOAGOAOGTG ACCAATOAAT CCGGCTATGT OOACOTOTTO ACCCTTCTGC OTCOTOTCAT OCTCOACACC TCTAACACGC TCTTCTTCAO OATCCCTTTO
LyaThtHlaL auAapArgLa uOluOluVal ThrAanOluS arGlyTyrva lAapValLau ThrLeuLauA rgArgValMa tLauAapThr earAanThrL auphaLnuAii gllaProLau
QACGqtacta aaattttcac tctcacatct tqaccatctg tcctttact. . . - 3 . 5 kb...

Exon VI (aa 210-240)
CCtflCflqAAA OTOCTATCOT OOTTAAAATC CAAOGTTATT TTOATOCATG OCAAOCTCTC CTCATCAAAC CAOACATCTT CTTTAAGATT TCTTOOCTAT ACAAAAAGTA TOAGAAOTCI

luB atAlallava ivalLyalla OlnOlyTyrP haAepAlaTr pGloAlaLau LaullatyaP roAapIlaPb aPhaLyalla BarTrpLauT yrLyaLyaTy rOluLyasar
giatflttgtBa ttacaacttt gqaagattta tgagatcaat tggattqgtt tttttccctt gtqtctttqc tgttttcttg gcctctcagg taacttttct gctctctaga gcccacaagg
gagctgttga ttaagttgct gatgaaacac ttttttacag caatttggct qcatttggcc agaccagaga gtaaatgaag cctttgctqg caqctctcgc agggct....... -3.0 kb...
Exon VII (aa 249-206)
atcttagcta actctggcac cttaacatga agtgtagggt ctatgtaatt taagggtatt tatgaagaaa taaaatagta attcacttac tcataagcac caatgttttc aattaaagca
qtcattttac ctaaatacat ggcaaataaa tctgtttcgc taqatgtcta aactgagtaa aaatagacaa tattttaact ttttttccaq CAAOOATTTO AAAOATGCCA TAOAAGTTCT

ILyaAaptau LyaAapAlal laOluValLa
OATAGCAOAA AAAAOACOCA OGATTTCCAC AOAAOAOAAA CTOGAAOAAT OTATGOACTT TOCCACTOAO TTOATTTTAG CAGAQotact oacctqaact aactqtaatt cccatgccac
uIlaAlaOlu LyaArgArgA rgllaBarTh rOluOluLya LauOluGluC yaHatAapPh aAlaThrOlu LaullaLauA laOlu
atatgttatg actgtgtaga ggtgtgtaaa gatccccttt tgtaactgtt gcatatttct gcttttaaat acgggctcta gcagttctgt aatcccaatc caaatagccc acacattaga
tatttcagta aggcttttaa gattccaaca ttctagtaag actgactgct aagattgtga ctctctgtqt aacagtataa atatgaaaca gt....-2.5 kb....
Exon VIII (aa 207-340)
tacatataca tagacagtcg gcctatacgt tcatctttca gctaaagatt gtcatgtaaa atgtccacag tcaatcacag agacatgtgg tttctatgat ttcattttgt tgaggttgtt
gatccttgag tgtcacctcc cctcattttt tgaaactttg attcactttt ccaaattttt cccatcttcc aatttgattc acttttccaa atttttccca tcttccaatt attcaoAAAC
OTOGTOACCT OACAAGAGAO AATGTOAACC AOTOCATATT OOAAATOCTO ATCOCAOCTC CTOACACCAT OTCTOTCTCT TTGTTCTTCA TOCTATTTCT CATTOCAAAO CACCCTAATG
rgGlyAapL# UTbrArgOlu AanValAaoO loCyallaLa uGluMatLau IlaAlaAlaP roAapTbrKa tSarValBar LauPbaPbaK atlauPbaLa uIlaAlaLya HiaProAanV
TTOAAOAOOC AATAATAAAG GAAATCCAGA CTGTTATTGq taaoaattta tcaaataaat aatacatctt taaaaaccaa tttcttctga atatccattt cttatgtcct aagaatctga
àlOluGluAl allallaLya GlullaOlnT hrValllaO
tatcaaacat gaaattttat aattgctcca accataagca agacattctg tcacatttga ttacaccaga tagacggaaa gataqctctt tctgtgttc....-2•5 kb..
Exon IX (aa 341-421)
tagatagagc acattttttt caccagagaa cqtctgtgaa aaaaatagaa gctttaatac caatcacaga tggaaactaa cattaccttc tttgttcctt ttatctqttt ccacaaOTQA
OAGAOACATA AAOATTOATO ATATACAAAA ATTAAAAOTG ATOOAAAACT TCATTTATOA GAGCATGCGG TACCAOCCTO TCOTOOACTT aOTCATOCOC AAAOCCTTAO AAGATOATOT
uArgAapIla LyallaAapA apIlaGioLy aLauLysval HatOluAanP hallaTyrOl uflarMatArg TyrOlnProV alValAapLa xiValHatAcg LyaAlaLauG luAapAapVa
AATCGATGOC TACCCAOTOA AAAAOOOOAC AAACATTATC CTGAATATTG OAAOOATOCA CAOACTCOAO TTTTTCCCCA AACCCAATOA ATTTACTCTT OAAAATTTTO CAAAGAATat
lIlaAapGly TyrProvalL yiLyaGlyTh rAanllatla LauAanllaO lyArgKatHi aArgLauOlu PhaphaProL yaProAanOI uPhaTbrLau OluAanPhaA laLyaAan
&&ggagccca ttcctta,...-1.25 kb..

Exon X (aa 422-503)
ccagtttcag aatgaatcaa acagagactg agtgactcta gccttaatat tctggcaact qtctoatcat tttcataaOT TCCTTATAOG TACTTTCAOC CATTTOOCTT TOQOCCCCQT

Va iProTyrArg TyrPhaOlnP tophaOlyPb aGlyProArg
ggCTOTOCAO OAAAOTACAT COCCATGOTO ATOATOAAAG CCATCCTCGT TACACTTCTO AOACOATTCC ACGTOAAOAC ATTOCAAOOA CAGTOTOTTG <A0AGCATACA OAAGÂTACAC 
OiyCYBAlaG lyLyaTvrll aAÎ^MatVal MatMatLyaA,lallaLauVa iThrLauLau ArgArgPhaK laValLyaTh rLauOlnGly GlnCyaValG luaerllaOl nLyallaHla 
OACTTOTCCT TGCACCCAOA TGAOACTAAA AACATGCTOO AAATOATCTT TACCCCAAOA AACTCAOACA OOTGTCTOOA ACACTAGACA ACCCTGCTCA CTACCCACTC TCCACCATTT
AapLauearL auHlaProAa pOluThrLya AarvMatLauO luMetllaPh aThrProArg AanfletAapA rgCyaLauGl uHlaEnd
CTCATCACTA GTTCACATAC AAATCATCCA TCCTTGCCAA TACTCTCATC CTCACACTCA ACACTCACTG GCCCATCCCA TTTTATAGCC ATACCTCCTA TCCCTTCTCA CCAACCTACG
TCCTATTCCT CATCTGCTCC TCTTCACACC AGACAACCAC CCTACAAGAG AAAAACCAGA CGCCAAGACT TTCAGCGGAG AAATACTCGG TGAACAAACC CTATCCATAA AGACCCGATT
CCACCAAATG TGCTTTGACA AGÜATAGCCC TTCATTAACA AAATGTATCT CTCGTTCCCC AGTACACCTC TACTGCCTCA ACCAACCGGA TTTTTATCTC TGGGCCACAA ACACTCAACT
TCATTACAAA CACCACGCCA ATCTCAGGTA CCTGCCCCCA AACCCACCTC CTAGTGTGAA TTAAACTACT TTAATTTTGT TTTCTGTGGA CGTCCAAAAG CAACATTCAT ACTCTTTGCA
GAAATGCTTA GAAATTCAGC ATTTGACCCT TCCTCTGAAT TAAGCCCAAT TAATTCCTCT TTCTCTACAT ATGATCTGTC TGTGGCAAAA GTTTAATCAG AGGAAATTCT TTCCCACTCT
CTCGATTTAT CCCTCAGCCA CTTGCCTGTC CTACAATTCA TTCTCTTACC TGTAGATTCA GGTAATACAA ACTATATATA ATCATCAACT AATACAAACT AATTTAGTAA TAGCCTCCGT
TAAGTATTAT TACGGCCCTC TGTCTCCTGT AGAAAAAAAA ATTCACATGA TGCACTTCAA ATTCAAATAA AAATCCTTTT GCCATGTTCC CATTTTTCCT TACCTCAATT ACTGTGCCTA
ACCAAGAGAT AACTCTAAAT CTCACATTGA TTTGCTCTTA CTACAGCTTC ACTCATTGGO CGACCAAAAC TCCCAACCCA ATGCGCTCAA ACTTCTAACG CGTACTCCTC TCATCCCCTT
ATCCTTCTCC CTCGACATTT TCTCCCTCTT TCTTCCCATG ACCCCAAAGC CAAGGCCAAC AGATCACTAA AGAACCTCCT CACACTAGAA CCCCTCAACT ATTTTTTAAT CCTACCTCAA
AATTTAACAG TTACCTCAGA CATTTAACAT TATCTAGTTC ATTGAATCAT TCTATGTGGT CATGGATAAA TTGCACACCT TGGAATTCCC TTTCTAAAGC AAATCAAATC AATCCACGAA
CTTTCCAAAC ACCACTTTAC TTGTCTTATA TAGCCAATAT AACTATCTCT ACTGAATGTC ATTCAAAAAC TAAAAAATTA AACTTATTTA CAAATAGGTa aatatttgtc attgaatcca
ttgccatccc atttgactgt tcttttcatc ctactgtcta gtaataagct gagtctaaga tgacagtgta actccctgaa agcaggagct acttctttct ttttgtaatc tatttccatc
ccatttcctg tctgtctcct gtatcactcc agctcaqtct gatagacatc tgctcagaga t

Legend:

The sequence of the exon-intron boundaries of the translated portion of the human aromatase 

gene. The exon-intron boundaries are underlined.
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2.4kb (Simpson et al., 1987) The regulation of aromatase gene expression was studied in 

human adipose tissue stromal cells using northern analysis to evaluate the stimulatory and 

inhibitory effects of the various factors previously shown to regulate aromatase at the cellular 

level. The regulation of the human aromatase gene is subject to similar constraints as the 

regulation of aromatase activity, in that the expression of the gene is stimulated by Btg-cAMP, 

an effect which is potentiated by phorbol esters but inhibited by EGF, TGFa, TGFB, IL-16 and 

TNF (Mendelson etal., 1990).

The structure of the human aromatase gene has been partially deduced and is the largest of 

the genes encoding the cytochrome P450 enzymes so far characterised. There appears to be 

only one aromatase gene in the human genome (Corbin et al., 1988) and the gene has been 

mapped to chromosome 15, band 15q21.1 (Chen etal., 1988).

The structural gene extends more than 72kb in length, and the enzyme is encoded in 9 exons. 

In addition to these, there are at least 2 untranslated exons, 1.1 and 1.2 (Kilgore et aL, 1992). 

These two untranslated exons are alternatively spliced onto the aromatase message to give two 

populations of mRNA with different 5’ ends. The second exon contains the start site of 

translation and encodes the putative membrane spanning region. The tenth exon contains the 

putative heme-binding region and the two poly A^ signals. Like exon 1.1, exon 1.2 is untranslated 

and is spliced onto the second ATG containing exon (exon II) at the same splice junction as 

exon 1.1. Polymerase chain reaction (PCR) experiments have shown that the promoter of exon

1.2 (PI.2) is used to initiate aromatase expression in term placenta and foetal liver. However, it 

would appear from northern analysis that the majority of the aromatase transcripts in placenta 

are initiated from the promoter of exon 1.1 (PI. 1) the population of transcripts containing exon

1.2 in placenta being much smaller. This sequence was also isolated from human 

choriocarcinoma-derived JEG-3 cells and from foetal liver. Polymerase Chain Reaction (PCR) 

techniques have failed to identify this exon in adult tissues.
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The 5' flanking sequence of the gene contains putative CAAT and TATA box sequences with 

homology to cAMP-, phorbol ester- and glucocorticoid-response elements which have been 

characterised in other eukaryotic genes.

Mahendroo et al. (1991) extracted placental poly A^ RNA and used this in primer extension 

analysis, along with S-1 nuclease protection assays, to determine the start site of transcription 

of the gene in human adipose tissue. The putative CAAT and TATA sequences found upstream 

of the first exon 1.1 were suggested to be the predominant promoters in placenta. However, the 

placental promoter was not found to be responsible for the expression of aromatase mRNA in 

adipose tissue, nor was the secondary placental promoter (PI.2) located upstream of 

untranslated exon 1.1. The results indicate that another promoter sequence upstream of exon 

II (promoter 11.1) is utilised to initiate transcription of aromatase in human adipose stromal cells 

in culture (Fig 1.6).

Hence, the aromatase gene is regulated in several ways, possibly via the use of alternative 

promoters in different tissues and of different poly A^ signals. The use of such alternative 

promoters in different tissues may provide an insight into the regulation of aromatase expression 

at the level of the gene. A greater understanding of the regulation of this gene will help to 

increase our understanding of the role oestrogens play in breast and other oestrogen- 

dependant cancers.

13. Aromatase and Breast Cancer.

There is much interest in the presence of aromatase in breast cancer and in breast adipose 

tissue since intra-mammary aromatase could generate oestrogens that may act in a 

paracrine/autocrine manner to effect the development and/or maintenance of breast tumours. 

O’Neill etal. (1987) measured local oestrogen biosynthesis within breast adipose tissue samples 

taken from women with either benign or malignant breast disease and found aromatase
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Figure 1.6. Putative Promoter Regions of Aromatase Cytochrome P450. (Mahendroo etal., 

1991).

Placenta

Ad ipose

PI.1

-Exon ;

7
PI.3

Legend:

In placenta, the major promoter Is PI.1. A small population of transcripts are under the control 

Of promoter PI.2. There are also 2 probable promoter sites for adipose tissue, denoted by PH 

and P?.
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activity to be higher in adipose tissue taken proximal to carcinomas as compared to benign 

lesions. No association was reported between oestrogen receptor positive tumours and high 

levels of aromatase activity, nor did aromatase activity appear to correlate with age or 

menopausal status of the patient. Subsequent studies by this group measured the aromatase 

activity in adipose tissue obtained from all four breast quadrants taken at the time of 

mastectomy from 12 patients with malignant breast disease (O’Neill etal., 1988). While levels 

of activity varied greatly between patients and between individual quadrants of the same breast, 

activity was detected in all samples, and in all cases, the quadrant bearing the tumour was 

found to contain the highest aromatase activity. Two possible explanations for this observation 

were put forward, one being that the presence of a tumour might stimulate aromatase activity 

in the surrounding tissue. Alternatively, high aromatase activity in a particular breast quadrant 

may have provided an oestrogen-rich environment in which the growth of a cancer would be 

encouraged. These and other studies indicate the importance of local oestrogen synthesis within 

the breast.

However, Thijssen et a/., (1991) performed similar studies, the findings of which were not 

completely in agreement with the earlier study by O’Neill et ai. Similar variations of aromatase 

activity were observed between patients and in the different quadrants of the same breast. 

However, while O’Neill etal, (1988) estimated aromatase activity by measuring the generation 

of tritiated water via the aromatisation of tritiated androstenedione, Thijssen etal., (1991) used 

a different assay involving purification of the oestrogen end products He. as opposed to the 

measurement of a reaction by-product). When the results of Thijssen’s study were expressed 

per gram wet weight of tissue, the aromatase activity in tumours was higher than in the 

surrounding adipose tissue. However, when expressed per mg DNA, the aromatase activity was 

higher in the adipose tissue than in the tumours and there was no evidence for increased 

aromatase activity in adipose tissue taken from the quadrant bearing the tumour. Thijssen etal 

argued that the tritiated water release assay gives misleading high and unreliable results. They
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also pointed out that the tissue homogenates investigated by O,Neill and colleagues were more 

difficult to define in terms of cellular content when compared to the whole tissue samples used 

in their studies. Finally, the group of patients participating in Thijssen’s study were Polish and 

there is a lower incidence of breast cancer in this country compared to the U.K. which may have 

had an effect on the results. Notwithstanding these differences, the study by Thijssen indicates 

that the way in which the results are expressed is important, and it would seem more accurate 

to express aromatase activity per mg DNA content since the wet tissue weight may contain a 

heterogenous population of cells. As only low activity was found and this did not correspond 

to tumour site, Thijssen concluded that the majority of the oestradiol in the breast was produced 

from circulating oestrone by the action of intra-mammary 176-hydroxysteroid dehydrogenase 

(176-HSD) rather than from circulating testosterone via local aromatase.

Intratumoural aromatase activity in primary breast carcinomas has been measured by several 

groups and has been reported to present in 63-72% of primary carcinomas (Upton etal., 1988; 

Silva etal., 1989; Miller etal., 1991). Having established the presence of aromatase activity within 

some breast tumours, conferring the potential for local oestrogen production, much attention 

has been devoted to the development of anti-oestrogen and anti-aromatase therapies for breast 

cancer.

14. Treatment of Breast Cancer with anti-oestrogen therapies.

14-1. Tamoxifen.

Tamoxifen is the treatment of choice for post menopausal women with advanced breast cancer. 

It is a non-steroidal anti-oestrogen first developed in 1967 by Harper et al. With this drug, 50- 

60% of oestrogen receptor positive patients respond well and their tumours regress. Treatment 

is relatively free from side-effects. An increase in disease-free survival has been consistently
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reported in adjuvant trials of tamoxifen (Baum, 1983; Ribeiro et a/., 1983.) However, not all 

cancers treated with tamoxifen will respond and those which do eventually fail and have a poor 

prognosis. It would seem that breast carcinomas become tamoxifen resistant and there are 

several theories as to why this resistance arises. It is known that breast carcinomas are made 

up of a heterogenous population of both hormone responsive and unresponsive cells (Jordan, 

1988). Therefore, it may be that the hormonally responsive cells are replaced by unresponsive 

cells as the oestrogen receptor positive segments of the tumour regress. However, it has been 

demonstrated that tamoxifen resistant tumours which, before treatment were oestrogen receptor 

positive, remain so even after treatment and subsequent relapse. There is a possibility that the 

oestrogen receptor in these tumours appears to remain intact but, for some unknown reason, 

is no longer able to mediate the anti-oestrogenic effects exerted by tamoxifen (Hawkins et a/., 

1990). Furthermore, around 10% of oestrogen receptor negaf/Ve patients respond favourably to 

tamoxifen therapy (Stewart, 1989).

A recent report in the Lancet by the Early Breast Cancer Trailists' Collaborative Group (1992) 

concluded that tamoxifen should be used as adjuvant treatment of post menopausal women 

with breast cancer, and suggested that although the median treatment time is 2 years, there 

may be beneficial effect from prolonged treatment, up to 5 years.

With regard to the prophylactic administration of tamoxifen, a randomised trial has recently been 

undertaken recruiting asymptomatic women from "high risk" groups (/e. those with a strong 

family history of breast cancer), to participate in an experiment to assess the possible benefits 

of long term anti-oestrogen therapy on breast cancer incidence. The main aim of the trial is to 

recruit post menopausal women and randomise the group into two populations, one taking 

tamoxifen, the other receiving placebo. The rationale behind the scheme is that the anti- 

oestrogenic effects of tamoxifen may prevent the growth and/or development of breast cancer 

in post menopausal women at high risk. However, some pre menopausal women have been
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admitted Into the trial, and to date, the doses of tamoxifen administered (20mg/day) do not 

appear to disrupt the normal menstrual cycle, raising several questions. Firstly, if the amount of 

tamoxifen is insufficient to disrupt ovarian function, it is unlikely to be effective as an anti

oestrogen. Secondly, the administration of such a compound might stimulate tumour growth in 

these women. There is also a legitimate concern that the administration of anti-oestrogen 

therapy in pre-menopausal women will affect the hypothalamic-pituitary-ovarian axis so as to up- 

regulate ovarian oestrogen output in order to compensate for the tamoxifen-induced decrease 

in oestrogen action. Indeed, tamoxifen is known to cause an increase of circulating oestrogens 

in pre-menopausal women (Ravin et a!., 1988).

Some animal studies suggest potentially adverse effects of long term tamoxifen administration 

as an endocrine therapy in breast cancer (Gibson eta!., 1990). For example, MCF-7 tumours 

transplanted into athymic mice grew if stimulated with oestrogen. While tamoxifen was found to 

inhibit this growth, the tumour resumed growth after tamoxifen withdrawal. Tamoxifen resistance 

and eventual relapse of these tumours was also encountered. When MCF-7 cells and cells 

derived from a hormone responsive human endometrial cancer (EnCalOl) were injected into 

athymic mice on contralateral sides, treatment with oestrogen induced both tumour types to 

grow. When tamoxifen was administered, growth of the MCF-7 tumours arrested, but growth of 

the EnCalOl carcinomas were stimulated further. In a second study to mimic long term 

treatment of these mice with tamoxifen, MCF-7 cells were injected into athymic mice and 

induced to grow in the presence of oestrogen. The oestrogen was then removed and the mice 

subjected to long term (6 months) tamoxifen therapy, during which the tumour regressed. 

However, at the end of the 6 month therapy, the tumours resumed growth again, without the 

requirement for further oestrogen stimulation. These MCF-7TAM (tamoxifen-stimulated) cells were 

shown to contain elevated numbers of oestrogen receptors compared to the oestrogen 

stimulated MCF-7 cells, although progesterone receptor levels were unaffected by tamoxifen. 

From this study it was concluded that tamoxifen must be, in some unknown way, acting through 

the oestrogen receptor. This tamoxifen-stimulated growth appears to be dose-dependant.
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Gibson et al. (1990) speculated that tumour growth is stimulated by the oestrogenic effect of 

tamoxifen and cite that "tumour flare" (ie. a transient increase in tumour growth) is often 

observed in women starting tamoxifen treatment. The simple withdrawal of tamoxifen will not 

arrest tumour growth as circulating oestrogens will be sufficient to maintain the oestrogen- 

dependant growth initiated by the drug. The authors point out that, in their system, only the pure 

anti-oestrogens were able to arrest the growth of both the MCF-7 cells and the EnCalOl cells 

in athymic mice.

Having noted these In vivo indicators against long term tamoxifen therapy, it must be stressed 

that rodent models for the growth of tumours are far from ideal. However, in view of the available 

data on the other effects of tamoxifen, and given the lack of data on the consequences of long 

term administration of this drug, it would seem prudent to err on the side of caution when 

administering tamoxifen as a prophylactic agent in otherwise asymptomatic women, lest it 

maintain and encourage the growth of a hormonally unresponsive tumour, or at least increase 

the circulating levels of oestrogens which may stimulate the development of a pre-existing 

tumour in the pre-menopausal patients. Since prophylactic administration would only be 

applicable in women with a high risk of breast cancer, such a use of this drug should be 

avoided until these side effects can be fully assessed.

14-2. LHRH Agonist Analogues.

LHRH agonist analogues are becoming increasingly used in the treatment of breast cancer, 

especially with respect to pre-menopausal patients. The rationale behind the administration of 

analogues is that gonadal production of steroid hormones is dependant on the pituitary 

gonadotrophins, LH and FSH, the release of which is controlled by GnRH. Acute administration 

of GnRH results in a rapid rise in plasma gonadotrophins, but chronic administration of GnRH 

or its analogues suppresses gonadotrophin release following down-regulation of the GnRH
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receptors. In pre-menopausal women, this treatment causes the circulating levels of oestrogens 

to fall to levels recorded in oophorectomised patients (Kiljn et al., 1984). Hence the effect of 

these analogues is to produce a medical oophorectomy and the effect on breast cancers 

resulting from ovarian oestrogen withdrawal is similar to that seen with surgery without the 

associated morbidity (Kaufman, 1989). In combination with tamoxifen, the GnRH agonist, 

Zoladex, has been shown to be an effective treatment of pre- and peri-menopausal women with 

breast cancer (Nicholson etal., 1990b).

15. Treatment of Breast Cancer with anti-aromatase Therapies.

As aromatase is the final enzyme in the pathway from the androgens to oestrogens, it is logical 

to target this enzyme for specific inhibition in attempting to treat oestrogen-influenced breast 

cancer. Inhibition of aromatase would be most effective in stopping the formation of oestrogens 

without compromising the production of any of the other steroid hormones.

Intratumoural aromatase has been reported to be important in breast cancer development and 

several groups have shown that patients with high levels of intratumoural aromatase activity are 

likely to respond better to anti-aromatase therapy than those with low or undetectable levels. For 

example. Miller et al. (1987a) described a sub set of patients with detectable intratumoural 

aromatase activity who were more likely to respond favourably to aminoglutethimide treatment. 

Paradoxically, intratumoural aromatase activity rose after treatment, although the cells from these 

tumours were still sensitive to aminoglutethimide in culture. A possible explanation for this may 

have been that the patients receiving aminoglutethamide were also on hydrocortisone 

replacement therapy and glucocorticoids are known to stimulate aromatase activity in vitro.
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15-1. Aminoglutethimide.

Aminoglutethimide was the first available aromatase inhibitor to be extensively studied. It is a 

type II aromatase inhibitor, which targets the P450 moiety of the enzyme, and therefore lacks 

specificity as it will inhibit other steroidogenic cytochrome P450 enzymes {eg. P450g^^). Since 

the conversion of progesterone to cortisol requires the action of cytochrome P450ç^y (17 a- 

hydroxylase; 17,20-lyase), glucocorticoids must be administered to patients receiving 

aminoglutethimide treatment. However, aminoglutethimide does inhibit aromatase, hence 

lowering circulating oestrogen levels, and the tumour regression rate following administration 

of aminoglutethimide to women who have failed on tamoxifen therapy is 31% (Brodie et a/., 

1986).

15-Z 4-hydroxyandrostenedione.

4-hydroxyandrostenedione is a type I aromatase inhibitor and is about 40 times more potent 

than aminoglutethimide (Brodie et a/., 1977). The more recently developed type I inhibitors of 

aromatase are much more specific and do not require cortisol replacement therapy. They are 

invariably analogues of the substrate and have no inhibitory action per se. However, when in 

contact with the active site of the enzyme, their metabolites become irreversibly bound and the 

enzyme ceases to function. Hence, type 1 inhibitors are "suicide inhibitors" since it is the action 

of the enzyme which causes its own destruction. This effect is irreversible and enzyme activity 

can only be re-gained if new enzyme is synthesised such that in theory, type I inhibitors should 

exert a long term effect on suppression of the enzyme activity (Miller, 1989).

As with aminoglutethimide, 4-hydroxyandrostenedione produces tumour remissions in 33% of 

patients (Hawkins etal., 1980). A complication with 4-hydroxyandrostenedione has been that the 

amount of drug required to produce maximal inhibition of oestrogen production has been



administered as intramuscular injection. Pain at the site of injection, lumps or sterile absesses 

at the injection site were the most common side effects. Less common side effects included 

lethargy and hot flushes. The formulation of the treatment prohibits oral route of administration 

(Coombes, 1990). Therefore, a number of other aromatase inhibitors are currently undergoing 

clinical trials, the aim being to find a drug which w ill induce maximum inhibition of this enzyme 

with minimum side effects.

15-3. CGS 16949A (Fadrozole).

Fadrozole is a non-steroidal aromatase inhibitor which is around 300 times more potent than 

aminoglutethamide in wAro (Steele etal., 1987). Aromatisation reactions were estimated in vivo 

to be lowered by around 80% following administration of fadrozole (Dowsett, 1991).

1&4. Clinical Potential of Aromatase Inhibitor Therapies.

Aromatase inhibition and the development of new and more effective, better tolerated inhibitors 

is clearly an area of great clinical importance as well as commercial interest. It is, however, 

interesting to speculate that the overall percentage of success is remarkably constant, either 

following surgical or medical oophorectomy, or the use of aromatase inhibitors of either type. 

The figure given for patients reaching objective remission on any of these treatments appears 

to be around 1 in 3 (ie. 33%).
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16. OBJECTIVES.

Given the implication of local aromatase activity in the initiation and/or maintenance of breast 

cancer, this project had 3 principal objectives:

1. To identify the frequency of detectable aromatase activities in benign breast lesions, 

breast carcinomas, breast adipose tissue and associated structures.

2. To develop and apply a novel PCR technique to quantify mRNA encoding aromatase 

in normal and abnormal breast tissues.

3. To establish any correlation between the levels of aromatase activity or mRNA and 

various clinical indices (/e. patient age, reproductive history, tumour grade and stage etc..)
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MATERIALS AND METHODS. 

CHAPTER 2.
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Tritiated Water Release Assay for the Determination of Aromatase Cytochrome P450.
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INTRODUCTION.

The most widely used method for measurement of aromatase activity is the tritiated water 

release assay which quantifies the release of tritium from the 1-6 position of a radiolabelled 

substrate (either androstenedione or testosterone) into the aqueous phase of the reaction 

mixture.

In the experiments described in this thesis, aromatase activity was assayed in microsomal tissue 

preparations using [1-6 ^H] androstenedione as the substrate for the reaction. Although the 

tritium atoms of the substrate are predominantly in the 16 orientation, around 20% are in the a 

orientation. In theory, only the tritium in the 6 orientation is incorporated into the aqueous phase, 

but some of the a tritium is also released as background exchange into the aqueous phase, and 

this must be taken into account when calculating the activity of aromatase present in the 

sample. [1-6 ^H] androstenedione is used as a substrate in preference to [ la ,26] or [1,2,6,7] 

tritiated substrates because the presence of only one tritium atom on the substrate minimises 

non-specific exchange to the aqueous phase which is important when attempting to detect low 

levels of aromatase activity.
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MATERIALS AND METHODS.

2-1. Tissue Acquisition and Handling.

All samples were obtained at the time of surgery from women undergoing a variety of 

procedures for breast problems, including benign lumpectomy, malignant lumpectomy, 

segmental mastectomy and total mastectomy.

Samples of adipose tissue were taken from each of the breast quadrants of patients undergoing 

total mastectomy for malignant disease, or locally from those undergoing segmental mastectomy 

or lumpectomy for either benign or malignant disease. 2-3g of adipose tissue was removed from 

each quadrant (mastectomy), or proximal to the tumour (lumpectomy), quick frozen in liquid 

nitrogen and stored at -7QPc until assay.

Sections of tumour tissue from all malignant lesions and some benign lesions were taken for the 

aromatase assay and were handled in the same way as the adipose tissue. In addition, sections 

of the malignant lesions were taken for determination of the oestrogen receptor content. Where 

available, adipose samples from the axillary contents and node samples were also taken and 

treated in the same way as the adipose samples.

2-2. Microsome Preparation.

Samples were thawed on ice, finely minced with a scalpel and homogenised thoroughly in 10ml 

phosphate buffered saline (PBS; Sigma, Poole, Dorset) using an Ultra Turrax homogeniser. This 

homogenate was then centrifuged at 800g in a bench top centrifuge at +4°C for 20min to 

separate the lipid layer and cellular debris. The supernatant was transferred to Beckman (70Ti) 

thick walled polymer ultracentrifuge tubes and ultracentrifuged at 100,000gr for Ihr at +4°C in 

a Beckman Ultracentrifuge. The resulting microsomal pellet was resuspended in 600pl ice cold



Typical cpm for each control:

Control 1 2 3 4 5

cpm 20069.36 27.25 112.56 910414.64 2099869.70(A) 

5345533.0(HOH)
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PBS and stored at -70°C until assay.

2-3. Tritiated Water Release Assay.

Aromatase activity was assayed using a modification of the method previously described by 

Thompson & Sitterii (1974). SOOpI of the microsome preparation was incubated in sealed glass 

tubes with 6(X)pl of an NADPH generating system (lOmM Glucose-6-Phosphate; 1U/mlGlucose- 

6-Phosphate Dehydrogenase; ImM NADPH, Sigma) containing IpCi (36pMol) [IB-^H(N)]- 

Androst-4-ene-3,17,dione (DuPont, Stevenage, Herts.), for 3 hours at 37°C. For each assay the 

following controls were run in triplicate:

1. SOOpI placental microsomes (positive control).

2. 5(X)pl of 1.5mg/ml bovine serum albumin (BSA) (negative control).

3. SOOpI PBS and [1-6 ^H] Androstenedione for the determination of substrate recovery.

4. SOOpI PBS and ^HOH for the determination of ^HOH recovery.

5. 6 X SOOpI PBS to use as quench medium for the determination of total counts of ^^H]

androstenedione and ^HOH.

After the 3hr incubation, the reaction was stopped and the protein precipitated by adding 400pl 

of a 30% (w/v)solution of trichloroacetic acid (TCA; BDH, Poole, Dorset). The steroids were then 

extracted using 5 volumes {ie. 7.5ml) of ice cold chloroform (BDH). After vortexing and 

centrifugation at 700p for 30min at +4°C, 1ml of the aqueous layer was decanted and 

transferred to a fresh glass tube, carefully avoiding the interface, and residual steroids were 

extracted with 1ml charcoalidextran (5%:0.5% w/w, BDH and Pharmacia, Milton Keynes). This



Typical cpm for each control:

Control 1 2 3 4 5

cpm 20069.36 27.25 112.56 910414.64 2099869.70(A)

5345533.0(HOH)
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was vortexed and centrifuged at 3000g for 30min (in a bench-top centrifuge) at +4°C. 1ml of 

the aqueous supernatant was added to 10ml scintillation fluid (UltimaGold, Canberra Packard, 

Pag bourne, Berks.) and counted for lOmin on the tritium channel of a Beckman Liquid 

Scintillation Counter.

2-4. Protein Determination Assay.

A protein determination assay was employed (BioRad, Hemel Hempstead, Herts.) utilising a BSA 

standard curve. Absorbances at 595nM were linear for BSA in the concentration range 0- 

1.4mg/ml (Appendix 3). Since protein concentrations in the patient microsome preparations 

ranged from 0.5-8mg/ml,the patient samples were diluted in order to maintain the absorbance 

readings within the linear range of the calibration plot.

2-5. Calculation of Results.

The radioactivity quantified in tissue samples was corrected for the tritium estimated in the 

androstenedione recovery tubes. Since the ^HOH quantified represents 1/3of the original total 

aqueous volume, the final value was multiplied by 3. Since only the 1-6 tritium is incorporated 

into water, and some 33% of the radiolabel was estimated to be present in the 1-a position for 

the substrate batch used, a correction factor was also introduced for the exchange of this 

radiolabelled hydrogen into the aqueous medium. The value was finally divided by the specific 

activity of the substrate and corrected for the protein content of the sample to determine 

aromatase activity expressed as fmol oestrogen/mg protein/3hr and all results in the presented 

data are expressed in these units. Tissue samples were taken to be positive for aromatase 

activity if the generation of tritiated water exceeded the calculated mean activity level present 

in the negative control BSA samples. The calculation is shown in Appendix 3.
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2-6. Validation of the Aromatase Assay.

This assay has been extensively validated in the laboratories of Prof. Simpson in Dallas. The 

assay was validated by the oestrogen product isolation using thin layer chromatography 

techniques. The oestrogens were then recrystalised, confirming that the assay was indeed a 

measure of aromatase activity. However, as the aromatase assay was being established for the 

first time at the Royal Free Hospital Medical School, the following validation experiments were 

carried out:

1. Time course assay to assess linearity of the reaction in order to determine the 

maximum incubation time.

2. Inhibition studies to determine whether apparent aromatase activity could be 

inhibited using the specific aromatase inhibitor, 4-hydroxyandrostenedione.

3. Aromatase mRNA identification in the tissues of interest.

2-6.1. Time Course Experiments.

The aromatase assay was performed as described above for placental and adipose microsomes 

over a 6 hour time course, sequential samples being stopped at hourly intervals. Each time point 

was assayed in triplicate and the mean results from 3 experiments are shown in Fig 2.1. On the 

basis of these plots, it was decided to perform routine assays over a three hour time course 

since aromatase activity was no longer maximal beyond this point.
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Figure 2.1. Time Course of ^HOH Release from Adipose and Placental 

Microsomes.
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Ttie tritiated water release assay was performed on placental and adipose microsomes over a 

6tir time course. Rou tntkj, ttie assay was terminated after a 3tir incubation.
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2 -6 ^  Inhibition Studies.

Both placental and adipose microsomes were incubated as described previously, but in the 

presence ofa specific aromatase inhibitor, 4-hydroxyandrostenedione, at concentrations ranging 

from 1 nmol/L to 20pmol/L Each concentration was assayed in triplicate and the mean results 

of these studies are shown in Figs 2.2 a & b.

4-hydroxyandrostenedione induced dose-dependant inhibition of the aromatase activity at 

concentrations >lAmol/L,in agreement with previous publications (Killinger etal., 1988).

2-6.3. mRNA for Aromatase.

While the demonstration of mRNA for aromatase does not necessarily indicate translation into 

a functional enzyme, it does provide another control for the aromatase assay. For example, 

Brodie etal. (1990) measured "aromatase activity" in prostate cancers using the tritiated water 

release assay but were not able to detect mRNA for aromatase in this tissue. Hence, in the

studies reported in this thesis, the identification of mRNA encoding aromatase in adipose tissue

and tumour samples supports the measurment of aromatase activity by the tritiated water 

release assay. This is described in Chapter 6.

2-7. inter-assay comparisons (co-efficients of variation). -

The intra-assay co efficient of variation was 11.6%.

The inter-assay co efficient of variation was 18.5%.

Standard deviation X 100 

Mean ^



83

Figure 2.2 a. Inhibition Studies of 4-hydroxyandrostenedione in Placental Microsomes.
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Placental microsomes were incubated in the presence of the specific aromatase inhibitor, 4- 

hydroxyandrostenedione and complete inhibition was achieved at a concentration of 1 /zM. Each 

column represents the mean of three experiments and the error bars represent the standard 

error of the mean.
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Figure 2.2 b. Inhibition Studies of 4-hydroxyandrostenedione in adipose 

microsomes.
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Adipose microsomes were incubated in the presence of the specific aromatase inhibitor, 4- 

hydroxyandrostenedione and complete inhibition was achieved at a concentration of lOOnM. 

Each column represents the mean of three experiments and the error bars represent the 

standard error of the mean.
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2-^. Protease Inhibitors.

These experiments were performed to determine if protease inhibitors were required in the 

preparation of microsomes from adipose tissue, or if storage and processing at +4^C was 

sufficient to prevent the degradation of aromatase. Fresh or frozen adipose tissue was 

processed using PBS either with or without 0.2mM phenyl methyl sulphonyl fluoride (PMSF, 

Sigma) and 2mg/ml aprotinin (Sigma). Adipose tissue without the protease inhibitors present 

was processed at +4°C. Immediately after the microsomes were prepared, the aromatase assay 

was performed as described above. The results indicate that there was no advantage to using 

the inhibitors over processing microsomes at +4°C, Table 2.1. Furthermore, storage of the 

tissue at -20^C prior to the preparation of microsomes had no apparent effect on aromatase 

activity.



Table 2.1. Effect of Protease inhibitors on the Aromatase Assay.
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Adipose tissue Counts per minute ± SEM

Prep A. 483.23 118.62

Prep B. 518.46 20.36

Prep C. 362.30 47.23

Prep D. 602.20 59.89

Legend: 

Prep A 

Prep B 

Prep C 

Prep D

fresh adipose tissue with inhibitors 

fresh adipose tissue without inhibitors 

frozen adipose tissue with inhibitors 

frozen adipose tissue without inhibitors

Frozen tissue was stored for one month before processing. Each experiment was carried out 

once using 3 samples for each of the conditions described. The tissue was collected at the time 

of surgery and either frozen immediatley in liquid nitrogen and then transferred to -70°C for 

storage or removed (on ice) to the lab for further processing either with or without inhibitors. 

These experiments concluded that protease inhibitors were unnecessary in the processing of 

the material, and that keeping the tissue at 4°C while processing was sufficient to retain 

aromatase activity. Indeed the frozen sample without inhibitors appeared to contain twic«i the 

aromatase activity than the sample with the inhibitor mixture.
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Polymerase Chain Reaction (PGR) for the Quantification of 

Aromatase Cytochrome P450 mRNA.
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INTRODUCTION.

The Polymerase Chain Reaction (PCR) is a highly sensitive technique used for the detection of 

small quantities of deoxyribonucleic acid (DNA) or ribonucleic acid (RNA). This is achieved by 

dénaturation of the nucleic acid, followed by the annealing of oligonucleotide primer sequences 

complimentary to sequences flanking either side of the sequence of interest and synthesis of 

a complimentary nucleic acid strand between these primers using nucleotide bases present in 

excess in the reaction mixture. The advantage of using such a technique is its extreme 

sensitivity in exponentially amplifying the nucleic acid sequence of interest. However, there are 

disadvantages associated with this method. Firstly, there is the problem of oligonucleotide 

primer degeneracy (/e. the primer sequence is capable of recognising and annealing to more 

than one sequence in the nucleotide) which must be overcome if the primers are to be utilised 

to their full advantage and flank only the sequence of interest, allowing this and no others to be 

amplified. Secondly, false positive results can arise from contamination of the buffer solutions 

used in the reaction with small amounts of DNA or RNA. This is overcome by working in as 

clean an environment as possible, aliquoting all solutions from their containers into disposable 

vessels for single use only and controlling for the possible contamination of these buffers in 

each experiment by running a control reaction containing no DNA which, when amplified, will 

be negative for product providing the buffers are free of nucleic acids. Another technical 

problem with PCR is the so called "tube effect" whereby the amount of amplification achieved 

differs between tubes even within the same assay due to small discrepancies in the starting 

materials, perhaps due to pipetting errors or inaccurate measurements of initial amounts of RNA. 

This effect renders PCR qualitative and in order to quantify the end products of the amplification, 

an internal standard must be included in the reaction vessel so that differences in amplification 

can be corrected for.

The purpose of developing the competitive PCR technique described in this thesis was to 

quantify the mRNA encoding aromatase cytochrome P450 present in tissue obtained from
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several sources, including breast adipose tissue from normal and cancerous breasts, breast 

carcinoma tissue and tissue from benign breast tumours, as well as a variety of other sources. 

The relative amounts of aromatase message in various tissues was quantified so that intra-assay 

comparisons between patients or samples could be made. However, it was not possible to 

quantify absolutely the amount or copy number of the mRNA from the human samples by 

extrapolation from the end product of the PCR reaction to the starting amount of total RNA. The 

relative inaccuracies of pipetting and of quantification of initial amounts of RNA from 

spectrophotometric calculations allow too great a margin of error for such absolute calculations 

of starting copy number from an exponentially produced product to be made with any 

confidence. Instead, the calculations which can be made allow the comparison of mRNA levels 

within but not between assays.
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MATERIALS AND METHODS (USA AND UK).

2-9. Tissue aquisition and preparation.

All tissues were obtained at the time of surgery and frozen immediately in liquid nitrogen. 

Tissues were then maintained at -70°C until processed for RNA isolation.

2-10. RNA Isolation.

Total RNA was isolated by the guanidinium-isothiocyanate (Fluka; Glossop, Derbyshire)-caesium 

chloride (Gibco BRL; Uxbridge, Middlesex) method (Chirgwin etal., 1979) and was quantified 

by spectrophotometric absorption at 260nm.

2-11. Integrity off RNA- Northern Analysis and Blotting.

In order to ascertain whether or not a negative PCR result was due to the degradation of the 

RNA, samples from the negative specimens were electrophoresed through denaturing agarose 

gels.

Agarose gels were made up at 1.25% (w/v)in lOx concentrated gel running buffer (0.2mol/L 

MOPS pH 7.0, SOmmol/LNaAc, Immol/LEDTA pH 8.0) with 16% (v/v)formaldehyde (Sigma, 

Poole, Dorset, UK). The samples were denatured using formaldehyde (17% v/v)/formamide(48% 

v/v) before loading and the gel run at 100V for 2-3hrs.

The integrity of the RNA sample was judged by the presence of the 28S and 18S bands and 

visualised by staining with ethidium bromide. Fig 2.3 shows such a gel, with the 28S and 18S 

bands indicated.
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Alternatively, northern transfers were done electrophoretically onto Zeta probe membrane 

(Biorad, Richmond, CA, USA; Hemmel Hempstead, UK).

2 12. Rat Aromatase P450 cRNA synthesis.

Rat cytochrome P450 aromatase (P450 r̂qm  ̂ cRNA was synthesised from a rat P450 r̂qm cDNA 

clone (Lephart etal., 1990) in the plasmid Bluscript M13KS (Stratagene, San Diego, CA., USA). 

2.4pg plasmid DNA was linearised by Sail digestion at 37°C for Ihr, purified by treatment with 

proteinase K (Sigma; final concentration 0.2pg/pl) and then cRNA was synthesised using 17 

polymerase (Promega) in a Riboprobe System (Promega, Madison, Wl., USA). DNA was 

removed by treatment with DNase at a concentration of 1 unit/pg DNA. The RNA concentration 

was measured by spectrophotometric absorption at 260nm.
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Figure 2.3. Ethidium Bromide Stained Agarose Gel- Northern Analysis.

28S 
IBS

RNA Integrity was examined by denaturing gel analysis. Presence of the 283 and 188 bands 

indicated that the RNA was intact. Each lane (1-6) represents the RNA from 6 separate 

carcinomas. In order to demonstrate the integrity of the RNA, the 288 and 188 bands are 

depicted on this denaturing gel.
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2-13. Synthesis of the cDNA prot)e.

A [^^P] cytosine triphosphate (CTP) radiolabelled 579bp single strand cDNA probe was 

generated by asymmetric PCR from a human P450 r̂q,  ̂ cDNA clone (Corbin et a/., 1988). The 

3’ oligonucleotide (S' CCAATATTCAGGATAATGTT 3’) was complementary to nucleotides 1204- 

1223 of the human cDNA. The S' oligonucleotide (S' CACGCTCTTCTTGAGGATCC 3') was 

identical to the nucleotides 628-647 of the human cDNA. 47.7ng cDNA template, 288ng 3’ 

oligonucleotide, 3ng S’ oligonucleotide Ue. ratio of S'to 3' oligonucletides =1:100), 2.Smmol/L 

deoxyadenosine triphosphate (dATP), deoxythymidine triphosphate (dTTP), deoxyguanosine 

triphosphate (dGTP), 0.2Smmol/L deoxycytidine triphosphate (dCTP), Spl [^^P] dCTP 

(SOOOCi/ mmol) and 2.Sunits Taq polymerase (Cetus, Norwalk, CT., USA) in a final volume of SOpI 

were overlaid with ISOpI light mineral oil and amplified at OO'̂ C (Imin), 47°C (3min), 6S*̂ C (3min) 

for 40 repeated cycles. The buffer for this reaction consisted of SOmmol/LKCI, lOmmol/ITris-HCI 

(pH 8.3), TSmmol/LIVIgClg and 0.1% (w/v)gelatin. Northern analysis of the labelled partial cDNA 

was performed overnight at 42°C in a hybridisation fluid consisting of S0% (v/v)formamide, Sx 

SSC (0.7SM sodium chloride; 0.07SM trisodium citrate), SO mmol/Lsodium phosphate buffer (pH 

7), lOx Denhardt’s (0.2% polyvinylpyrrolidone, PVP; 0.2% BSA, 0.2% Ficoll), 2S0pg/ml salmon 

sperm DNA, 1% (v/v) sodium dodecyl phosphate (SDS), and 0.1% (vZv)sodium pyrophosphate. 

Northern analysis with a 30mer S’ [^^P] end-labelled oligonucleotide (S’ 

CTTCCTCTAGATAGTCAAGTTCGACCGTCT 3') specific for 18S ribosomal RNA was performed 

overnight at SS°C in a hybridisation solution consisting of 6x NET (0.9mol/LNaCI, 90mmol/LTris- 

HCI pH 8.3, 6 mmol/LEDTA), Sx Denhardt's, 0.1% SDS, lOOpg/ml salmon sperm DNA and 0.1% 

sodium pyrophosphate. Washings of increasing stringency with SSC/SDS were performed at 

room temperature and at the hybridisation temperature until the background radioactivity was 

low.
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2-14. Competitive PCR Oligonuceotide Sequences.

Synthesised oligonucleotides used as primers and radiolabelled probes for competitive PCR 

were as follows. (The oligonucleotides used in the UK were supplied by Severn Biotech, 

Kidderminster, UK; USA synthesis was performed "in house" at the Green Center). The sequence 

of the 20mer, 3’ oligonucleotide used for initial primer extension was 5’ 

TTGTTGTTAAATATGATGCC 3’ and was complementary to nucleotides 417-436 of the human 

cDNA and nucleotides 469-488 of the rat cDNA. The 20mer, 5’ ATACCAGGTCCTGGCTACTG 

3' was identical to nucleotides 166-185 of the human cDNA and nucleotides 217-236 of the rat 

cDNA. Both the 3' and 5’ oligonucleotides recognised sequences identical in the human and 

rat RNA. The sequence of the 23mer oligonucleotide used as a probe for the human DNA 

amplification product was 5' TAATGATTGTGCTTCATTATGTG 3’ and was complementary to 

nucleotides 340-362 of the human cDNA. The sequence of 23mer oligonucleotide used as a 

probe for the rat DNA amplification product was 5’ TAGTTGCTGTGCTTCATCACATG 3' and was 

complementary to nucleotides 391-413 of the rat cDNA.

2-15. PCR Amplification and Hybridisation.

For competitive PCR amplification experiments, both human and rat RNA were contained in the 

same reaction vessel for initial primer extension and subsequent amplification. The initial primer 

extension was performed at 42°C for Ihr using lOOpmol of the 3’ oligonucleotide, 8(X) units 

mouse mammary leukaemia virus reverse transcriptase (MMLV-RT; BRL, Gaithersburg, MD, USA; 

Gibco-BRL, Uxbridge, Middlesex, UK) and Immol/Lfinal concentration of each deoxynucleotide 

triphosphate (dNTP; Promega, Southampton, UK) in a final volume of SOpl. The reaction buffer, 

consisting of SOmmol/LKCI (BDH), 20mmol/LTris-HCI (pH 8.3) (Gibco-BRL), 4mmol/LMgCl2 

(Sigma), and 0.1 mg/ml nuclease free BSA (Gibco-BRL) was used for both primer extension and 

amplification. A master amplification mix was made containing lOOpmol of the 5’ oligonucleotide, 

SOpmol of the 3’ oligonucleotide, 40 units RNasin and 500mmol/L final concentration of each
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dNTP (Promega) In a final volume of 100|il. 20^1 of the primer extension reaction mixture, 80|il 

of the master amplification mix, and 5 units Taq polymerase (IBi, New Haven, CT, USA; 

Promega, UK) were overlaid with 150pl light mineral oil (Sigma) and amplified by repeated cycles 

at 93^0 for Imin, 40°C for Imin, and 72^0 for Imin. RNA was removed by treatment with RNase 

A (Sigma) at 37^0 for 30min and the amplification product was then either separated from other 

components of the reaction by electrophoresis in 2% agarose and electrophoretically transferred 

to a Zeta probe membrane, or solution denatured with 0.3moi/L NaOH and applied to Zeta 

probe In a slot blot apparatus (Schleicher & Schuli, Kenne, NH, USA). Southern analysis with 

the [^^P] end labelled 5’ oligonucleotide specific to the rat DNA amplification product was 

performed overnight at 62*^0 in hybridisation fluid consisting of 6x NET, 5x Denhardt’s, 0.1% 

SDS, 100pg/mi salmon sperm DNA and 0.1% sodium pyrophosphate. Southern hybridisation 

with the [^^P] end-labelled 5’ oligonucleotide specific to the human DNA amplification product 

was performed overnight at 55°C.

Washings of Increasing stringency with SSC/SDS (10%/0.1% v/v) were performed at room 

temperature and at the hybridisation temperatures until background radioactivity was minimal. 

Autoradiographs were quantified using a computerised laser densitometer (Molecular Dynamics, 

Sunnyvale, CA., USA). Exposure time was controlled such that the densitometry values were in 

a linear range.

2-16. Methodology Experiments.

The competitive PCR technique was established in Prof. E. R. Simpson’s laboratory in Dallas, 

Texas, where the original methodology experiments were carried out. The technique was then 

transferred to the laboratories of Prof. B. A. Cooke, Mr. S. P. Parbhoo and Prof. D. Chapman In 

London. Therefore, where required, some methodology experiments were duplicated in the USA 

and the UK. The results of such experiments are presented together in order to show that the 

method was successfully transferred to the London laboratories.
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2-16.1. Probe Specificity.

This experiment was designed to demonstrate that the probes for the human and rat PCR 

amplification products were specific and that they only recognised the 273bp product from the 

PCR amplification. Human placenta, rat cRNA and a combination of the two were all amplified 

according to the technique outlined above. The amplification products were then divided in two, 

electrophoresed through a 2% (w/v)agarose gel and transferred onto Zeta probe membrane. 

The membrane was then halved and the two identical components probed separately with either 

the [^^P] end-labelled 5’ oligonucleotide for the human or the rat PCR amplification product (Fig 

2.4). A 2% agarose gel was run with lOpg breast adipose RNA, 2.3pg cRNA and lOpg breast 

adipose RNA plus 2.3pg cRNA. This was Southern blotted and hybridised with the rat and 

human specific radiolabelled probes. The two autoradiographs show the membranes hybridised 

with the radiolabelled human and rat probes. The human probe recognised the breast RNA and 

combination lanes only whereas the rat probe recognised the rat cRNA and combination lanes. 

Hence, the human and rat probes are specific and recognised only the 273bp piece of DNA that 

is the amplification product of the PCR reaction.

2-16.2. Human and Rat RNA Concentration Curves.

Having established the specificity of the probes, the slot blot technique, as described above and 

illustrated in Fig 2.5, was employed to distinguish the two amplification products. This technique 

was more efficient than electrophoresis and electrophoretic transfer of the DNA onto membranes 

with respect to time and densitometric quantification of the autoradiographs. In order to establish 

the amount of human total RNA and rat cRNA that were required to give an optimal amount of 

PCR product, the two were amplified separately at increasing initial concentrations. The products 

were then slot blotted onto Zeta probe membrane and hybridised with their respective
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Figure 24. Probe Specificity.

RAT PROBE

e# 273 bp

HUMAN PROBE

273 bp

BREAST RATP45oarom COMBINATION 
RNA cRNA

Southern hybridisation of rat and human aromatase DNA amplification products with species 

specific ^^P-labelled oligonucleotide probes. 10^g of breast adipose RNA and 2.5pg of rat 

aromatase cRNA and a combination of the two were amplified for 30 cycles. Amplification 

products were divided into two equal portions, subjected to electrophoresis in a 2% agarose gel 

and transferred to Zeta probe. The filter was divided and each blot probed with the species- 

specific labelled oligonucleotide.
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oligonucleotides. The two autoradiographs show human adipose RNA alone (5-20pg total RNA) 

and the rat cRNA alone (2.3-36.8pg). The density of the amplification products clearly increased 

with the concentration of RNA (Fig 2.6). From these results, the initial concentration of human 

RNA was chosen to be lOpg, and the initial amount of rat cRNA was limited to 2.3pg in all 

subsequent experiments (unless otherwise stated). This ensured that the amplification reaction 

was limited by the initial amount of RNA, and not other components of the reaction {eg. dNTPs 

or buffer).

2-16.3. Human and Rat RNA Co-amplification Experiments.

To validate the use of the rat cRNA as an effective internal standard, increasing amounts of 

human adipose RNA (10 & 40pg) were co-amplified with a constant amount of rat cRNA (2.3pg).

The autoradiographs presented In Fig 2.7 show the human and rat RNA co-amplified and 

probed separately with their respective radiolabelled oligonucleotides. The density of the 

amplification product of the rat cRNA remained constant, while the human amplification product 

increased in density from 10 to 40pg RNA.

Following the above experiment, a full concentration curve was established, as shown in Figs 

2.8 a & b. The human RNA concentration was varied between 5 and 40pg while the 

concentration of rat cRNA was held constant and the two were co-ampilfied. The resulting 

products were hybridised with the [^^P] end-labelled 5’ oligonucleotide probes. The subsequent 

densitometry analysis showed that the amplification of human RNA was linear at 5-10pg RNA, 

whereas the rat cRNA internal standard remained at 2.3pg. The positive controls run in each 

experiment were human placental RNA and rat cRNA amplified alone which established any 

cross-reactivity of the probes and demonstrated that the reaction was working in each 

experiment. A negative control with no RNA was also included.



Rgure Z6. Human and Rat RNA Concentration Curves.
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Figure 2.7. Co-amplification of Human and Rat RNA.
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Human and rat RNA were co-amplified, with the rat as the internal standard (2.3pg) and the 

human RNA at lOpg and 40pg. A notable difference is seen between the two human products 

while the rat product remains constant.
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Figure 2.8a. Concentration Curve of Human and Rat RNA (USA).
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Co-amplification of breast adipose RNA and rat aromatase cRNA, showing an increase in breast 

aromatase amplification product with increasing initial amounts of breast RNA (10-40/xg) were 

co-amplified with 2.3pg rat cRNA. Each sample was tested in duplicate, with duplicate 

amplification reactions for each primer extension. Product yield is represented as a corrected 

percentage of the total volume density (mean^SEIVI).
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Figure 2.8b. Concentration Curve of Human and Rat RNA (UK).
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amplified with 2.3pg rat cRNA. Each sample was tested in duplicate and amplification reactions 

for each primer extension. Product yield is represented as a corrected percentage of the total 

volume density (meansSEM).
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2-16.4. Linearity of the Densitometry using both a placental and adipose time course reaction.

As stated in section 2-15, densitometry of autoradiographs is not linear and a suitable exposure 

time must be established within the linear range of the autoradiograph. To this end, a time 

course experiment was run in which development time of the autoradiograph (hours) was plotted 

against % total volume densitometry. This was performed for both human placental RNA co

amplification and a human adipose RNA amplification (Fig 2.9). The optimal time course for 

development of the autoradiographs during which they remained linear, was determined to be 

between 24 and 48 hours.



Figure 2.9. Linearity of Densitometry, placental and adipose.
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The probed concentration curve membranes from Fig.2.8b were serially exposed using pre

flashed film for a time course ranging from 12-72hrs. Two sample exposures are shown, 24 and 

72hrs. The linearity of the densitometry was measured using representative samples of adipose 

and placenta. Each point represents the mean of three measurments.
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2 17. Collagenase Digestion of Adipose Tissue and Differential Centrifugation.

Breast tissue was separated from the overlying skin, finely minced and then incubated at 37^0 

for 45min in Kreb’s Bicarbonate buffer containing BSA (0.6 mg/ml) and collagenase (Type V, 

Miles Laboratories, Elkhart, IN). Undigested tissue was removed by filtering through a guaze 

mesh and the preparation was the centrifuged at 400g for lOmin. The floating adipocyte layer 

and pelleted fraction were then processed separately. Each was washed in Kreb’s buffer by 

resuspension and recentrifugation. Floating adipocytes were removed from the underlying buffer 

and frozen in liquid nitrogen as was the pelleted fraction after removal of the buffer.

2-18. Immunocytochemistry.

Freshly pelleted cells from breast tissue samples were spun onto p6iy-L-lysine-coated glass 

slides using the cytocentrifuge. Some were air dried and stained for morphology (Differential 

Quick, Baxter, Miami). Most were stored at -20^0 until used for immunocytochemistry. Samples 

were stained for intermediate filament vimentin using murine monoclonal antibody (anti-swine 

vimentin, M725) and for cytokeratin using either a monoclonal antibody (anti-human cytokeratin, 

M821) or rabbit anti-bovine keratin antiserum, all obtained from Dakopats (Carpinteria, CA). 

Optimal concentrations of each were predetermined using abdominal fat stromal cells (vimentin), 

cultured breast epithelial cells (polyclonal anti-cytokeratin), and endometrial tissue sections 

(monoclonal anti-cytokeratin). Intermediate filaments were stained using either an avidin- 

biotinylated peroxidase procedure (ABC method. Vector, Burlingame, CA) when monoclonal 

antibodies were used or indirect immunofluorescence when using the polyclonal antibody. Slides 

were stained for monocytes/macrophages using either the KB90 or EBM11 murine monoclonal 

antibodies (Dakopats) and visualised using an alkaline phosphatase-anti-alkaline phosphatase 

(APAAP) technique. Optimal dilutions were determined on peripheral blood mononuclear cells. 

Endothelial cells were identified by indirect immunoflourescence with a murine monoclonal 

antibody to Factor VIII (Boehringer Mannheim, Indianapolis), tested previously on human



107

umbilica vein endothelial ceils.

For indirect immunofi uroscence, slides were fixed in -20^C methanol for 5min and exposed to 

murine monoclonal anti-Factor VIII or rabbit anti-keratin for 30min, followed by fiuorsceinated 

donkey anti-mouse IgG or goat anti-rabbit IgG, respectively. Crossreactivity to human serum 

proteins had been removed from both secondary antibodies (Jackson Immunoresearch 

Laboratories, West Grove, PA). After final PBS rinse, slides were coverslipped with 90% glycerol 

to minimise quenching and observed on a Zeiss Photomicroscope II equipped with 

epifiuorescent illumination. For other intermediate filament staining, cytospin samples were fixed 

In -200 acetone for 5min, rinsed in PBS and exposed sequentially to the following: normal 

blocking serum (20 min), primary antibody (30 min), biotinylated secondary antibody (30 min),

0.5% HgOg in methanol to block exogenous peroxidase reactivity (5 min), avidin-biotinylated 

peroxidase complex (45 min) and the substrate, aminoethylcarbazole (AEG) with 0.01% HgOg 

(15 min), with PBS washes in between. Slides were counterstained with haematoxylin and 

mounted with GVA Mount aqueous mounting medium (Zymed) for observation by routine light 

microscopy. For macrophage staining, slides were fixed at room temperature in acetone for 10 

min then exposed sequentially to: primary antibody (60 min), F(ab')^ fragment of goat anti

mouse IgG with a minimum crossreactivity to human IgG (30 min), APAAP complex (30 min) and 

the substrate (Img fast blue salt/1 ml buffer, 30 min), with washes in Tris-buffered saline in 

between. After a final wash, slides were coverslipped without counterstaining in GVA mount for 

observation by light and phase microscopy. For each slide, several hundred cells were counted, 

with fields at random, and the percentage of positive ceils calculated. For each staining regimen, 

control slides were treated in the same fashion except buffer was substituted for primary 

antibody. These all yielded negative results.
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2-19. Oestrogen Receptor Analysis.

The carcinoma samples were sent to Biociinical Services Ltd., Cardiff for oestrogen Receptor 

concentration analysis by radio receptor assay techniques. All results were expressed as 

fmol/mgDNA.

2-20. Statistical Analysis.

Several statistical methods were employed to analyse the results described in this thesis. The 

data was first entered into a data-base and the analysis done using the SPSS.PC package 

(SPSS, Chicago, Illinois). The distribution of the data for both the benign and malignant results 

was found to be skewed and the values were log^Q transformed to give a normal distribution 

before any of the statistical analyses were employed and the Kolmogorov-Smirnov Goodness 

of fit test demonstrated that the log distribution was normal. The results described in this thesis 

are the anti-log transformations of these results.

When 2 variables were tested against each other, Chi-Squared was used to test if the observed 

differences were statistically significant. The student ftest was used to compare the differences 

between 2 means where 2 variables were tested. One way analysis of variance (ANOVA) was 

used to compare the means of several variables. The Mann Whitney U Test was only employed 

for non-parametric data. Multiple Regression tests were employed to compare several significant 

variables, testing which was the most significant. The Tukey procedure and the Kruskal-Wallis 

one way AN OVA were used in parallel to test the significance of the data. The former is a test 

for parametric data comparing ranked variables, the latter a test for non-parametric data. All the 

statistical tests are defined in the text and corresponding P values are given, P < 0.05 is taken 

to be statistically significant (Altman, 1991).
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APPUCATIONS OF 

THE COMPETmVE POLYMERASE CHAIN REACTION (PCR) TECHNIQUE.

CHAPTER 3.
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INTRODUCTION.

In order to understand how the aromatase enzyme complex Is regulated in the pathological 

state, it is necessary to appreciate how expression varies in normal tissues. Therefore, the 

preliminary investigations described in this chapter employed the competitive PCR technique 

to compare the levels of aromatase mRNA in:

1. Breast adipose tissue collected from reduction mammoplasty surgery to investigate the 

expression of aromatase activity in breast adipose tissue that, while behaving 

abnormally, lacks a discrete lesion.

2. Adipocyte and stromal cell populations of human breast adipose tissue, which was 

essential for the subsequent investigation of breast adipose tissue.

3. A range of human foetal tissues, since foetal and tumour tissues are in some ways 

comparable. In that both are characterised by their rapid proliferation and differentiation.
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1. DETERMINATION OF THE LEVELS OF AROMATASE mRNA IN REDUCTION 

MAMMOPLASTY TISSUE.

RESULTS.

Adipose tissue from 5 women undergoing reduction mammoplasty surgery was collected and 

frozen In liquid nitrogen and then stored at -70^0 until processing. RNA was extracted from the 

sections of the tissue, ie. superior, Inferior, medial, lateral and central, dependant on the surgical 

procedure.

RNA (20pg) from the samples removed from each patient were analysed separately using 

competitive PCR In the presence of 3.6pg rat cRNA.

The results from 5 separate patients are recorded In Table 3.1.1. The Fig 3.1.2 a-c represent the 

autoradiographic pictures from 3 of these experiments. The tissue sections containing the 

highest mRNA encoding aromatase are In bold type. The RNA from each section was amplified 

In duplicate from two reverse transcription reactions.
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Table 3.1.1. Relative mRNA levels encoding aromatase in reduction mammoplasty 

tissue.

Patient Superior Inf. Cen. Medial Lateral

MC/Right 6.79±3.43 23.05i5.31 27.0U15.35

MC/Lefl 7.93±2.54 9.77±2.44 13.4St2.47

DS 4.74

±1.8

10.52±1.46 15.82±5.98

SL 6.98±0.27 7.03

±1.5

6.67±0.37 4.78±0.22

BT 10.95±Z2 4.87±0.29 10.2±2.84

TJ 4.93±1.57 5.03±3.28 31.27±7.67

The results are expressed as a percent total volume density ±SEM. Each figure represents the 

average from the number of samples in that section.
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Rgure 3.1.2a. Reduction Mammoplasty PCR Experiment-Patient DS.
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RNA from the adipose tissue from the central, medial and lateral sections of the reduction 

mammoplasty were amplified with rat cRNA. The control samples were adipose RNA amplified 

alone and rat cRNA amplified alone. This checked for probe cross-reactivity.
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Figure 3.12b. Reduction Mammoplasty PCR Experiment Patient SL.
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RNA from the adipose tissue from the superior, inferior, medial and lateral sections of the 

reduction mammoplasty were amplified with rat cRNA. The control samples were adipose RNA 

amplified alone and rat cRNA amplified alone. This checked for probe cross-reactivity.
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Figure 3.1^c. Reduction Mammoplasty PCR Experiment-Patient TJ.
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Adipose tissue from the superior (S), medial (M) and lateral (L) sections of the breast from 

patient TJ were compared for mRNA levels encoding aromatase. The lateral section contained 

the highest levels. The control samples were adipose RNA amplified alone and rat cRNA 

amplified alone. This provided a check for probe cross reactivity.
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DISCUSSION.

3 of the 5 patients had the highest aromatase mRNA levels in the lateral section of the breast 

which has been established as the most common site of tumour localisation. This observation 

has long been attributed to the fact that this part of the breast has the "highest cellularity” of the 

greatest mass of tissue and therefore is the expected site of tumour formation. These results 

would suggest that the lateral section may (in some cases) also provide an oestrogen-rich 

environment for the growth of carcinomas. Further work into the relative populations of cells and 

their relative contributions to aromatase activity in breast adipose tissue are ongoing in Prof. 

Simpson’s laboratory.
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2. DETERMINATION OF THE LEVELS OF AROMATASE mRNA IN HUMAN ADIPOCYTE 

AND STROMAL CELLS.

RESULTS.

Having investigated the aromatase expression in homogenised adipose tissue obtained from 

patients undergoing reduction mammoplasty, subsequent studies investigated the aromatase 

expression in adipocyte and stromal cell fractions of this tissue. Cell fractions were obtained by 

collagenase digestion and differential centrifugation into a "stromal" cell pellet and floating 

adipocyte layer. The stromal cell population was characterized by Giemsa staining and 

immunocytochemistry. Fig 3.2.1 a-d demonstrate the populations of cells seen in the pelleted 

fraction. The majority of the cells in the pelleted fraction had the histological characteristics of 

stromal cells.

RNA was extracted from the cell populations obtained, 20pg of which was utilised in the 

competitive PCR reaction, along with lOpg rat cRNA. Fig 3.2.2 iliustrates the results of 

amplification of four samples of mRNA from adipocytes and stromal cells derived from the breast 

tissue of three patients. The relative concentration of aromatase mRNA in the stromal cell 

fraction was 3.5 to 19 fold higher than in the adipocytes.
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Figure 32.1.a. Giemsa stained pelleted cells.
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"Stromal" cells extracted from one sample of adipose tissue, collagenase digested and 

separated were stained and representative photos from the samples are shown.

Cytochemical and immunological staining was performed on the pelleted cells after spinning 

onto poly-L-lysine coated slides.

Stained samples revealed predominantly medium and large diameter mononuclear cells of 

varying staining intensities. Some binucleate cells were seen as well as the occasional cell 

clusters and short tubular structures.
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Figure 32.1b. Cytokeratin stained pelleted cells.

Cells were stained for cytokeratin using a monoclonal antibody (anti-human cytokeratin, M821). 

The antiborly is highly cross reactive to a variety of human keratins. Appropriate staining was 

verified using human breast epithelial cells.

Epithelial cells (cytokeratin positive) comprised only 0.3% and 1.7% of the total count and were 

often seen as clusters of small cells.
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Figure 3.21c. Wmenlin stained pelleted cells.
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Vimentin staining with murine vimentin monoclonal antibody (antiswine vimentin, M725). This has 

a broad interspecies cross reactivity including human.

Samples were also stained for vimentin intermediate filaments, characteristic of cells of 

mesenchymal origin, including stromal cells, endothelial cells and macrophages the latter of 

which show only weak vimentin staining. The majority of the cells were vimentin positive (81 % 

and 92%).
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Figure 32.1d. Macrophage marker C D IIc (KB90) stained cells. [

#

The monocyte/macrophage staining was carried out using the KB90 murine monoclonal 

antibody and visualised using an alkaline phosphatase-anti-alkaline-phosphatase technique. 

Optimal dilutions were obtained using peripheral blood mononuclear cells.

Cells expressing macrophage markers comprised 8% and 18% of the cells, while those identified 

as endothelial cells by Factor VIII staining were even fewer in number (6.3% and 7.6%) of the 

total cells.
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Figure 3%2. Relative levels of mRNA encoding aromatase in adipocytes and stromal cells.
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Comparison of aromatase mRNA in breast adipocytes and pelleted "stromal" cells. 20^g of 

breast RNA was co-amplified with 10/xg rat cRNA. Results of 4 experiments using 3 patients are 

shown with repres<?^Vaû*«lot blot autoradiographs. Product yields are expressed as corrected 

percent total volume density (mean±SEM). The control amplifications contained only rat 

aromatase cRNA, breast RNA or no RNA.



123

DISCUSSION.

Adipose tissue is composed primarily of lipid-laden mature adipoctyes and stromal cells. Stromal 

cells are capable of further differentiation into mature adipocytes and are regarded as pre

adipocytes. There are two populations of cells which can be separated from the adipose tissue; 

a stromal cell population, consisting of mainly stromal cells of mesenchymal origin but also 

containing some epithelial and endothelial cells. The adipocyte fraction consists of mature 

adipocytes alone. The low percentage of epithelial cells in the pelleted fraction is probably due 

to the method of preparation. Since breast parenchymal tissue is less susceptible to collagenase 

digestion than adipose tissue, the technique selects for adipose tissue cell types.

The levels of mRNA encoding aromatase in these two cell populations differed significantly, the 

majority of mRNA being expressed in the stromal cell fraction. There are three possible 

interpretations of this result. Firstly, that the stromal cells contain more mRNA for aromatase than 

the adipocytes. Alternatively, the minority of the cell types in the pelleted fraction, such as the 

epithelial cells, macrophages and endothelial cells, might contain such high levels of aromatase 

mRNA that the overall pelleted cell fraction has a high mRNA content, even when the stromal 

cell contribution to the total mRNA level is low. To date, aromatase activities in these particular 

breast cells have not been evaluated. However, isolated alveolar macrophages and culture 

umbilical endothelial cells have undetectable aromatase activities (Milewich et a/., 1983 and 

1987). It is likely, therefore that the aromatase activity resides in the stromal cells and not in the 

minority cell types. The third possible explanation is that the half life of the mRNA in these two 

cell populations differs such that the stromal cell mRNA has a longer half life than the adipocyte 

mRNA.

The observation that the majority of the aromatase mRNA is in the stromal cell fraction of 

adipose tissue is supportive of previous studies in which abdominal adipose tissue was 

separated into the same two fractions and the relative levels of aromatase activity assessed in
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the two populations of cells. The adipocyte fraction was shown to contain 13% of the aromatase 

activity, while the stromal cell pellet contained 87% (Ackerman etal., 1981). However, membrane 

fractions of the two cell populations contained comparable aromatase activities, leading to the 

conclusion that the low level of aromatase activity in the intact adipocytes was due to the 

sequestration of the substrate into the lipid droplet of the adipocytes, leaving it unavailable for 

aromatisation. While this may be true, the difference in mRNA levels between the cell types will 

inevitably contribute to the differences in aromatase activity in intact cells.
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3. DETERMINATION OF THE LEVELS OF mRNA ENCODING AROMATASE IN HUMAN 

FOETAL TISSUES.

INTTTODUCnON.

Oestrogen formed In foetal tissues may act locally to Influence both physiological and 

anatomical development. The rates of oestrogen biosynthesis are low In foetal tissues compared 

to those In the placenta. Previous studies using northern analysis have demonstrated aromatase 

mRNA only In the foetal liver (Tapanalnen et al., 1989). In this study tissue taken from foetal 

heart, skin, Intestine, liver, lung, spleen, kidney and brain was compared In the competitive PGR 

reaction, utilising 20pg human RNA and 27.4pg rat cRNA, for 20 cycles.
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RESULTS.

Fig 3.3.1 a and b demonstrate the amplification of aromatase mRNA from these tissues from two 

separate groups of foetuses. Both experiments demonstrated the high levels of aromatase 

mRNA present in the liver. In addition, foetal brain and intestine had slightly higher levels than 

the other tissues tested.

Northern analysis for foetal aromatase is shown in Fig 3.3.2. 20pg of total RNA from each foetal 

tissue was probed with a [^^P] labelled cDNA. Equal loading of the gel was ensured by 

hybridisation with a radiolabelled oligonucleotide probe to 18S rRNA. After prolonged exposure 

of the northern blot probed with the cDNA oligo for 7 days, 3.4kb and 2.4kb bands 

corresponding to the sizes of the two species of human aromatase mRNA could be identified 

only in the foetal liver, indicating that the expression was below the level of detection by this 

technique in the other tissues.

Two groups of foetuses were studied. The tissues were obtained from the foetuses of induced 

abortions of 13-20 weeks of gestation. Informed consent of the women undergoing the abortions 

was obtained.



Fig. 3.3.1a.

20^9 of foetal RNA and 2.7pg of rat cRNA were co-amplified for 20 cycles. Each primer 

extension was amplified in duplicate. After solution dénaturation, equal halves of each reaction 

were applied to Zeta probe using the slot blot technique. Southern hybridisation with a 

labelled specific oligonucleotide was performed. The results are depicted as a percent total 

volume density ( SD).

Fig. 3.3.1b.

Repeat competitive PCR from a second group of foetuses. Control amplifications in both 

experiments are with foetal RNA only, rat cRNA only or no RNA.

*  statistical analyses of individual experiments or 2 experiments pooled revealed statistically 

higher aromatase mRNA in foetal liver compared to other tissues.
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Figures 3.3.1 a & b. Amplification of aromatase mRNA from foetal tissues.
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Figure 3 .3 ^  Northern analysis of foetal aromatase RNA.
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A. A [^^P] labelled oligonucleotide probe specific for IBS rRNA demonstrates that there is 

equal loading of all tissue samples on the denaturing gel.

B. Northern analysis of the foetal tissue RNA: the [^^P] labelled cDNA probe hybridises to 

the 3.4kb and 2.9kb aromatase transcripts in the liver tissue only, indicating that the PCR 

technique is a highly sensitive method for identifying aromatase in tissues where the mRNA is 

at a low level.
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DISCUSSION.

The enhanced sensitivity achieved by the use of PCR has dramatically increased the ability to 

identify rare DNA and RNA sequences. This technique results in a 1000-10,000 fold increase in 

sensitivity compared to northern analysis for the detection of DNA transcripts (Mocharla et al., 

1990). With the use of the internal standard the levels of RNA from foetal heart, brain, intestine, 

liver, lung, spleen and kidney have been identified and quantified. Liver had the highest amount 

of transcripts per unit total RNA than any other foetal tissue tested, other than placenta. In 

comparison, only liver aromatase could be detected in northern analysis. Previous studies 

(Doody et al., 1989) utilising the tritiated water release assay in foetal tissues concluded that 

foetal liver contained the highest levels of aromatase activity with slightly higher levels present 

in brain and intestine compared to kidney, lung and heart. Hence, there is a good ordinate 

correlation between the findings of previous aromatase activity measurements and the 

comparative levels of aromatase mRNA in the present study.

The physiological significance of oestrogen production by the foetal tissues remains to be 

elucidated. A possible role for foetal oestrogens has been suggested in lung surfactant 

production (Rooney, 1985) and in erythropoiesis by the foetal liver and spleen (Bleiberg et 

a/.,1975). Oestrogen production by these foetal tissues probably does not contribute significantly 

to circulating oestrogen levels in the mother, the majority of which are formed by the placental 

aromatisation of foetal androstenedione. However, foetal oestrogens may act in a paracrine 

fashion on or adjacent to the tissue-site of production.



130

BENIGN BREAST DISEASE.

CHAPTER 4.
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INTRODUCTION.

There is a wide spectrum of benign breast disease, the nomenclature and relationship to 

malignancy of which has already been discussed. Few studies have sought to characterise the 

biochemical nature of such lesions and it is interesting to speculate that some types of benign 

breast disease may require oestrogens for their growth and possibly their initiation, as is 

currently thought to be the case for malignant breast disease.

In this study the presence or absence of aromatase mRNA and/or aromatase activities was 

established in various types of benign breast lesions. The lesion and the surrounding adipose 

tissue were collected at the time of surgery and were subsequently confirmed as benign. In 

most cases the samples were subjected to the aromatase assay. In 14 cases, where the lesion 

provided sufficient tissue, mRNA analysis was carried out. In no instance was there sufficient 

adipose tissue available to allow the measurement of mRNA encoding aromatase.

The results of these assays have been analysed with respect to several patient variables and 

Appendix 1 summarises the details for each patient in table format.
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RESULTS.

4-1. Aromatase Activity Analysis.

The total number of patients in the study was 77, of which 4 were male and 73 female.

The age of the patients ranged from 19-83 years with a mean (± SEM) of 43.17±1.79. Of the 

female patients, 49 were pre menopausal, 2 were peri-menopausal and 20 were post

menopausal. The menopausal status of 2 patients was not noted. Of the 77 patients, 64.3% were 

positive for aromatase activity in the breast adipose tissue and 58.7% in the breast lesion.

Aromatase activities in the lesion ranged from undetectable to 364.13 fmol oestrogen/mg 

protein/3hr with a mean value of 15.94±1.36. The aromatase activity values in the associated 

adipose tissue ranged from undetectable to 1394.92 fmol oestrogen/mg protein/3hr; the mean 

value was 13.30±1.50. Aromatase activity in the peri-lesion adipose ranged from undetectable 

to 43.39 fmol oestrogen/mg protein/3hr, with a mean value of 22.38±1.31.

The location of 57/77 lesions was examined of which 26 were located in the right breast and 31 

in the left. The quadrant distribution of the lumps are shown in Fig 4.1. 34 were located in the 

upper outer quadrant, 5 in the upper inner, 6 in the lower outer and 2 in the lower inner. 8 were 

placed between the upper inner and outer quadrants, 4 between the lower inner and outer 

quadrants, 2 between the upper outer and lower outer quadrants and 2 between the upper 

inner and lower inner quadrants. There were 6 centralised masses and in 2 cases, the location 

of the mass was diffuse or not palpable. In 7 of the cases the position was not recorded. There 

was a clear bias for the location of the lesion to reside in the upper outer quadrant (43.6%) 

which was statistically significant (Chi Squared).
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There was no relationship between the location of the lesion and the aromatase activity in the 

lesion ie. the lesion was not biased towards being either positive or negative for aromatase 

activity if located in a particular quadrant. However, there was a trend, not reaching significance, 

for the upper outer quadrant adipose tissue to be positive for aromatase activity (Chi Squared) 

and the remaining quadrants to be negative.

i

Benign Disease Lesion Location and Aromatase Activity.

Aromatase Activity (±SEM) Adipose Tissue.

UOQ 1.74±1.57 

UIQ 0.35±0.35 

LOQ 1.19±1.02 

LIQ 1.05±1.05 

Aromatase Activity (±SEM) Lesion 

I 1.42±0.93
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Figure 4.1.

Benign Lesion Location

UOQ UIQ

LOQ LIQ

2 diffuse or no mass 
7 not noted

Bias towards UOQ 43.6% 
(P<0.001)
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4-2. Clinical Indices Analysis.

The relationship between aromatase activity and several patient indices, age, family history, 

gestation and parity was analysed as follows:

4.2.1. Age.

Aromatase activity in both the lesion and the adipose were plotted against age Fig 4.2 a & b. 

There was found to be a trend between aromatase activity and age in both the lesion and the 

adipose samples (linear regression analysis), however, this did not reach significance.

4.2.2. Family History.

A positive family history was taken to be a first degree relative that had a positive diagnosis of 

breast cancer. Most of the patients with this information available (21/27) did not have a positive 

family history and the aromatase activity in the lesion did not differ significantly between 

patients with and without a positive family history (student t test). The patients with a positive 

family history had a mean aromatase activity in the lesion of 18.12±4.21, while those with no 

family history had a mean activity of 14.33±9.39 (Fig 4.3a).

However, the mean aromatase activity in adipose tissue obtained form patients with no family 

history of breast cancer was significantly higher than in adipose tissue from patients with a 

positive family history (student t test). Those with no history of breast cancer had a higher 

aromatase activity in their adipose than those patients presenting with a positive family history 

(negative history, mean aromatase activity was 26.61 ±1.47; positive history, mean aromatase 

activity was 3.32±2.13). This difference was confirmed to be statistically significant by a Mann 

Whitney U test for non parametric data (Fig 4.3b).
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Figure 4.2a. Benign Adipose Aromatase Activity.
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R Squared = 0.039.

Adipose tissue from around the benign lesions was assayed for aromatase activity and the log 

value of this was plotted against age. There was no significant relationship between aromatase 

activity in the adipose tissue and age of the patient.
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Figure 4.2b. Benign Tumour Aromatase Activity.

Tumour aromatase activity vs age

LOGTUM

2.5 

2

1.5 

1

0.5

0

■ 0.5
20 40 60

AGE
80 100

R Squared = 0.065.

Aromatase activity in benign tumour samples was plotted against age of the patient. There was 

no significant relationship between these two variables.
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Figure 4.3a. Benign Lesion Aromatase Activity relationship with Family History.

LOGTUM

2.5  

2

1.5 

1
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Family history and 
lesion aromatase activity
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Legend: 0 no family history.

1 positive kimily history.

The mean aromatase activity is indicated by the bar. There was no significant difference 

between these two variables.
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Figure 4.3b. Benign Adipose Aromatase Activity relationship with Family History.

Family history and 
adipose aromatase activity

LOGAA
4

3
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1

0

1
0 1 

FAMILY HISTORY

Legend: 0 no family history.

1 positive temily history.

The mean aromatase activity is indicated by the bar. There was a significant difference between 

the two groups. Those patients with no family history had greater levels of aromatase activity 

in their adipose tissue than those with a positive family history.
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4J2J3. Gestation and Parity.

The majority of patients were nulliparous and there were no statistical differences between the 

aromatase activities in the lesion in relation to the number of pregnancies and live births (one 

way ANOVA). This was also true of the aromatase activities in the adipose tissue (one way 

ANOVA).

4.2.4. Association with malignancy.

The lesions were categorised into four classes based upon relative risk of development of 

malignant disease. Class 1 were no risk lesions (64 cases), including cysts, mild hyperplasia and 

fibroadenomas. Slight risk lesions fell into the class 2 category (12 cases) and included epithelial 

hyperplasia, papillomatosis and epithetiosis. Moderate risk/class 3, lesions were the atypical 

hyperplasias (1 case) and high risk/class 4 lesions were carcinomas in situ {see chapter 1, 

section 4-2). The histological report from each patient was examined and the lesion awarded 

a classification according to these categories. No class 4 lesions were registered in this chapter 

since they were treated as malignant and are therefore discussed in the next chapter. The 

remaining two classes (the 1 class 3 lesion was excluded) were analysed against aromatase 

activity and in a one way analysis of variance test, no significant relationship was found between 

aromatase activity and histological class of the lesion.

4.2.5. Endocrine Therapies.

The presence or absence of detectable aromatase activities, either in the lesion or in the 

surrounding adipose tissue, did not relate to the use of oral contraceptives or hormone 

replacement therapy.
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4-3. mRNA Encoding Aromatase.

13 of the patients had the mRNA levels in the lesions measured using the comparative PCR 

technique. Figures 4.4 a & b show the results of these assays. The tables depict the patients 

in rank order (highest to lowest) for mRNA content of the lesion. The corresponding 

autoradiographs show the human and rat cDNA probed samples. The rank order of the mRNA 

levels in these lesions on intra-assay comparison did not appear to reflect the histology of the 

lesion. Insufficient tissue was available to study the aromatase activity in parallel with the mRNA 

levels.

4-4. Benign Breast Disease in Male Patients.

The 4 cases of male benign disease were all classified as gynaecomastia. All had normal 

hormonal profiles (serum testosterone and oestradiol) and their aromatase activity levels were 

within the female range (undetectable to 43.39 fmol oestrogen/mg protein/3hr). There was 

insufficient data to allow the statistical analysis of these results.
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Figure 4.4a. Relative aromatase mRNA levels in 6 patients with benign breast disease.
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Figure 4.4b. Relative aromatase mRNA levels in 7 patients (8 samples) with benign breast 

disease.
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Table 4.1. Gynaecomastia Patients.
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Patient No. Age. Type of Gynea. AA-Lesion AA-Adipose

104654 19 NA 1.89 ND

435755 29 drug-related ND 43.39

905328 63 hormonal UD ND

524858 70 ND UD ND

Legend: AA-Lesion aromatase activity in the lesion sample

AA-Adipose aromatase activity in the adipose.

UD undetectable.

ND not determined.
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DISCUSSION.

70% of the patients with benign breast disease had detectable aromatase activity in the lesion

or adipose tissue. These activities were similar to others reported in the literature

1987).

The distribution of these lesions is of interest since benign disease, is mainly located in the 

upper outer quadrant of the breast, similar to its malignant counterpart (Donegan, 1988). There 

was a bias towards this quadrant being the most likely to contain the lesion (42.9%) and this 

appears to influence the aromatase activity levels in the adipose tissue and the lesion.

Aromatase activity both in the lesion and the adipose tissue would appear not to correlate with 

age and menopausal status of the patient. The majority of patients with benign disease did not 

report a positive family history of malignant breast disease, and the activity levels in the lesion 

for aromatase in the two groups did not vary significantly. However, the aromatase activity levels 

between the two groups did vary significantly in terms of adipose tissue aromatase activity, the 

negative family history group displaying a higher activity than the positive family history group. 

This result presents a paradox, since on the basis of this observation, one would expect patients 

with a positive family history to synthesise less oestrogens within the breast and hence to 

experience less of the paracrine/autocrine oestrogenic influence on breast cancer induction 

and/or maintenance. However, clinical data clearly indicate that patients with a positive family 

history of breast cancer are at greater risk of developing malignant breast disease than women 

with no family history. Since this genetic risk may play a greater role in those with a positive 

family history, local biochemical changes may be more important in the development of breast 

lesions in those without a family history.

The majority of the lesions are in the class 1 category, no risk lesions and there was no 

statistical differences between the histological classes and aromatase activity of the lesion.
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There was no relationship between gestation and parity and aromatase activity except that most 

of the cases where aromatase activity was positive in both the lesion and adipose tissue 

occurred in nulliparous women. This is most likely a reflection of the fact that benign disease 

is most common in young, premenopausal women.

No relationship was discovered to exist between the administration of oral contraceptives and/or 

hormone replacement therapy and aromatase activity in either the lesion or the adipose tissue. 

The link between benign disease and hormonal therapies is controversial (see Chapter 1, 

section 7-2.5). However, if there is an association between benign disease and these therapies, 

this data would suggest that it does not involve the aromatase enzyme.

Aromatase mRNA levels were investigated in lesion samples from 13 patients and 100% were 

identified positive, indicating that all of these lesions had the potential to produce their own 

oestrogens from circulating androgens. It can be speculated that the oestrogens may be used 

as an autocrine growth factor for the lesion or as a paracrine stimulus for the surrounding 

adipose tissue to produce growth factors which may play a role in growth and maintenance of 

the disease.

To summarise, there was no significant correlation between aromatase activity and any clinical 

indices, except that aromatase activity in the adipose tissue was higher in patients with no family 

history of breast cancer than in those patients with a positive family history. There was a 

significant bias for the lesion to occur in the upper outer quadrant of the breast and for 

aromatase activity to be higher in this quadrant, suggesting an association between aromatase 

activity and the location of the lesion.
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MAUGNANT BREAST DISEASE AROMATASE ASSAY RESULTS.

CHAPTER 5.
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INTRODUCTION.

The tumours from malignant lumpectomies, segmental and total mastectomies were assayed 

for aromatase activity and mRNA encoding the aromatase enzyme. For the malignant 

lumpectomies the adipose tissue immediately surrounding the tumour (peri-tumour adipose) was 

assayed for aromatase activity and the adipose from the quadrant containing the tumour was 

examined for enzyme activity in the segmental mastectomy samples. In addition to this, axillary 

adipose tissue from the segmental and total mastectomies, where available, was measured for 

aromatase activity, along with any involved axillary lymph nodes.

The results of the aromatase activity have been analysed with respect to various indices 

associated with malignant breast disease. Appendix 2 contain the details of the malignant 

lumpectomies, segmental mastectomies and total mastectomies, in table format.
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RESULTS.

5-1. Aromatase Activity Analysis.

There was a total of 134 patients with malignant breast disease, of which 4 were male and 130 

female. Of the female patients, 24 were pre-menopausal, 13 peri-menopausal and 91 post

menopausal, 6 cases did not have their menopausal status noted.

The age range of the patients was 20-89 years, with a mean (±SEM) of 61.43±1.33 years.

Aromatase activity was detectable in the adipose tissue derived from 67% of the upper outer 

quadrant samples; 70.5% of the upper inner quadrant samples; 76.5% of the lower outer 

quadrant samples and 74.1% of the lower inner quadrant samples. 81.9% of the tumours 

contained detectable aromatase activity.

The ranges and means of aromatase activities in the adipose and tumour samples were 

calculated for all 134 patients. The results are depicted in Table 5.1.
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Table 5.1. Aromatase activity range and means in adipose and tumour samples from 

malignant specimens.

AA Maximum Mean ±SEM

UOQ L(aC) 251.8 5.01 1.20

UIQ 220.2 5.49 1.23

LOO 196.61 5.25 1.23

LIQ 179.14 3.38 1.23

TUMOUR 201.15 8.71 1.20

NODE Cl-'S') 28.48 4.26 1.26

AXILLA 87.2 4.67 1.28

PERITUM L\s) 52.07 7.76 1.23

Legend:

AA aromatase activity (fmol oestrogen/mg protein/3hr).

UOQ upper outer quadrant

UIQ upper inner quadrant

LOO lower outer quadrant

LIQ lower inner quadrant

AXILLA axillary adipose

PERITUM peri-tumour adipose
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Aromatase activity levels were examined by sector to compare the activity levels in the medial 

and lateral breast sections. There was no statistically significant difference in aromatase activities 

between the medial and lateral breast adipose.

The tumours were distributed as in Fig 5.1. 60 were in the right breast, 57 in the left, and 17 

were either non palpable, diffuse or not their location was not noted.

As described for the benign lesions, there was a bias in tumour location towards the upper outer 

quadrant. 57 of the carcinomas (42.5%, which was statistically significant, Chi-Squared) were 

located in the upper outer quadrant. 10 were in the upper inner quadrant, 14 were in the lower 

outer quadrant and 5 were in the lower inner quadrant. 3 were located centrally, 11 were 

spanning the upper outer and inner quadrants; 13 spanning the upper and lower outer 

quadrants, 2 spanning the upper and lower inner quadrants, 1 spanning the lower outer and 

inner quadrants and 7 were diffuse or had no associated mass. For 11 of the samples, the 

location of the tumour was not noted. There was no relationship between the position of the 

tumour and its level of aromatase activity. There was also no relationship between the location 

of the tumour and the aromatase activity in the adipose tissue from the tumour bearing 

quadrant, examined in 65 mastectomy patients. Table 5.2.
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Figure 5.1.

Malignant Lesion Location

UOQ UIQ

57

LOQ C j Z ^  LIQ

7 diffuse or no mass 
11 not noted

Bias towards UOQ 42.5% 
(P<0.001)



Table 5.2 Legend;

PATNO Patient hospital number

LESLOCAT Lesion location

AA-UOQU Aromatase activity, upper outer quadrant

AA-UIQU Aromatase activity, upper inner quadrant

AA-LOQU Aromatase activity, lower outer quadrant

AA-LIQU Aromatase activity, lower inner quadrant

Lesion Location :

1 upper outer

2 upper inner

3 lower outer

4 lower inner

5 central

6 upper outer/upper inner

7 upper outer/lower outer

8 upper inner/lower inner

9 lower outer/lower inner

10 diffuse or no mass
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Table 5.2. Aromatase activity in adipose tissue from 65 mastectomy patients.

PATWO LESLOCAT AA_UOQU AA_UIOU AA_LOQU AA_UQU

130631 7 34.29 51.17 19.01 83.88

434005 9 2.33 3.31 6.15 •

355270 10 .00 .00 .69 1.08

359952 6 72.60 2.76 1.29 .52

BG1624 7 .99 2.61 2.64 .00

138143 1 .00 .00 2.86 4.54

312437 10 5.95 10.80 196.61 179.14

471615 1 2.63 .00 1.35 .86

338898 1 31.00 .00 31.30 .00

210254 4 7.85 14.10 7.28 10.50

112792 6 .00 .00 21.30 2.86

270163 4 .00 .00 .00 .34

458156 4 5.59 32.99 1.06 .00

303642 2 .00 2.26 3.75 1.19

076273 3 6.98 9.15 26.58 19.17

BF4976 10 1.77 2.78 5.29 2.69

BG1857 1 251.80 220.20 3.69 •

358032 5 2.85 2.29 .00 2.03

160631 7 .00 2.20 1.97 7.38

430657 3 .46 .84 .26 .86

574346 6 11.00 .00 .00 .00

921292 1 .00 1.30 .56 .85

432219 6 2.85 11.70 116.00 13.90

083568 1 1.32 .00 5.98 1.92
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PATNO LESLOCAT AA_UOQU AA_UIQU AA_LOQU AA_UQU

BG3321 7 2.17 .00 2.23 2.35

BD9860 1 14.65 8.72 5.16 7.44

336383 3 .00 .00 .00 .00

224916 1 .00 .00 .00 .00

091626 10 2.48 1.04 .00 .00

432934 1 2.55 .00 31.00 5.52

303058 8 . 1.71 1.78 1.76 1.85

434888 1 1.75 7.49 .00 34.00

436938 2 .00 .19 .00 1.39

920667 3 .71 50.00 3.52 .00

123601 3 .00 .00 125.64 .00

064563 1 .71 .55 .83 .87

806824 10 .00 • 1.78 .00

BG2035 8 3.45 1.49 14.85 2.31

901974 7 58.40 6.34 13.04 .00

827338 1 6.25 1.82 3.07 .00

109934 1 .00 .00 .00 .00

605096 1 .00 .00 6.77 .00

330171 6 5.88 6.43 7.40 3.94

234325 10 .00 6.22 .48 5.95

434876 5 2.09 .00 2.20 7.21

001454 1 5.48 6.93 2.24 .15

332245 1 4.33 5.46 10.51 6.12

478022 1 5.54 3.78 7.08 6.52

135626 2 6.10 4.18 2.77 3.55

BG7038 3 .00 2.65 .00 3.03
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PATNO LESLOCAT AA_UOQU AA_UIQU AA_LOOU AA_L

532943 1 .00 5.02 .00 3.31

825205 6 1.23 10.71 8.19 3.05

340744 7 7.33 11.75 18.71 9.98

530847 2 11.40 6.65 10.00 ■

533414 2 26.39 81.89 2.58 2.00

331067 1 12.86 6.52 13.34 2.15

829275 7 .00 .00 .00 .00

536248 5 .78 3.66 2.25 .77

535760 1 1.85 2.61 2.35 3.79

571312 1 5.95 7.35 6.95 9.46

172087 1 2.36 5.34 4.65 5.62

304591 2 1.20 5.24 10.56 4.15

150629 1 12.58 12.97 10.65 10.54

456291 3 5.69 4.58 .00 1.00

BG7400 6 .00 .00 1.25 1.65

Number of cases read 65
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5-2. Pathology Indices Analysis.

5-2.1. Histology.

The tumours were grouped histologically as shown in Table 5.3. The majority of the tumours 

were ductal carcinomas.

The aromatase activity of each tumour was compared to its histological diagnosis and the grade 

and stage of the tumour.

The aromatase activity in the tumour was found to differ significantly between tumours of 

different histological types (one way ANOVA). The ranking order of aromatase activity, from 

highest to lowest was as follows: lobular > inflammatory > ductal > adenocarcinoma > mucinous 

carcinoma > tubular carcinoma > DOIS > LOIS. Using the Tukey Procedure for multiple range 

testing, the differences were found to be significant between the first three groups, lobular, 

inflammatory and ductal and LCIS and DCIS. The middle ranking groups did not vary 

significantly from each other. This significance was also determined by a Kruskal-Wallis one way 

AN OVA for non parametric data.



Table 5.3. Histology of the tumours.
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Histology. Frequency. Percentage. Mean±SEM

Ductal 81 60.4 0.89 ±0.09

Lobular 7 5.2 0.58±0.13

Tubular 4 3.0 i 1.47±0.05

Adenocarcinoma 6 4.5 1.08±0.42

Mucinous 6 4.5 ! 1.27±0.21

Medullary 2
i

1.5

DCIS 7 5.2 ' 1.57±0.18

LCIS 3 2.2 2.30±0.01

Inflammatory 11 8.2 ' 0.61 ± 0.21

Not determined 7 5.2 ;

DCIS

LCIS

Ductal carcinoma in situ. 

Lobular carcinoma in situ.

Rank order of aromatase activity from the lowest to the highest is lobular> inflammatory> 

tubular>DCIS> LCIS. (P<0.05).



Grade Number Mean±SEM

1 19 0.42±0.24

2 37 1.15±0.13

3 38 0.82±0.11
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5-Z2. Grade.

The distribution of tumour grades were 19 grade 1, 37 grade 2 and 38 grade 3 tumours. 40 

tumours had no recorded grading. The tumour aromatase activity varied significantly across 

these grades, in a one way AN OVA. Grade 1 tumours had a significantly higher aromatase 

activity than grade 2 tumours (Tukey procedure and Kruskall Wallis test).

5-2.3. Stage.

The tumours were staged according to the table in Chapter 1, Figure 1.3.

There were 36 tumours at stage 1, 60 at stage 2, 8 at stage 3, and 21 at stage 4. There were 

no statistical differences between the aromatase activities in the tumour with tumour stage (one 

way AN OVA).

5-2.4. Oestrogen Receptor Concentration.

Information on oestrogen receptor status was available for 90 of the tumours. 67 (74.4%) were 

positive for oestrogen receptors and 23 (25.6%) were negative. The values ranged from 

undetectable to 890fmol/mg DNA with a mean of 91.2±1.17. There was a significant negative 

correlation (Fig 5.2) between aromatase activity and oestrogen receptor concentration observed 

in multiple regression analysis; the higher the oestrogen receptor concentration, the lower the 

aromatase activity in the tumour.
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Figure 52. Carcinoma Aromatase Activity and Oestrogen Receptors.

Tumour aromatase activity vs ER status

R Squared = 0.208

The oestrogen receptor concentrations and carcinoma aromatase activities were compared. A 

significant negative correlation was found, indicated by the regression line, in 90 carcinomas fro 

which the ER status was available.
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5-3. Clinical Parameter Analysis.

The relationships between aromatase activity in the tumour and adipose tissue and recognised 

risk factors for malignant disease, (ie. patient age and menopausal status, age at menarche, 

menopause and length of menstrual history, family history, gestation and parity and use of oral 

contraceptives and/or hormone replacement therapy) were studied.

5-3.1. Age.

Fig 5.3a. shows the aromatase activity in the tumours plotted against the patient age. Fig 5.3b. 

shows the same parameters in the adipose tissue. There was no significant relationship between 

tumour aromatase activity and age in regression analysis. In the adipose from the malignant 

lumpectomy and segmental mastectomy group, there was no significant relationship between 

these parameters, as with the adipose from the total mastectomy group.

5-3.2. Family History.

The majority of the patients whose family history was recorded (44/59) did not have a positive 

family history and there were no statistical differences in the aromatase activity in the carcinoma 

samples from the positive and negative family history groups (student f test). Adipose from the 

malignant lumpectomy and segmental mastectomy groups and from the total mastectomy 

groups were analysed separately, but neither revealed any statistically significant relationship 

to family history.
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Figure 5.3a. Carcinoma Aromatase Activity.
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Carcinoma aromatase activity was compared to the age of the patient. Statistical analysis 

revealed that there was no correlation between these two parameters.



Figure 5.3b. Adipose Aromatase Activity.
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Adipose aromatase activity from the breast quadrants was compared to age of the patient. On 

regression analysis, no significant correlation was found.
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5-2.3. Gestation and Parity.

There were an equal number of patients in the gestation (G) and parity (P) GgP2 and nulliparous 

categories (19 cases of each). There was, however, no statistical differences in the mean 

aromatase activity in the tumour between these groups (one way ANOVA). In the adipose tissue 

(malignant lumpectomy, segmental mastectomy and total mastectomy) there was also no 

statistical differences in the mean aromatase activity between patients with different gestation 

and parity status.

5-2.4. Menstrual History.

Age at menarche, menopause and calculated length of menstrual history were all compared to 

aromatase activity in the tumour and adipose of these breast cancer patients. No significant 

relationships were discovered in the malignant lumpectomy, segmental mastectomy and total 

mastectomy adipose samples for age at menarche, age at menopause and length of menstrual 

history in multiple regression analysis.

However, aromatase activity in the carcinoma was significantly related to age at menarche, 

menopause and length of menstrual history. To determine which of these variables was most 

important with regard to aromatase activity in the tumour, stepwise regression analysis was 

employed. Age at menopause was the most important factor, in several tests (forward and 

backward regression analysis). There was an inverse relationship between age at menopause 

and aromatase activity in the tumour ie. high aromatase activity in the tumour was associated 

with early menopause (Fig 5.4).
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Figure 5.4. Carcinoma Aromatase Activity and Age at Menopause.
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Age at menopause was compared to carcinoma aromatase activity. A significant negative 

correlation between these two factors was demonstrated.
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5-2^. Endocrine Therapies.

The relationship between the use of oral contraceptives and/or hormone replacement therapy 

was examined. 9 of the patients were using or had used oral contraceptives and 7 patients had 

used or were using hormone replacement therapy. There was no statistical relationship between 

levels of aromatase enzyme activity in the tumour or adipose tissue and the use of these 

therapies (Chi- Squared).

5-2.6. Comparison to Benign Breast Disease.

The levels of aromatase activity in benign and malignant breast disease were compared, there 

being no significant differences either in the lesion or in adipose samples from benign and 

malignant breasts. * Benign n=31 aromatase activity (±SEM) 1.13±0.13

Malignant n=68 aromatase activity (±SEM) 0.94±0.79

5-4. Male Breast Cancers.

The 4 male breast cancer cases displayed no remarkable aromatase activity in either the 

carcinoma or the adipose samples (within the female range). However, one patient, 123601, had 

the highest aromatase activity in the adipose tissue of the quadrant containing the tumour 

(LOQ). This patient presented with a breast cancer in the right breast adjacent to a pacemaker 

fitting. It is noteworthy that the other breast quadrant adipose tissue samples had undetectable 

levels of aromatase activity. The aromatase activities and patient indices for these 4 cases are 

shown in Table 5.4.



Table 5.4. Male Breast Cancers.
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Patient Age Histol. [ER] AA-UO AA-UI AA-LO AA-U AA-T

611058 62 ductal NA ND ND ND ND 11.61

138113 54 ductal 187 ND ND 2.86 4.54 ND

138143 52 ductal 183 UD UD UD UD UD

123601 73 ductal UD UD 125.64 UD ND

Legend:

AA aromatase activity

UO upper outer quadrant

Ul upper inner quadrant

LO lower outer quadrant

[ER] oestrogen receptor concentration

ND not determined

UD undetectable
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DISCUSSION.

Aromatase activity in carcinomas and adipose tissue from patients with malignant breast disease 

were studied. The mean aromatase activities in adipose and carcinoma tissue were comparable 

to each other as were the levels of activity in the axillary adipose tissue and breast adipose 

samples. The axillary node tumour samples theoretically originate from the primary breast 

carcinoma yet appear to contain less aromatase activity than the breast tumour. More data on 

aromatase activity in the nodal samples is required before a statistical analysis can be made, 

however, if this trend continues to hold true, it may reflect a sub-population of cells migrating 

from the primary carcinoma to the axillary nodes which do not contain, or require, such high
(C u l I cOoU  S - \ ' )

levels of aromatase activity^Alternative explanation are that the primary breast carcinoma cells 

may differentiate or de differentiate in some way during métastasés and in doing so loose the 

ability to aromatise androgens. Or that the nodal tissue is mainly lymphoid, with very little 

aromatase activity, in spite of the invasion of breast cancer métastasés.

As described in other studies, (Donegan, 1988) there was a bias for the tumour to be located 

in the upper outer quadrant of the breast, but this was not associated with positive aromatase 

activity in the tumour. There was no relationship between location of the tumour and the level 

of aromatase activity in the adipose tissue obtained from the tumour bearing quadrant.

The histology of the carcinoma was shown to be related to its aromatase activity; Lobular, 

inflammatory and ductal carcinomas had significantly higher aromatase activities than LCIS. The 

inflammatory carcinomas were all ductal in origin, but were treated as a separate histological 

group because of their unusual characteristics. Since the aromatase activity in the inflammatory 

carcinomas did not differ significantly from those in the ductal or lobular categories, the high 

aromatase activity in the inflammatory carcinomas is unlikely to account for their aggressive 

behaviour.
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The grade of the tumour was also related to its aromatase activity. Grade 1/well differentiated 

tumours, displayed the highest aromatase activities, whereas grade 2 /moderately differentiated 

tumours displayed the lowest aromatase activity. The poorly differentiated/anaplastic tumours 

had intermediate levels of aromatase activity. This is suggestive of the aromatase activity of the 

carcinoma being influenced by the state of differentiation of the cells.

Tumour stage (TNM) was not related to the tumour aromatase activity. However, the TNM stage 

is a measure of tumour advancement encompassing evaluations of tumour size, nodal 

involvement and distant métastasés and given that it involves several independent parameters 

of tumour development, it would not necessarily be expected to correlate with aromatase activity.

Oestrogen receptors were measured as a matter of routine for all patients undergoing surgery 

for malignant breast disease. The oestrogen receptor concentration in this group of patients was 

inversely related to aromatase activity in the carcinoma ie. high concentration of oestrogen 

receptors was associated with low aromatase activity in the tumour. This observation may be 

explained by considering the relative requirements of carcinomas for oestrogens to maintain 

their growth. Perhaps if the tumour is abundant in oestrogen receptors and thus receives a 

constant supply of hormonal stimulation from oestradiol, the requirement for endogenous 

aromatase activity is low. Conversely, if the oestrogen receptor concentration is low in the 

tumour, the sensitivity of the tumour to oestradiol may be insufficient to maintain tumour 

development and growth. In the latter case, the requirement for aromatase activity would be 

increased and the tumour may synthesize its own supply of the hormone from circulating 

androgen. For such a model to operate, one may expect oestradiol to suppress aromatase 

activity in the oestrogen receptor positive tumours.

While neither tumour nor adipose aromatase activity correlated with patient age, there was a 

significant inverse correlation with age at menopause and aromatase activity in the tumour, ie. 

women with an early menopause appeared to have a higher aromatase activity in their
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carcinomas than those with a late menopause. Perhaps the sudden withdrawal of high 

circulating oestrogen concentration in this group of women stimulates the aromatase activity in 

the carcinoma.

Unlike benign breast adipose tissue, the malignant breast adipose tissue displayed no 

correlations with family history. There was also no association between the levels of aromatase 

activity in either the adipose or tumour tissue and gestation and parity of the women in this 

study.

To summarise, carcinomas tended to occur most frequently in the upper outer quadrant of the 

breast. Aromatase activity was significantly higher in lobular, ductal and inflammatory 

carcinomas than in the carcinomas in situ. Grade 1 tumours had a higher aromatase activity 

than the grade 2 tumours. There were negative correlations between aromatase activity in the 

carcinoma and oestrogen receptor concentration and menopausal age of the patient.
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MAUGNANT BREAST DISEASE- PCR RESULTS. 

CHAPTER 6.
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INTRODUCTION.

RNA from 70 carcinomas was extracted and mRNA encoding aromatase investigated either 

qualitatively or quantitatively. Sufficient adipose tissue was available from 19 of the patients 

undergoing total mastectomies to allow the extraction of RNA from adipose tissue taken from 

each of the breast quadrants, and in some cases, the tumour and involved axillary lymph 

nodes. The results of the competitive PCR experiments have been compared, where possible 

to the aromatase activities in samples taken from the same patients.

The details of the patients are tabulated in Appendix 2.
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RESULTS.

6-1. Non-competitive (qualitative) PCR.

PCR was performed for 20 carcinomas to assess the presence or absence of mRNA encoding 

aromatase.

Figures 6.1 a & b show northern gels in which lOpg RNA isolated from carcinoma tissue from 

each of the 20 patients was loaded into separate lanes. The presence of the 288 and IBS 

bands confirmed that the RNA was intact in all but two of the these patients, samples 5 and 15.
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Figure 6.1 a & b. Northern analysis of RNA from 20 carcinomas.

1 2 3 4  5 6 7 8 9 10

28S

IBS

11 12 13 14 15 16 17 18 19 20 Control

28S

IBS

Legend:

The integrity of the RNA from 20 carcinomas was examined using denaturing gel analysis. The 

28S and 18S bands indicate that the RNA is intact in all but 2 patients (5 and 15).



175

Figures 6. 2a & b show the autoradiographs of Southern biots after hybridisation with the 

iabeiied oiigonucieotide which is specific for human aromatase. Oniy the 273bp band was 

recognised by the probe. The piacentai controis hybridised most strongiy. The sampies from 

patients 1,2,3,6,7,8,10,12,13,14,17,19 & 20 hybridised to the probe whereas those from patients 

4,5,9,11,15,16 & 18 were negative for aromatase mRNA. No bands were detected in the negative 

controi ianes, containing no RNA.

Of the 13 positive sampies, 10 were tested for aromatase activity and 5 (patients 3,6,17,19 & 20) 

were found to have detectabie ieveis of aromatase activity, measurabie by the tritiated water 

release assay. 4/20 were negative for aromatase activity and mRNA (4,9,16 & 18). 4 of the 

patients had insufficient tumour tissue to perform both the PCR and the aromatase assay (1,2,8 

& 11). Two patients, (5 & 15) were positive for aromatase activity but negative for message. 

Retrospective analysis of the northern gei demonstrated that this paradoxical observation was 

due to the degradation of the RNA from these two patients.

Oestrogen receptor data was available for 18/20 of the patients. 12/18(/e. 2/3) were oestrogen 

receptor positive. Patients 3,6 & 20 were positive for aromatase message, activity and oestrogen 

receptors. Patients 9 & 16 were negative for all of these measurements.

Table 6.1 summarises the data for each patient in Fig 6.2a & b, including the TNM stage of the 

carcinoma.

Aromatase activity and mRNA levels in 20 carcinomas.

Positive aromatase assay in carcinoma 3 6 17 19 20

Positive mRNA in carcinoma 1 2 3 6 7 8 10 12 13 14 17 19 20

Negative for both mRNA and activity 4 9 16 18

Positive activity, negative mRNA 5 15

Positive mRNA, positive ER 3 6 20

Negative mRNA, negative ER 9 16
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Figure 6.2 a & b. Southern Blot of 20 Carcinomas:aromatase mRNA.

1 2  3 4 5 . 6 7 8 9 10 Plac (-)

11 12 13 14 15 16 17 18 19 20 Plac (■)

Legend:

PCR analysis of these 20 patients shows that mRNA encoding aromatase is present in patient 

numbers 1,2,3,6,7,8,10,12,13,14,17,19 and 20. The positive control lanes containing placental 

RNA have hybridised most strongly to the probe. The negative control lane containing no RNA 

remained empty.



Table 6.1. Aromatase and tumeur Information.
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Patient

Number

mRNA Aromatase

Activity

Oestrogen

Receptors

TNM

Stage

1. + ND - Ti NqMq

2. + ND - T^NqMq

3. + 1.60 21 TgNoMo

4. - - 127 TgN+Mo

5. - 6.34 - TgN+IVIo

6. + 15.75 32 TgNoMo

7. + - 780 T^NqMq

8. + ND 1029 T^NqMq

9. - - - T^NqMq

10. + - -

11. - ND 348 T-jNqMq

12. + - 27 TgN+IVIo

13. + - 355 T2N0M0

14. + - 44 T^NqMq

15. - 9.88 42 T^NqMq

16. - - - Ti N.Mt
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17. + 103.92 ND TgN+IVIo

18. - - 890 T4N+IVI0

19. + 4.92 ND Ti NqMq

20. + 71.91 25 ND

Legend:

ND

AA

ER

Positive sample.

Negative sample. 

Information not determined.

Aromatase activity (fmol oestrogen/mg protein/3hr) 

Oestrogen Receptors (fmol/mgDNA)
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6-2. Competitive PCR-Carcinomas.

Having established that breast carcinomas contained mRNA encoding aromatase and that it 

could be identified by this PCR method, quantitative PCR was employed to assess the relative 

levels of mRNA within the tumours and adipose samples from the patient pool described. Each 

assay had a placental RNA amplified alone and a rat cRNA positive control, amplified aione. 

These controls checked for probe cross-reactivity. The control containing no RNA was the 

negative control, checking for buffer contamination.

4 assays were performed,using carcinoma tissue from 37 patients. The subsequent 9 assays 

were pooled for their information on carcinoma mRNA levels (table 6.2). This gives a totai of 50 

patients. Each assay was comparative for the carcinomas within the assay only, with a maximum 

of 12 patients per assay. The results of each assay are presented separately in Figures 6.3 a-d 

and Table 6.2.



Figure Legend: 6.3a-d and Table 62.

Patient 

(menop) 

mRNA %density 

arom. activity 

histol.

grade

stage

ER

exp

T

N

Plac

cRNA

(-)

UD

ND

hospital number 

age at menopause

relative amount of mRNA encoding aromatase 

aromatase activity (fmol oestrogen/mg protein/3hr)

histology of the carcinoma medull-medullary

pleomor-pleomorphic

adenoca-adenocarcinoma

grade of the carcinoma

stage of the carcinoma

oestrogen receptor concentration

experiment number

tumour

node

placental RNA amplified alone, positive control

cRNA amplified alone, positive control

no RNA, negative control 

undetectable

not determined
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Fig 6.3a. Assay 1. The comparison of 10 carcinomas for aromatase mRNA levels.

Patient

(menop)

mRNA

%density

arom.

activity

histol.

& grade

Stage ER

BF8930

(ND)

14.31 ND ND ND ND

303642

(ND)

8.71 0.72 Ductal

Gr.1

4 890

432868

(ND)

5.91 2.53 Ductal

Gr.2

1 308

426853

(ND)

2.74 UD Ductal

Gr.3

1 49

223679

(42)

0.985 1.07 Ductal

Gr.NA

1 722

110379

(50)

0.695 48.92 Mucinous

Gr.2

1 371

373700

(ND)

0.53 24.96 Ductal

Gr.NA

2 32

338976

(ND)

0.21 ND ND ND ND

330145

(54)

0.20 3.71 Ductal

Gr.3

1 ND

920667

(ND)

UD 2.86 Ductal

Gr.3

2 25
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Figure 6.3a. Assay 1. 10 Carcinomas.

Human

BF8930

432868

303642

C
-

' ■ ^

[

330145d
338976

373700

426853

920667

223679

D

D
I

□
c
[

cRNA —

Rat

10fig of each carcinoma was reverse transcribed with 2.3pg of rat cRNA. The DNA from the 

reverse transcription was then halved and both of these were amplified for 30 cycles. The 

duplicates are shown on the representative autoradiographs. Those patients whose RNA failed 

to amplify were disqualified from the experiment. Limited amounts of starting material, 

unfortunatley, prevented repeating the assays.
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Fig 6.3b. Assay 2. The comparison of 12 carcinomas for aromatase mRNA levels.

Patient

(menop)

mRNA

%density

arom.

activity

histol.&

grade

stage ER

130631

(50)

4.11 3.546 Ductal

Gr.2

2 288

BG3321

(45)

2.87 UD Ductal

Gr.2

2 63

BG2035

(53)

2.42 ND Ductal

Gr.3

1 55

BG2594

(50)

2.36 0.193 Ductal

Gr.1

1 ND

076273

(50)

2.26 5.74 Pleomor.

Gr.3

3 UD

574346

(50)

2.24 ND Ductal

Gr.3

4 141

921292

(55)

1.59 11.61 Ductal

Gr.1

1 474

328045

(50)

1.34 1.39 Ductal

Gr.3

4 UD

160631

(ND)

1.04 22.59 Ductal

Gr.3

2 39

201888

(50)

0.79 15.62 Ductal

Gr.3

2 436
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434008 0.38 14.79 Ductal 2 93

(ND) Gr.2 .

002486

(ND)

UD 0.64 ND

Gr.ND

ND 355



Figure 6.3b. Assay 2. 12 Carcinomas.
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Human

. \

Rat

BG3321 — &
«

921292 —

434008 —

BG2035 —

076273 —

201888 — &

574346 —

328045 — •
BG2035—

160631—

130631 —

002486 —  

Plac —

• 1

cRNA—  -  

—  /(-) #
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Fig 6.3G. Assay 3. T lie comparison of 10 carcinomas for aromatase mRNA levels.

Patient

(menop)

mRNA

%density

arom.

activity

histol.&

grade

stage ER

534027

(49)

3.35 ND Ductal

Gr.2

4 120

253475

(40)

2.512 ND Mucinous

Gr.ND

2 25

054260

(ND)

1.99 ND ND

Gr.ND

ND ND

829275

(51)

1.42 ND Ductal

Gr.3

2 UD

434578

(PRE)

1.015 ND Medull.

Gr.ND

2 ND

409254

(53)

0.815 ND Adenoca.

Gr.3

3 ND

664124

(ND)

0.18 ND ND

Gr.ND

ND 32

271536

(ND)

0.16 15.04 Mucinous

Gr.1

1 59

191705

(ND)

UD 2.51 Lobular

Gr.ND

2 589

403011

(55)

UD 17.33 Ductal

Gr.2

ND ND
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Figure 6.3c. Assay 3. 10 Carcinomas.

Human
R at

271536

191705

054260

434578

409254

604124p •
*—  •

829275r . '

534027[.
[403011

2 5 3 4 7 5 ^

P lac  —  

cR N A  —  

(-) —

T *:
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Fig 6.3d. Assay 4. The comparison of 5 carcinomas for aromatase mRNA levels.

Patent

(menop)

mRNA

%density

arom.

actvity

histol.&

grade

stage ER

150629

(40)

4.24 ND Ductal

Gr.2

2 ND

BG6089

(42)

1.81 ND Ductal

Gr.3

1 ND

BG7400

(48)

0.38 ND Ductal

Gr.2

2 UD

822197

(36)

0.27 20.15 Ductal

Gr.2

2 ND

304142

(ND)

0.15 ND ND

Gr.ND

ND 720
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Figure 6.3d. Assay 4. 5 Carcinomas.

Human Rat

BG7400

304142C
BG6O89Q

150629

822197[
Plac —  

cRNA —  

(-) —

I —rlL"
1' '

H jb '

4

#
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The separate experiments were tested for any correlations between the mRNA ieveis and 

aromatase activity or oestrogen receptor concentration in the tumour. Although the numbers of 

patients in each assay are too small to employ statistics in all cases, 2/4 (assays 6.3a-d) had 

sufficient data to establish that there was no correlation (Spearman’s rank correlation) between 

the ieveis of mRNA and aromatase activity and the mRNA levels and oestrogen receptor

concentrations in the tumours. Assays a and b had sufficient information for this statistical test. 

Carcinoma mRNA levels from 9 separate assays.

The carcinomas in Table 6.2 are those carcinoma sampies from the mastectomy sampies which 

also had their mRNA for aromatase in the adipose tissue measured. This represents a totai of 

13 carcinomas and 2 nodes. The table is arranged according to assay number and the 

autoradiographs of these carcinomas can be found with the adipose sampies in Figures 6.5a-j. 

12/13 of the carcinomas contained mRNA encoding aromatase and one of the two nodal 

sampies was positive.

Northern analysis of those patients RNA who were negative for mRNA encoding aromatase, but 

were positive for aromatase activity ail showed the RNA to be degraded. These were patients 

920667 (assay 1); 002486 (assay 2); 191705 and 403011 (assay 3); 532943 (assay e, PCR 5) 

and 332245 (assay h, PCR 8).
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Table 6.2. The comparison of mRNA for aromatase in 9 subsequent assays.

Patient

(menop)

mRNA

%density

arom.

activity

histoi.&

grade

stage ER exp

BG7400

(48)

0.20 ND Ductal

Gr.2

2 UD a

083568

(PRE)

0.49 ND DCIS

Gr.ND

2 ND a

340744

(PRE)

0.12 6.93 ND

Gr.ND

41 ND b

825205

(PRE)

0.41 3.86 Ductal

Gr.3

4 102 b

530847

(45)

0.65 ND Ductal

Gr.1

2 25 c

456291

(44)

1.35 ND Ductal

Gr.3

2 ND c

135626 

(30) .

0.071 ND Ductal

Gr.2

2 13 d

532943/N

(52)

UD 8.2 Lobular

Gr.NA

2 419 e

829275

(51)

0.55 ND Ductal

Gr.3

2 UD e
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001454

(58)

0.14 8.72 Ductal

Gr.2

2 UD f

478022/T

(40)

0.14 7.45 Ductal

Gr.ND

2 44 g

478022/N 0.32 28.48 g

332245

(55)

UD 22.59 Ductal

Gr.3

3 39 h

330171

(52)

0.15 8.97 Ductal

Gr.3

2 ND h

571312

(50)

0.025 ND Ductal

Gr.2

2 41 1
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6-3. Competitive PCR-Adipose.

The following Figures (6.5a-j) show the resuits from 9 separate assays in which 19 patients 

undergoing total mastectomy had adipose tissue removed from all breast quadrants as well as 

tumour and nodal samples, where available. RNA was extracted and comparative PCR empioyed 

on all samples.

Of the 19 mastectomy samples assayed, 9 revealed that the highest ievel of mRNA encoding 

aromatase resided in the adipose of the tumour bearing quadrant. This was a statistically 

significant resuit (Chi-Squared).



Figure legend for 6.5a-j.

UOQ upper outer quadrant

UIQ upper inner quadrant

LOQ lower outer quadrant

LIQ lower inner quadrant

ND information not determined

UD undetectable

The relative amounts of mRNA encoding aromatase are expressed as % density.

The tumour bearing quadrants are marked with an asterisk and the quadrant with the highest 

mRNA encoding aromatase is indicated in bold type.
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Fig 6.5a Mastectomy adipose PCR 1.

Human

UO □
UI

LO

L ' [

^^ w

i ^ - '.

' %
i

UO

UI

LO

[  :

[

L ^ q ;  -

Plac ^ 1 ^

c R N A —  .

H -

Rat

1 %
%

P a t ie n t UOQ U IQ LOQ L IQ Tumour

BG7400 0 .7 7 * 0 . 5 0 * 0 . 0 4 0 . 6 0 0 . 2 0

0 83568 1 9 . 3 4 * 4 . 7 7 1 .36 3 . 9 0 . 4 9



Fig 6.5b Mastectomy adipose PCR 2.
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Human

UO

UI

LO

i t

[ .

[

[
[

 ̂ [

:  à

UO

UI

LO

Plac —  

cRNA —  

(-) —

' n ! (

Rat

! JK
■-.ia

P a t ie n t UOQ UIQ LOQ LIQ Tumour

340744 0 . 2 7 5 0 . 1 5 0 . 4 5 * 0 . 3 9 0 . 1 2

825205 0 . 1 7 * 0 . 5 7 * 0 . 9 3 0 . 3 7 5 0 .41
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Fig 6.5c Mastectomy adipose PCR 3.

H um an Rat

UI

LO

c 
[

[

L ^ [

UO Q  

[
Plac —  

cRNA —  

(- )  —

P a t ie n t UOQ UIQ LOQ LIQ Tumour

530847 0 . 8 4 5 UD* 6 . 8 0 5 1 .85 0 . 6 5

456271 1 .66 0.81 ND* 5 . 9 2 1 .35



198

Fig 6.5d Mastectomy adipose PCR 4.

Human

UO

UI

*

UO

UI

LO

[  
i :

[
L

Plac —

^  J
cRNA —  \

Rat 

^  «

P a t ie n t UOQ U IQ LOQ L IQ Tumour

135 6 2 6 9 . 6 8 7 . 0 5 * 6 . 5 8 1 4 . 6 6 * 0 . 0 71

5 33 4 1 4 1 . 6 4 1 . 7 7 * 1 . 11 UD ND
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Fig 6.5e Mastectomy adipose PCR 5.

Human Rat

UO

UI

LO

cRNA -----

P a t ie n t UOQ UIQ LOQ L IQ Tumour 1

532943 3 . 1 2 * 0 .81 0 . 5 9 5 ND node UD

829275 1 . 2 5 * 1 . 77 1 . 1 2 5 * 2 . 0 2 0 . 5 5  II



Fig 6.5f
200

Mastectomy adipose PCR 6.

Human Rat

UO [,
UI r* L _

§ rLO L
LI [

[  
[  
[

T —

UI

LO

I -

Plac —  

cRNA —  

( - )  —

L

P a t ie n t UOQ UIQ LOQ L IQ Tumour 1

BG7038 0 . 0 9 0 . 0 2 0 . 2 3 5 * 0 . 0 6 ND 1

001454 0 . 2 9 5 * 0 . 8 2 0 . 3 3 0 . 2 6 0 . 1 4  1
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Fig 6.5g Mastectomy adipose PCR 7.

Human Rat

Plac —

CRNA I

(-) — ,

P a t ie n t UOQ UIQ LOQ L IQ Tumour Node

478022 2 . 5 8 * UD 0 . 8 1 . 16 0 . 4 0 . 3 2

234325 0 . 6 8 * 0 .81 0 . 8 4 0 . 4 8 * ND ND
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Fig 6.5h Mastectomy adipose PCR 8.

Human Rat

UI

LO c'r '
r *  ' *

" L
#•

- •

[ "  

u [  -

L ^ C r

UI •

LO

Plac —

cRNA —  V  #

P a t ie n t UOQ UIQ LOQ L IQ Tumour

332245 0 . 2 2 * 0 . 5 9 0 . 7 5 1 . 5 5 UD

330171 0 . 7 4 * 0 . 8 8 * 1 . 2 5 0 . 3 4 0 . 1 5
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Fig 6.5i Mastectomy adipose PCR 9.

Human Rat

UO

U I

LO

LI

Plac —  

cRNA —  

(-) -----

P a t ie n t UOQ U IQ LOQ L IQ Tum our

5 71 31 2 0 . 3 3 * 0 . 7 6 1 . 0 5 5 0 . 5 8 5 0 . 0 2 5  1

364591 0 . 7 1 0 . 8 9 * 0 . 5 2 0 . 2 7 5
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Fig 6.5j Mastectomy adipose PCR 10.
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DISCUSSION.

A total of 70 carcinomas were Investigated for mRNA encoding aromatase. 58/70(82.8%) were 

found to possess the mRNA for this enzyme and hence the potential to synthesise their own 

oestrogens. Of the 44 of these carcinomas assayed for aromatase activity, 33 (75%) were 

positive for activity of the enzyme. Although inter-assay comparisons of mRNA encoding the 

enzyme could not be made, the intra-assay comparisons with aromatase activity in the 

carcinoma and oestrogen receptor concentrations provided consistent conclusions, ie. that there 

was no correlation between both mRNA and aromatase activity and oestrogen receptor 

concentration.

Carcinomas clearly have the potential to synthesise aromatase and produce their own 

oestrogens from circulating androgens. Perhaps the presence of mRNA encoding aromatase 

is regulated according to the growth requirements of the carcinoma and the available supply 

of oestrogens, as discussed in the previous chapter.

The 19 mastectomy samples for which aromatase mRNA levels in adipose from each breast 

quadrant were compared to tumour location revealed that 9/19 of these carcinomas were 

located in the quadrant containing the highest mRNA encoding aromatase. This result does not 

agree with the results from Chapter 5 which found no correlation between tumour site and 

aromatase activity in the surrounding adipose tissue in 65 mastectomy samples.

There are several potential explanations for these apparently paradoxical results. Firstly, the 

aromatase assay may be an inaccurate measure of enzyme activity in these samples, due to the 

relative complexities of the tritiated water release assay which may produce misleading results, 

as discussed in Chapter 2 (materials and methods). Alternatively, the mRNA may not be 

translated into protein, or the half-life of the mRNA may differ between patients, such that the 

mRNA levels (dependant on the rate of mRNA turnover) and aromatase activity (dependant on
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the rate of transcription, the half-life of the enzyme and all other variables affecting activity) do 

not correlate.

The results of these studies using quantitative PCR in adipose tissue from mastectomy 

quadrants have been confirmed however, by Dr. S. Bulun who observed a similar relationship 

between the adipose mRNA levels and tumour position in 10/13 cases (personal 

communication).

To summarise, 82.8% of the carcinomas contained mRNA encoding aromatase. However, the 

levels of this did not correlate with observed aromatase activities in the same carcinomas. Those 

carcinomas that appeared to be negative for mRNA but positive for aromatase activity were 

shown to have had degraded mRNA by northern analysis. The location of the carcinoma in 9/19 

patients was in the quadrant containing the highest mRNA level, which was statistically 

significant.
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GENERAL DISCUSSION 

CHAPTER 7.
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In this thesis, the expression and activity of the aromatase cytochrome P450 enzyme has been 

investigated in adipose and tumour tissue taken from patients undergoing surgery for either 

benign or malignant breast disease. This has been achieved by the development and 

application of a competitive PCR technique for the quantitation of aromatase mRNA and the use 

of an established tritiated water release assay for the measurement of aromatase activity. This 

has allowed the comparison of expression and activity in benign and malignant lesions and in 

adipose tissue from different locations within the breast. Expression and activity levels were also 

correlated with various clinical indices.

The study of 77 patients with benign breast disease determined that 70% had detectable 

aromatase activity in the lesion. In one of the few other studies in the literature concentrating on 

the importance of aromatase activity in benign breast disease (O’Neill and Miller, 1987) reported 

no correlations with aromatase activity in adipose tissue from patients with benign breast 

disease and age at menarche, menopause or length of reproductive life. There was also no 

correlation between histology of the lesion and aromatase activity. The present study would 

support these findings and in addition suggest that there is a connection between aromatase 

activity and other clinical indices. However, benign breast disease patients with a negative family 

history of breast cancer were most likely to have high aromatase activity in their adipose tissue, 

compared to those patients with a positive family history for breast cancer. This observation was 

only true for the adipose tissue aromatase activity and not for aromatase activity present in the 

lesions. This is perhaps a paradoxical observation, in that the patients reporting a positive family 

history might be expected to have a higher aromatase activity in either the lesion or adipose 

tissue than those with a negative family history, presuming that some genetic predisposition to 

breast disease is linked to aromatase. However, there have been no such reports to date, and 

the aromatase gene is located on chromosome 15 (Chen et a/., 1988) whereas the best 

characterised familial breast cancer gene lies on chromosome 17 (Porter etal., 1992). Another 

explanation for this observation is that there may be a suppression of aromatase activity in the 

adipose tissue of those patients with a positive family history via some genetically linked factor.



209

perhaps a growth factor, which Influences local aromatase production In the adipose tissue and 

not aromatase production In the lesion. It may also be that In those patients with a negative 

family history, local biochemical changes are more Important In the development of a lesion than 

In those patients with a positive family history.

Aromatase activities In the carcinomas were found to be comparable to those others reported 

In the literature (Upton et al., 1988; Miller, W.R. 1991; Silva et al., 1989) and 82% of the 

carcinomas In the present study had detectable aromatase activity. There were a number of 

parameters relating to breast cancer risk factors and tumour characteristics which were 

Investigated for possible relationship to aromatase activity In both the adipose tissue and the 

carcinoma tissue.

134 patients with malignant breast disease were examined with regard to aromatase activity In 

the adipose and/or carcinoma. As reported previously (Donegan, 1988) and consistent with the 

benign patients, the majority of the lesions lie In the upper outer quadrant of the breast. The 

work reported here determined If there was any relationship between location of the carcinoma 

and aromatase activity either In the adipose of the quadrant containing the tumour or any other 

Indices relating to the carcinoma.

The majority of the carcinomas were Invasive ductal In histology and when the relationship 

between carcinoma histology and aromatase activity was examined, a significant correlation 

was revealed. Carcinomas which were ductal (Including the Inflammatory cancers) or lobular In 

origin contained significantly higher aromatase activity than the carcinomas in situ. The other 

histological classes of carcinoma, tubular, adenocarcinoma, mucinous and medullary all had 

Intermediate activities between these two groups. This observation has a number of possible 

Interpretations. Perhaps the carcinomas in situ have repressed enzyme activity compared to the 

true Invasive carcinomas, which have a greater aromatase activity. Alternatively, the aromatase 

activity may be enhanced by factor(s) unknown In the Invasive carcinomas, perhaps even
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influencing metastatic potential. It is interesting to note that there were no statistical differences 

in the aromatase activities between the benign and malignant breast lesions or adipose tissue. 

This is a contrary observation to that reported by O’Neill et al, 1987 who found that aromatase 

activity in malignant breast lesions was higher than in benign breast lesions. A possible scheme 

for breast cancer progression based on these results is proposed in Figure 7.1. It is suggested 

that the majority of breast cancers in their early evolution are benign. With continual exposure 

to oestrogens during normal reproductive life, the tumours go through a progression towards 

carcinoma in situ. During this progression, the tumour lo ses aromatase activity. In its further 

development to invasive carcinoma which occurs with increasing age after the menopause, the 

aromatase activity increases again. It is further proposed that the progression of the aggressive 

inflammatory carcinomas can bypass the carcinoma In situ stage and do not differ in aromatase 

activity from the invasive carcinomas observed in the post menopausal age group. In support 

of this hypothesis, it is known that several classes of benign lesion pre dispose to malignancy 

(Chapter 1, 3-1 to 3-4). Benign lesions are mainly a disease of pre menopausal women and as 

the menopause approaches, total exposure to oestrogens reaches a peak. At the peri- 

menopausal stage, carcinoma in situ is a commonly observed lesion and it is thought that this 

will progress to invasive cancer if left untreated (the risk of breast cancer in affected patients is 

7-9 times higher than the general population). Inflammatory carcinomas are most commonly 

observed in pre menopausal women and as it was noted from work reported in this thesis that 

aromatase activity does not vary significantly between the benign and malignant tumours.

Grading of carcinomas standardises the degree of differentiation which is displayed by the cells, 

thus giving a prognostic indicator of how well the carcinoma is likely to respond to treatment 

(Bloom and Richardson, 1957). The distribution of carcinoma grades was approximately equal 

between grades 1-3. However, grade 1 (well differentiated) carcinomas were found to contain 

significantly higher levels of aromatase activity than grade 2 (moderate differentiated) 

carcinomas; grade 3 (poorly differentiated/anaplastic) carcinomas being intermediate of these 

two groups. The finding here that the better differentiated carcinomas contained higher
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Figure 7.1. Proposed scheme for the progression of breast cancer.
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aromatase activity than the moderately differentiated carcinomas is suggestive of aromatase 

being expressed in those cells which are closer to the normal state. This is consistent with the 

finding in this thesis that the aromatase mRNA is present in all foetal i\ssues tested thus far, but 

the protein is only produced in easily detectable amounts by the foetal liver. Foetal tissues are 

often used as model for carcinoma as their degree of differentiation is minimal. Perhaps as the 

tissues go through the differentiation process, either in the foetal or neoplastic state, the 

aromatase enzyme responds to other factors involved in this process and the expression of the 

enzyme is regulated accordingly.

Miller (1991) observed that aromatase activity was related to the cellularity of the carcinoma. The 

higher the cellularity, as measured by the cell count, the higher the aromatase activity. Although 

the present study does not include this type of cell count, it is an interesting observation which 

deserves further comment. Aromatase cytochrome P450 in adipose tissue was demonstrated 

to have higher mRNA and activity levels in the stromal component, consisting of fibroblasts, 

epithelial cells, endothelial cells and macrophages, when compared to adipocytes, which make 

up the bulk of the adipose tissue. Bulun et af. (1992) reported that the aromatase activity in 

adipose tissue collected from women undergoing mastectomy for malignant breast disease was 

higher in stromal cell content in the quadrant containing the tumour compared to the other 

quadrants. As it has already been reported that the aromatase activity is higher in the adipose 

tissue from the quadrant containing the tumour (O’Neill et al. 1988) the reports by Bulun and 

Miller (1991) add weight to the suggestion that aromatase production by the stromal element 

of the adipose tissue is important in the maintenance of the carcinoma. It may also be that the 

stromal cell component of all the carcinomas are the greatest contributor to their aromatase 

activity.

Aromatase activity in the carcinoma tissue did significantly correlate to the oestrogen receptor 

concentration. The relationship between these two parameters was an inverse one, the 

carcinomas containing the highest aromatase activity had the lowest oestrogen receptor



213

concentration. Other reports in the literature have shown no relationship (Bezwoda et a!., 1988 

and Silva et al., 1989) and a positive relationship (Miller and O’Neill, 1987). This situation may 

be partly due to the differences in measurement of oestrogen receptor concentration between 

the groups, the present study all the receptor measurements are performed using a radio

receptor assay. One interpretation of this negative correlation is that the aromatase enzyme is 

regulated by the availability of oestrogens to the carcinoma wa the oestrogen receptor. If 

circulating oestrogens are low, or the level of the receptor is low, then aromatase enzyme 

production may be stimulated. Conversely, if the oestrogen receptor levels are high and the 

carcinoma is receiving an adequate supply of oestrogens from exogenous sources, then the 

aromatase enzyme is not required and its synthesis is ceased. In the former scenario, it is 

difficult to imagine how the oestrogens produced by aromatase would act on the breast cancer 

cells in view of the low receptor numbers. There are two possible suggestions as to how this 

problem may be overcome by the cells. The oestrogens synthesised may not be acting directly 

on the carcinoma cells, but in a paracrine fashion on surrounding cells, perhaps adipose stromal 

cells, to stimulate the production of growth factors which, in turn, sustain the growth and 

maintenance of the carcinoma. Or perhaps oestrogens induce their own receptor in the 

carcinoma, as is known to happen in rat adipocytes (Pedersen etal., 1992).

There was no relationship demonstrated in the present study between the aromatase activity 

in either the adipose or carcinoma tissue and age of the patient, family history or number of live 

births. This is in agreement with the studies by Silva etal., 1989 and Miller, 1991. Previous work 

has demonstrated that there is a positive correlation between aromatase activity and age in 

adipose tissue, Hemsell etal. (1974). However, this project was unable to confirm this finding. 

However, there was a significant negative correlation between aromatase activity in the 

carcinomas tissue and age at menopause of the patient. Age at menarche and length of 

menstrual history also had this negative relationship with aromatase activity in the carcinoma, 

but the strongest correlation in linear regression analysis, was found to be the age of the patient 

at menopause; the older the woman at the time of natural menopause, the lower the aromatase
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n the carcinoma. This observation may be accounted for by the levels of circulating 

2ns in menopausal women being maintained for longer in those with a late menopause, 

ie carcinoma is well supplied with oestrogens without having to synthesise its own. The 

ship between this and the observation of the differences between aromatase activity and 

Bn receptor concentration are outlined in Figure 7.2. In pre-menopausal women, or 

with a late menopausal onset, or in obese post menopausal women, where circulating 

en levels are maintained at high concentrations, aromatase activity in the tumour is low. 

*1 tumour aromatase activity is associated with a high oestrogen receptor concentration, 

son for this may be that the carcinoma is receiving sufficient oestrogen from exogenous 

and does not require to produce its own via the aromatase enzyme. In contrast, in 

whose menopause is at an early age, the total amount of secreted oestrogens are lower, 

ig associated with a high aromatase activity in the tumour and hence low oestrogen 

' concentrations. In this situation, the oestrogen produced may have a paracrine effect 

surrounding breast tissue, perhaps the stromal component of the adipose tissue and 

e this to produce growth factor(s) which then maintain the tumour. The data from the 

ar biology studies shows that 82.8% of the carcinomas have the mRNA encoding 

ise and 81.9% have detectable aromatase activity.

a collected from the PCR studies of benign and malignant breast disease show that 

f the benign lesions had the potential to aromatise androgens from oestrogens and that 

)f the malignant lesions have this potential. As the results can only be compared within 

and not between assays using this competitive PCR technique, there was insufficient 

allow the comparison of all the clinical indices with aromatase mRNA levels. However, 

onship found between the oestrogen receptor concentrations and aromatase mRNA and 

there was no correlation between aromatase mRNA and aromatase activity in the same 

carcinoma.
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Figure 7 ^  Proposed scheme for aromatase control at the cellular level.
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Aromatase mRNA in the adipose tissue from all four quadrants of 19 breast carcinomas was 

quantified using the competitive PCR technique. 9/19 of these samples displayed the highest 

aromatase mRNA in the quadrant containing the carcinoma. This was a statistically significant 

observation that supports the view put for word by O'Neill and Miller (1988) that aromatase in 

the adipose tissue is influenced by or is influencing the growth or maintenance of the carcinoma. 

However, no correlation between the position of the carcinoma and the aromatase activity in the 

adipose tissue was found in the 65 patients studied. The lack of correlation between aromatase 

mRNA levels and aromatase activity in the carcinoma or adipose tissue may have several 

possible explanations. The rate of transcription of the mRNA, or the half-life of the mRNA may 

vary within the breast tissues, both in the adipose and the carcinoma tissues, such that the 

amount of mRNA does not relate to the observed aromatase activity. Alternatively, there may be 

post-transcriptional modifications of the enzyme which cause the observed discrepancies. 

Although adipose stromal cell tissue culture models show that mRNA encoding aromatase 

reflects the aromatase activity well (Evans etal., 1987) these types of experiments have one cell 

type in vitro and involve stimulating aromatase activity eg. with Btg-cAMP and phorbol esters, to 

note these observations. The In vivo situation is very probably different to this because of the 

hetrogenous cell population and their paracrine interactions. There are, however, other examples 

where mRNA and protein activity do not correlate, Hammond et al., 1992, reported that the 

mRNA levels of IGF binding proteins in ovarian granulosa cells did not correlate with the 

observed level of protein. Similarly, the induction of cytochrome P450IIEI in the liver during 

starvation and in diabetes, is regulated transcriptionally, but not via the stimulation of mRNA 

synthesis (Porter etal., 1989 and Ronis and Ingleman-Sundberg, 1989).

This raises the question of whether the measurements of enzyme activity or the presence of 

mRNA is the most appropriate. The aromatase tritiated water release assay is a commonly used 

assay. The main criticism of this method is that background release of the 1-6 tritium molecule 

from the substrate gives misleadingly high results and that the amounts of this enzyme present 

in adipose tissue are low enough for this to be a cause of concern. However, it was shown that
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the activities of the adipose samples were completely abolished by the specific aromatase 

inhibitor, 4-hydroxyandrostenedione (Chapter 2, Figure 2.2a & b). The assay was also carefully 

controlled in each run by the addition of a series of described standards.

The literature presents many arguments both for and against the use of this assay and Thijssen 

etal. (1991) produced a compilation of different interpretations of the results obtained by this 

assay, if calculated in terms of wet weight tissue, or by mg DNA. Clearly, the expression of the 

results influences their interpretation.

The competitive PCR technique also has its limitations. The quantitation of the mRNA levels must 

be interpreted carefully and not extrapolated too far in that absolute copy numbers of aromatase 

cannot be quoted. The amplification of the DNA is dependant on the starting materials and any 

small discrepancies in these will result in an exponentially amplified and disproportionate amount 

of product. However, the technique was carefully set up and verified and controlled for each 

experiment and although /nfer-assay comparisons were not made, intra-assay comparisons were 

quite valid and interesting observations have been made concerning the relative levels of 

aromatase mRNA in the adipose tissue from 19 patients undergoing mastectomy for malignant 

breast disease and in 70 carcinoma samples.

The merits and drawbacks of both assays having been examined, it is tempting to favour one 

method over the other for future work. Certainly, the PCR method can handle small amounts of 

carcinoma tissue while the tritiated water release assay gives a measure of the activity of a 

produced protein and not a measure of the potential \o produce the enzyme. However, ideally 

both required to assess the potential and actual ability of the tumour to produce oestrogens.
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There is a future potential for the continuation of this work in the study of how patients respond 

to aromatase inhibitor therapy. A retrospective study of the aromatase activity and relative mRNA 

levels in patients treated with 4-hydroxyandrostenedione, which has recently become available 

for wide-spread clinical use, would determine the percentage of patients who respond favourably 

to this treatment to be those which have high aromatase mRNA and/or activity in the adipose 

tissue or carcinoma tissue. The use of tru-cut biopsy techniques would allow the rapid 

assessment of carcinoma aromatase mRNA in patients with carcinoma and in future use, 

perhaps to pre determine response to such inhibitor therapy. At the present time approximately 

33% of patients respond to anti-aromatase therapy (Lonning etal., 1989 and Miller, 1990) and 

it would be interesting to pursue this line of inquiry to determine the relationship between this 

and relative levels of aromatase in the carcinomas.

The promoters for aromatase in breast carcinoma tissue are also an important future area of 

study, following the recent reports of Mahendroo eta!., 1991; Means etal., 1991 and Kilgore et 

al., 1992 who demonstrated the differential use of various promoters for aromatase in different 

tissues. There may also be a defect in the aromatase gene in carcinomas. It was previously 

thought that there were no defects in the gene as no deficiency syndromes of aromatase had 

been reported. However, Shozu et al., 1991 demonstrated a human placental aromatase 

deficiency and Kilgore (1992) raised the possibility that this may have arisen through a defect 

in the major placental aromatase promoter. A similar alteration in the aromatase gene regulation 

may be possible which would allow carcinoma tissue to proliferate in an uncontrolled manner, 

through the supply of its own oestrogens.

Paracrine control of this enzyme in breast adipose stromal cells in vitro by oestrogens would be 

an interesting topic for investigation, suggested by the findings of this thesis. As would the 

assessment of the location of the aromatase enzyme in primary breast cancers and surrounding 

adipose tissue, perhaps employing in situ hybridisation techniques.
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Finally, It remains to say that, in my opinion, the role of aromatase in breast cancer is probably 

an important one in the progression and maintenance of the disease, if not in its initiation. Each 

individual case of breast cancer would appear to be very different, but there must be some 

common, if as yet unidentified, ground which they share and can be utilised to combat the 

disease.
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APPENDIX 1.

BENIGN BREAST DISEASE PATIENTS.
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A M
A G E G F
G E N E A H
E M 0 S M I
M E S T H s

S A E N I P I T
E G N 0 A A S 0

PATNO X E S P I R I LESLOCAT L TUMGRADE TDMSTAGE ERSTATUS AAUOQU AAUIQU AALOQU AALIQU AATUM

325258 1 44 15 1 1 0 4 1 56.84 17.40
336947 1 12 1 0 0 1 1 1.00
338917 1 33 13 1 1 1 4 1 .16 .84
576311 1 24 13 1 0 0 1 1 2.28 79.99
373700 1 36 14 1 2 0 1 1 40.94 28.96
434300 1 24 14 1 0 0 8 1 3.21
274722 1 1.60
170646 1 68 3 1.51
434388 1 25 1
104654 2 19 5 1 1.89
338570 1 40 1 11.58
532512 1 22 13 1 0 0 1 1
064414 1 49 16 1 0 1 2 1
530054 1 21 18 1 0 0 2 1
326703 1 29 12 1 0 0 1 1
008162 1 39 14 1 1 0 9 2
245824 1 33 1
530792 1 22 1
470776 1 48 1 1 2 1
431290 1 35 1 0 1 1 14.32 46.40
476328 1 33 14 1 3 1 3 1 .00 .00
338767 1 21 13 1 0 0 1 1 4.17
337993 1 31 15 1 0 0 1 1 .00 5.31
572621 1 40 11 1 4 0 6 2 . 47.68 .00
026864 1 45 14 1 4 0 2 2
170613 1 57 13 53 3 5 1 1 1 2.17
432065 1 29 13 1 0 0 1 1 18.23 23.80
435755 2 29 1 5 1
435752 1 27 13 1 0 0 1 1 .00 !oo
375597 1 30 13 1 4 1 1 1 70.95
338307 1 57 16 39 3 2 1 6 3 .00 .00
434123 1 29 12 1 3 1 3 1 74.63
434968 1 41 13 1 0 0 2 1 15.79 6.34
433360 1 43 12 1 1 1 1 1 .26 .00
826756 1 47 14 1 0 0 6 1 .00 .00 .00

AA TUM AA NODE AA AXILL AA PERIT

16

28

00

43 39
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136845 1 54 13 3 5 1 3 1 .00
433999 1 68 12 3 0 1 10 2 . 9999.99
134526 1 27 15 1 3 0 6 1 .00 .00 2.46
819977 1 73 11 42 3 0 1 8 1 .00 .00
017623 1 83 15 3 0 1 1 1 .94
524858 2 70 1 5 1 .00
304652 1 51 13 50 3 0 0 36.45
905328 2 63 0 5 1 .00
432025 1 54 13 3 3 0 1 1 .00
436227 1 34 12 1 1 0 9 1 .00 .00 .00
311197 1 42 14 1 3 0 1 1 .00
BG3152 1 45 14 1 4 0 1 2 . 74.91 38.28
BG2530 1 44 13 1 0 1 9 1 .00 .00 .00
339860 1 57 13 52 3 0 1 1 1 ! 2i61 3.11
BG4765 1 31 11 1 0 0 1 1 .00
577474 1 42 11 1 3 1 1 1 24.34 364.13
470068 1 30 14 1 4 0 1 2 .00 .00
322606 1 49 11 1 0 1 1 2 51.58
306177 1 54 3 2 0 10 1
431730 1 42 13 2 3 0 1 1 ! ! i !03
431640 1 42 14 1 4 1 6 1 . 4.23
BF9735 1 72 12 53 3 4 0 1 1 5.62 .00
082873 1 42 99 1 2 0 1 1 .00
232943 1 30 1 0 7 1 . 155.70 178.65
161503 1 62 12 50 3 2 0 1 2 .00
474153 1 35 11 1 1 0 3 1 .00 .00
435863 1 28 14 1 1 0 9 1 .00
108746 1 54 13 3 1 0 3 1 51.52 56.84
BF9095 1 47 14 1 0 0 7 1 . 22.44 11.38
117373 1 40 3 1 3 1 .00 41.57
479347 1 33 12 1 4 0 1 1 .00 4.25
434304 1 66 12 48 3 3 0 5 2
336641 1 27 12 1 0 0 1 1 27.56 4.24
332245 1 54 14 3 3 0 6 1 .00 .00 .00
191705 1 64 13 50 3 2 0 1 1 .00 12.84
431424 1 23 13 1 0 0 6 1 .00 .00 .00
434304 1 50 14 2 5 0 1 1 . 40.03 51.44
610405 1 32 0 5 2 .00
472867 1 59 14 1 2 0 6 2 . 88.50 70.71
BG3070 1 70 13 54 3 2 1 1 1 1.71 .00
470776 1 48 16 1 4 1 1 1 .00 .00
432356

Number

1 77 14 50 3 2 0 

o f cases l is te d  =

1 1 

77

. 1394.92 163.52

00

12 85

00
00
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APPENDIX 2.

MALIGNANT BREAST DISEASE PATIENTS.
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A M
A G E G F
G E N E A H
E M 0 S M I
M E S T H S

S A E N T P I T
E G N 0 A A S 0

PATNO X E S P T R T LESLOCAT L TUMGRADE TUMSTAGE ERSTATUS AAUOQU AAUIQU AALOQU AALIQU AATUM AANODE AAAXILL

020635 1 82 3 2 1 6 99 33 19.62 2.41
815625 1 75 3 1 1 1 4 2 2 3 62.55 49.24
271563 1 82 3 0 1 8 1 1 59 6.54 15.04
131380 1 75 3 1 0 1 5 2 2 589 4.25 2.51 2.16
534074 1 29 1 0 0 1 4 3 2 8 4.57 5.86
530153 1 68 3 4 8 1 8.85
434008 1 4 2 2 93 14.79 3.47 5.22
332254 1 4 3 3 0 3.06 2.35
530777 1 79 3 0 0 1 4 1 2 280
531699 1 58 3 1 0 1 4 3 2 281
534027 1 49 2 1 0 7 12 2 4 120
BG6089 1 80 3 2 0 3 4 3 1 .
611058 2 62 16 53 3 2 0 1 4 2 Ô '.00 ! 11.61 .00
915639 1 61 53 3 0 0 1 6 1 . 1.83 26.12
438153 1 63 14 43 3 5 0 1 7 2 2 0 33.61 .00 !oo .00
828600 1 47 14 1 2 0 1 4 1 2 22 33.59 .00
609206 1 45 13 1 2 1 7 12 3 4 0 .00 .00 .77
BF8997 1 51 12 2 3 1 1 4 1 1 59 .00 .00 .00
223679 1 81 14 42 3 0 1 4 1 122 .00 1.07 .00
228056 1 71 14 42 3 0 1 4 2 2 780 8.14 9.54 28.00
279034 1 71 17 53 3 2 1 1 4 2 2 20 .00 .00
436729 1 52 12 49 3 2 0 7 4 2 374 .00 .00 .00
151543 1 63 14 52 3 4 1 3 4 2 330 70.47 15.61
201888 1 74 12 50 3 2 0 1 4 3 2 436 .15 15.62
822197 1 46 11 36 3 2 0 1 4 2 2 4.04 20.15
439161 1 79 13 54 3 4 1 1 8 2 348 .00 .00
431343 1 77 16 40 3 0 0 1 4 3 2 86 .00 .00
451515 1 80 12 40 3 1 1 4 2 1 87.96
054260 1 80 14 50 3 0 0 1 5 3 4 .00
219826 1 77 15 3 0 0 1 5 1 2 2.08
434578 1 30 13 1 1 0 1 9 2 0 3.59
432868 1 68 14 3 0 0 1 4 2 1 308 .00 2.53 10.81
339407 1 61 10 42 3 2 1 1 4 3 1 1.92 17.05 4.09 1.58
328045 1 69 15 50 3 0 0 1 4 3 4 0 .00 1.39 4.77 .00
BG5057 1 65 12 55 3 3 0 1 4 3 2 12 .00 .00 .00 .00
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00

17

14

10

00
20
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BG4337 1 77 15 44 3 2 0 1 4 3 2 36.61 .00 .00 .00
330145 1 56 15 54 3 3 1 1 4 1 1 3.71 3.09 1.52 1CL72
370976 1 56 13 50 3 0 0 2 6 1 88 128.21 26.71
085654 1 44 13 1 3 1 1 4 2 49 25.35 3.85
BG2594 1 79 15 50 3 1 0 1 4 1 1 .00 .19 .00 .00
BG0639 1 51 11 50 3 2 0 6 5 1 1 15.65 5.35 5.08
409245 1 55 15 53 3 2 0 10 7 3 3 .00
BF5636 1 46 12 1 2 1 4 10 .00 46.22
436995 1 81 14 52 3 5 0 3 99 1 1 325 00 .00
039526 1 66 14 46 3 1 0 6 7 1 96 5.51 7.78
303913 1 54 12 51 3 0 1 1 4 2 1 3.07
110379 1 86 15 50 3 2 0 3 8 2 1 371 00 48.92 1CL78
110920 1 80 15 55 3 0 0 . 7 2 17.33
304410 1 44 14 44 2 5 0 7 4 2 2 l! lO
253475 1 73 15 40 3 2 0 3 8 2 25 00
156695 1 61 13 50 3 2 1 1 4 1 479 .00 .00
801516 1 37 13 1 3 0 3 4 1 2 4 54 4.50 .00
824511 1 20 11 1 0 0 7 12 4 6 15 36.54
BF9545 1 42 15 1 3 0 1 99 0 .00
121102 1 52 15 52 3 2 0 7 6 1 1.13
426853 1 73 . 3 2 4 1 49 .00 .00 .00 .00
924657 1 44 14 1 2 0 6 4 1 1 107.48
338894 1 54 15 2 2 0 1 9 1 0 10.67 .20 4.04
403957 1 75 11 42 3 4 0 3 6 2 120 33.52
278233 1 45 15 45 2 0 0 2 4 .00 125.64
534842 1 43 2 . 12 4 13.96
471615 1 39 1 0 . 11 201.15
421768 1 79 3 . 4 2 0 41.54
138113 2 54 . 4 187 ).86 4.54
338976 1 55 3 . 4 2 32 24.96
363642 1 59 3 . 4 1 4 890 1.64
002486 1 . 99 355 .64
339908 1 50 14 2 3 1 2 4 1 .00 13.80 8.32
BG2139 1 72 3 2 0 1 7 2 21 .92 2.88 1.66
130631 1 78 13 50 3 2 0 7 4 2 288 34.29 51.17 19 01 83.88 3.55 87.20 23.72
434005 1 64 13 . 3 2 0 9 8 1 2 2.33 3.31 6 15 7.20
355270 1 71 12 45 3 2 0 10 10 2 0 .00 .00 69 1.08 16.29 2.50
359952 1 58 13 50 3 2 0 6 4 2 2 50 72.60 2.76 1 29 .52 17.50 .00 76.00
BG1624 1 39 11 1 0 0 7 12 3 4 0 .99 2.61 2 64 .00 1.74
138143 2 52 1 1 4 2 183 .00 .00 .00 .00 .00 .00
312437 1 47 12 2 2 1 10 12 3 4 0 5.95 10.80 196 61 179.14 5.72 19.94 1.62 12.49
471615 1 39 14 1 1 0 1 11 2 2.63 .00 1 35 .86 201.15
338898 1 47 14 1 2 0 1 4 3 2 0 31.00 .00 31 30 .00 33.95 18.06
210254 1 75 16 42 3 0 0 4 4 3 2 127 7.85 14.10 7 28 10.50 4.22 7.18
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112792 1 70 15 40 3 1 6 4 2 1 42 .00 .00 21.30 2.86 29.40 .00 2.42
270163 1 43 12 1 0 1 4 7 1 1 .00 .00 .00 .34 78.06 52.07
458156 1 65 13 46 3 2 0 4 4 2 49 5.59 32.99 1.06 .00 13.50 6.18
303642 1 60 15 3 5 1 2 12 1 4 890 .00 2.26 3.75 1.19 .72
076273 1 74 12 50 3 1 0 3 99 3 3 0 6.98 9.15 26.58 19.17 5.94 .00
BF4976 1 75 15 3 2 0 10 12 4 0 1.77 2.78 5.29 2.69
BG1857 1 40 16 1 4 0 1 4 2 1 251.80 220.20 3.69 14.98
358032 1 68 14 52 3 3 0 5 5 1 12 2.85 2.29 .00 2.03 1.48 5! 61
160631 1 89 3 0 0 7 4 3 3 39 .00 2.20 1.97 7.38 22.59 8.47
430657 1 63 13 50 3 1 0 3 4 3 4 458 .46 .84 .26 .86 .63 !26
574346 1 63 13 50 3 0 1 6 12 4 141 11.00 .00 .00 .00 4.68
921292 1 52 13 50 3 2 0 1 4 3 2 474 .00 1.30 .56 .85 11^63 1.98 i !49
432219 1 85 14 50 3 0 0 6 4 2 4 484 2.85 11.70 116.00 13.90
083568 1 49 14 1 4 0 1 10 2 1.32 .00 5.98 1.92 !oo
BG3321 1 58 11 45 3 3 0 7 4 2 2 63 2.17 .00 2.23 2.35 .00 21.26 2.14
BD9860 1 54 12 3 2 0 1 4 1 1 161 14.65 8.72 5.16 7.44 3.74
336383 1 88 13 42 3 1 0 3 4 3 4 0 .00 .00 .00 .00
224916 1 61 14 52 3 5 0 1 10 1 .00 .00 .00 .00 !oo
091626 1 65 12 45 3 0 0 10 10 2 4 26 2.48 1.04 .00 .00 70.08
432934 1 49 12 1 3 0 1 4 3 1 0 2.55 .00 31.00 5.52 36.90
303058 1 62 3 8 4 3 1 52 1.71 1.78 1.76 1.85 .00 .56
434888 1 69 14 45 3 1 ô 1 5 3 4 0 1.75 7.49 .00 34.00 7.67 5.46 2.65
436938 1 57 14 47 3 0 0 2 4 2 4 25 .00 .19 .00 1.39 .00
920667 1 72 3 3 0 3 4 3 2 399 .71 50.00 3.52 .00 2.86 .54 2^92
123601 2 73 0 3 4 2 4 .00 .00 125.64 .00
064563 1 84 15 60 3 1 0 1 4 1 1 408 .71 .55 .83 .87 .37 .00 3.56 !oo
806824 1 59 13 54 3 3 0 10 10 1 .00 1.78 .00 .00
BG2035 1 86 14 53 3 1 0 8 4 3 1 55 3.45 1.49 14.85 2.31 12.14 i !35
901974 1 49 1 1 1 7 4 2 2 47 58.40 6.34 13.04 .00 6.24 17.80 2.52
827338 1 84 12 45 3 3 0 1 4 1 3 6.25 1.82 3.07 .00 .00 .00
109934 1 64 12 51 3 0 0 1 4 2 3 0 .00 .00 .00 .00
605096 1 45 14 1 3 0 1 4 3 27 .00 .00 6.77 .00 1.15 4.04
330171 1 68 . 3 3 1 6 4 3 2 5.88 6.43 7.40 3.94 8.97
234325 1 71 3 4 0 10 11 1 .00 6.22 .48 5.95
434876 1 82 3 0 0 5 10 2.09 .00 2.20 7.21 6.93
001454 1 78 3 0 0 1 4 2 2 27 5.48 6.93 2.24 .15 8.72 7.40
332245 1 55 2 2 0 1 4 3 3 39 4.33 5.46 10.51 6.12
478022 1 75 3 1 0 1 4 2 44 5.54 3.78 7.08 6.52 7.45 28.48 3'. 31
135626 1 52 3 0 1 2 4 2 2 13 6.10 4.18 2.77 3.55
BG7038 1 40 1 4 0 3 4 2 2 0 .00 2.65 .00 3.03
532943 1 71 3 2 0 1 5 2 2 419 .00 5.02 .00 3.31 8.20 7.54 .00
825205 1 30 1 0 0 6 12 3 4 102 1.23 10.71 8.19 3.05 3.86
340744 1 32 1 0 0 7 12 4 41 7.33 11.75 18.71 9.98 6.93 2.66
530847 1 79 3 1 0 2 4 1 2 25 11.40 6.65 10.00 12! 68
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533414 1 45 . . 1 2  0 2 4 2 1 26.39 81.89 2.58 2.,00
331067 1 75 . . 3 2 0 1 4 2 2 12.86 6.52 13.34 2 15
829275 1 73 . . 3 2 0 7 4 3 2 0
536248 1 41 . . 2 4 0 5 4 2 2 .78 3.’ 66 2^25 77
535760 1 54 . . 3 3 0 1 4 3 2 , 1.85 2.61 2.35 3 79
571312 1 63 . . 3 4 0 1 4 2 2 41 5.95 7.35 6.95 9 46
172087 1 47 . . 2 . . 4 2 2 0
304591 1 45 . . 2 2 0 2 4 2 2 40
150629 1 72 . . 3 1 0 1 4 2 2
456291 1 44 . . 2 2 0 3 4 3 2
BG7400 1 51 . 

Number o f cases

. 3 0 0  

l is te d  = 134

6 4 2 2 0 • •

54
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Legend to Appendices 1 and 2.

PATNO patient hospital number

SEX 1 female

2 male

AGEMENS age at menses

AGEMENOP age at menopause

MENOSTAT menopausal status 1

2

pre-menopausal 

peri-menopausal 

post-menopausal

GESTPAR gestation and parity 0 nulliparous

1 G1P1

2 G2P2

3 G3P3

4 G4P4

5 G5P5

FAMHIST family history 1 positive

2 negative

LESLOCAT lesion location as Table 5.2
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HISTOL 1 benign class 1

2 benign class 2

3 benign class 3

4 ductal carcinoma

5 lobular carcinoma

6 tubular carcinoma

7 adenocarcinoma

8 mucinous carcinoma

9 medullary carcinoma

10 □CIS

11 LOIS

12 inflammatory carcinoma

TUMGRADE tumour grade

TUMSTAGE tumour stage (Carcinomas only)

ERSTATUS oestrogen receptor concentration
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APPENDIX 3. 

METHODOLOGY.



Legend:

A protein determination assay was employed (BioRad, Heme! Hempstead, Herts.) utilising a BSA 

standard curve. Absorbances at 595nM were linear for BSA in the concentration range 0- 

1.4mg/ml (Appendix 3). Since protein concentrations in the patient microsome preparations 

ranged from 0.5-8mg/ml,the patient samples were diluted in order to maintain the absorbance 

readings within the linear range of the calibration plot.
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Protein Determination Assay:Calibration Plot.
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FORMULA FOR THE CALCULATION OF AROMATASE ACTIVITY.

net cpm x androstenedione (pmol)

0.67 X extraction efficiency x total substrate (cpm)

extraction efficiency = ^HOHrecovered - machine background X 3

^HOHtotal - machine background

total substrate = 16 [^H] androstenedione counted in quench medium 

^HOHrecovered = cpm of standard recovered after extractions 

^HOHtotal = cpm of standard added to quench medium 

Results were expressed as pmol oestrogen/mg protein/3hr.
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ABSTRACT. Local production of estrogen in breast tissue 
may influence the growth of breast cancers. Peripheral conver
sion of Ci9 steroids to estrogens is catalyzed by the aromatase 
enzyme complex which is comprised of a specific form of cyto
chrome P450, aromatase cytochrome P450 (P 4 5 0 arom) and the 
flavoprotein, NADPH-cytochrome P450 reductase. To evaluate 
P 4 5 0 arom mRNA levels in breast tissue, a specific competitive 
polymerase chain reaction amplification procedure was devised. 
In this method, a rat P 4 5 0 arom complementary RNA is coam
plified as an internal standard in order to compare amplification 
reactions. The amplification products are recognized by hybrid
ization with -labeled oligonucleotides specific for each species.
Densitometry is used to quantitate autoradiographs. Initial stud
ies using RNA from whole breast tissue obtained from reduction

mammoplasty revealed linearity of the relationship between the 
densitometer signal from the human amplification product and 
total RNA concentration. Breast tissue was then separated into 
a floating adipocyte fraction and a pelleted fraction containing 
the other cellular elements by collagenase digestion and centrif
ugation. Comparison of specific content of aromatase amplifi
cation product per unit weight of RNA extracted from adipocytes 
and pelleted cells revealed considerably higher levels in the RNA  
from the nonadipocyte fraction. Immunocytochemical charac
terization of this fraction revealed the presence of several cell 
types including macrophages, ductal epithelial cells, and endo
thelial cells, but primarily cells of stromal origin. (J Clin Endo
crinol Metab lé :  1241-1252,1^B2)

Th e  aromatase enzyme complex is responsible for 
the conversion of Cig-steroids to Cis-estrogens. This 

complex is composed of a specific cytochrome P450, 
namely aromatase cytochrome P450 (P450arom), and a 
flavoprotein, NADPH-cytochrome P450 reductase. Aro
matase activity has been demonstrated in human adipose 
tissue (1-4) including the breast (4-6). Localized produc
tion of estrogens in the breast may contribute to the 
growth of estrogen-responsive breast cancers (7), espe
cially in postmenopausal females. Since levels of trans
latable P450arom messenger RNA (mRNA) appear to 
correlate with enzyme activity (8), further insight into 
the role of aromatase in the etiology of breast disease 
may be gained by determining the levels of mRNA en
coding this enzyme.
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P450arom mRNA levels in adipose tissue are, in gen
eral, too low to be visualized by means of northern 
blotting. For this reason we developed a sensitive, specific 
competitive polymerase chain reaction (PCR) amplifi
cation method to determine P450arom mRNA levels in 
samples of breast tissue. With the PCR reaction, primer- 
directed amplification of a DNA fragment leads/to ex
ponential product increases, and thus to greatly en
hanced sensitivity. This technique may be used to rec
ognize rare or abnormal genomic DNA sequences (9-11) 
or can be coupled with a reverse transcriptase reaction 
to determine specific mRNA levels (12-14). However, 
since product accumulation is exponential, any small 
differences in variables affecting amplification efficiency 
would greatly alter the final product yield, thus making 
it impossible to reliably compare results from one sample 
to another. To obviate this problem, a known amount of 
another transcript (12) or complementary DNA (cDNA) 
(13) may be coamplified as an internal standard. In this 
report coamplification of rat P450arom cRNA sequences 
as an internal standard was employed in order to com
pare amplification efficiencies. Using this technique, 
P450arom mRNA levels have been determined in samples
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of whole breast tissue as well as in cells derived from 
breast tissue by collagenase digestion, and separated by 
centrifugation into a floating adipocyte layer and a pel
leted fraction. This fraction was further characterized by 
immunocytochemical staining.

Materials and Methods

Tissue acquisition and processing

Breast tissue was obtained at the time of surgery from women 
undergoing reduction mammoplasty for symptomatic macro- 
mastia. Written consent obtained before surgery was obtained 
using a consent form and protocol approved by the Human 
Research Review Committee of The University of Texas South
western Medical Center. Whole breast tissue samples were 
frozen in liquid nitrogen and stored at -70 C until processing 
for RNA. Alternatively, breast tissue was separated from the 
overlying skin, finely minced, and then incubated for 45 min 
at 37 C in Kreb’s Bicarbonate buffer containing BSA (4%, wt/ 
vol; Pentex fraction V, Miles Laboratories, Elkhart, IN) and 
collagenase (0.6 mg/ml) (type lA, Sigma, St. Louis, MO). 
Undigested tissue was removed by filtering through gauze mesh 
and the preparation was then centrifuged at 400 X g for 10 min. 
The floating adipocyte layer and pelleted fraction were then 
processed separately. Each was washed with Kreb’s buffer by 
resuspension and recentrifugation. Floating adipocytes re
moved from the underlying buffer were frozen in liquid nitrogen 
as was the pelleted fraction after removal of buffer.

Human RNA isolation and rat P450arom  complementary RNA 
(cRNA) synthesis

Human total RNA was isolated from frozen tissue or cell 
preparations by the guanidinium thiocyanate-CsCl method 
(15). Rat P450arom cRNA was synthesized from a rat cDNA 
clone (16) in the plasmid bluescript M13KS (Stratagene, San 
Diego, CA). Plasmid DNA was linearized by Sal-1 digestion 
and purified by treatment with proteinase K. cRNA was syn
thesized using T7 RNA polymerase in a Riboprobe System 
(Promega, Madison, WI). DNA was removed by treatment with 
RQl DNase at a concentration of 1 U/jug DNA. RNA was 
determined by spectrophotometric absorption at 260 nm.

Oligonucleotide sequences

Synthesized oligonucleotides used as primers and radiola
beled probes were as follows. The sequence of the 20-mer 3'- 
oligonucleotide used for initial primer extension was 5' 
TTGTTGTTAAATATGATGCC 3', whereas that of the 20- 
mer 5'-oligonucleotide used during amplification was 5' ATAC- 
CAGGTCCTGGCTACTG 3'. Both the 3'- and 5'-primers rec
ognize identical sequences in the rat and human RNA. The 
sequence of the 23-mer oligonucleotide used as a probe for the 
human amplification product was 5' TAATGATTGTGCTT- 
CATTATGTG 3', whereas that of the 23-mer oligonucleotide 
used as a probe for the rat amplification product was 5' 
TAGTTGCTGTGCTTCATCACATG 3'.

PCR amplification and hybridization

Initial primer extension was performed at 42 C for 60 min 
using 100 pmol of the 3'-oligonucleotide, 1 m M  final concentra
tion of each dNTP, and 800 U MMLV-RT (BRL, Gaithersburg, 
MD), in a final volume of 50 /il. The same buffer was used for 
initial primer extension and amplification, comprising 50 m M  
KCl, 20 m M  Tris-HCl (pH 8.3), 4 m M  magnesium chloride, and 
1 mg/ml nuclease-free BSA (BRL). A master amplification mix 
contained 50 pmol 3'-oligonucleotide, 100 pmol 5'-oligonucle
otide, 500 fiM final concentration of each dNTP, and 40 U 
RNasin (Promega) in a volume of 100 fil. Eighty microliters of 
amplification master mix, 20 {A initial primer extension reac
tion, and 5 U Taq polymerase (IBI, New Haven, CT) were 
amplified by repeated cycles at 93 C for 1 min, 40 C for 1 min, 
and 72 C for 1 min. Amplification product was then either 
separated by electrophoresis in 2% agarose and electrophoret- 
ically transferred to Zeta probe (Bio-Rad, Richmond, CA) or 
solution denatured and applied by vacuum to Zeta probe in a 
slot-blot apparatus (Schleicher & Schuell, Kenne, NH). South
ern hybridization with the 5'-oligonucleotide probe end-labeled 
with and specific to the rat amplification product was 
continued overnight at 62 C, whereas hybridization with the 
P̂ -̂labeled oligonucleotide specific to the human amplification 
product was continued overnight at 55 C. Autoradiographs were 
quantitated using a computerized laser densitometer (Molecu
lar Dynamics, Sunnyvale, CA which measured volume density 
of each slot of a slot-blot autoradiograph). Length of exposure 
was controlled such that densitometry readings were in a linear 
range.

Immunocytochemistry

Freshly pelleted cells from breast tissue samples were spun 
onto poly-L-lysine-coated glass slides using a cytocentrifuge. 
Some were air-dried and stained for morphology (Diff-Quik, 
Baxter, Miami, FL). Most were stored at -20 C until used for 
immunocytochemistry. Samples were stained for the interme
diate filament vimentin using a murine monoclonal antibody 
(antiswine vimentin, M725) and for cytokeratin using either a 
monoclonal antibody (antihuman cytokeratin, M821) or rabbit 
antibovine keratin antiserum, all obtained from Dakopatts 
(Carpinteria, CA). The murine vimentin antibody has very 
broad interspecies cross-reactivity (Dakopatts) including hu
man. Both cytokeratin antibodies are highly cross-reactive to 
a variety of human keratins (Dakopatts). Additionally, appro
priate staining was verified using human adipose stromal cells 
and cultured human breast epithelial cells. Optimal concentra
tions of each were predetermined using abdominal fat stromal 
cells (vimentin), cultured breast epithelial cells (polyclonal 
anticytokeratin), and endometrial tissue sections (monoclonal 
anticytokeratin). Intermediate filaments were stained using 
either an avidin-biotinylated peroxidase procedure (ABC 
method. Vector, Burlingame, CA) when monoclonal antibodies 
were employed or indirect immunofluorescence when using the 
polyclonal antibody. Slides were stained for monocytes/mac- 
rophages using either the KB90 or EBMll murine monoclonal 
antibodies (Dakopatts), and visualized using an alkaline phos
phatase-anti-alkaline phosphatase (APAAP) technique. Opti
mal dilutions were determined on peripheral blood mononu
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clear cells. Endothelial cells were identified by indirect immu
nofluorescence with a murine monoclonal antibody to human 
Factor V I I I  (Boehringer Mannheim, Indianapolis, IN ), tested 
previously on human umbilical vein endothelial cells.

For indirect immunofluorescence, frozen cytospins were 
fixed in -2 0  C methanol for 5 min, and exposed to murine 
monoclonal anti-Factor V I I I  or rabbit antikeratin for 30 min, 
followed by fluoresceinated donkey anti-mouse immunoglobu
lin G (IgG) or goat anti-rabbit IgG, respectively. Cross-reactiv
ity to human serum proteins had been removed from both 
secondary antibodies (Jackson Immunoresearch Laboratories, 
West Grove, PA). After a final PBS rinse, slides were cover- 
slipped with 90% glycerol containing diazobicyclooctane to 
minimize quenching and observed on a Zeiss Photomicroscope 
I I  equipped with epifluorescent illumination. For other inter
mediate filament staining, frozen cytospin samples were fixed 
in -2 0  C acetone for 5 min, rinsed in PBS, and exposed 
sequentially to the following: normal blocking serum (20 min), 
primary antibody (30 min), biotinylated secondary antibody 
(30 min), 0.5% H 2O2 in methanol to block endogenous peroxi
dase reactivity (5 min), ABC complex (45 min), and the sub
strate aminoethylcarbazole with 0.01% H 2O2 (15 min), with 
PBS washes in between. Slides were counterstained with he
matoxylin and mounted with G VA Mount aqueous mounting 
medium (Zymed) for observation by routine light microscopy. 
For macrophage staining, frozen slides were thawed, air dried, 
and fixed at room temperature in acetone for 10 min, then 
exposed sequentially to: Primary antibody (60 min), F(ab ' ) 2  

fragment of goat antimouse IgG with minimum cross-reactivity 
to human IgG (30 min), APAAP complex (30 min, Dakopatts), 
and the substrate (1 mg fast blue salt/1 ml buffer, 30 min), 
with washes in Tris-buffered saline in between. After a final 
wash, slides were coverslipped without counterstaining in GVA  
mount for observation by light and phase microscopy. For each 
slide, several hundred cells were counted, with fields selected 
at random, and the percentage of positive cells calculated. For 
each staining regimen, control slides were treated in the same 
fashion except buffer was substituted for primary antibody. 
These routinely yielded negative results.

Results

With oligonucleotide primers recognizing identical se
quences in the rat cRNA and human mRNA, the DNA 
amplification products in each case are of identical size, 
273 base pairs and extend from exon II to exon IV of the 
respective cDNAs (16, 17). The amplification products 
are 84.6% homologous between the two species. Figure 1 
illustrates the specificity of each probe for the respective 
amplification products. Breast tissue RNA, rat P450arom 
cRNA, and a combination of the two were amplified and 
after transfer to Zeta probe, hybridized with the species- 
specific oligonucleotides. Since the labeled oligonucleo
tide probes were specific and principally recognized only 
the respective 273 bp amplification product, in subse
quent experiments direct transfer of the amplified mix
ture to Zeta probe was employed, followed by slot-blot 
analysis for easier quantification. Next, we established a

# #

RAT PROBE

^  273 bp

HUMAN PROBE

<  2 7 3  bp

BREAST RATP45oarom COMBINATION 
RNA cRNA

Fig. 1. Southern hybridization of rat and human P 4 50 arom DNA 
amplification products with species-specific ^T-labeled oligonucleo
tides. Ten micrograms of breast RNA, 2.5 pg rat P 4 50arom cRNA, and 
a combination of the two were amplified for 30 cycles. Amplification 
products were divided into equal halves, subjected to electrophoresis in 
2% agarose, and electrophoretically transferred to Zeta probe. The Zeta 
probe filter was divided and each blot probed with the respective 
species-'" pec'.fie '’̂ P-LibLed oligonucleotide.

range of initial quantities of breast RNA which yielded 
linear increases in human amplification product in the 
presence of a constant amount of coamplified rat 
P450arom cRNA. Each sample was assayed in duplicate 
and each initial primer-extended product was amplified 
in duplicate. Since all experimental reactions contained 
the identical initial amount of rat P450arom cRNA, any 
differences in recovery of rat amplified product would 
reflect differences in the efficiency of the initial primer 
extension or amplification. As an internal control, den
sitometry values for each rat amplified product were 
normalized to the mean of all rat densitometry values, 
and then the densitometry value for the corresponding 
coamplified breast product was corrected by the same 
factor. The results for the breast amplification products 
were expressed as corrected percent total volume density. 
In general, for each experimental condition, two samples 
of RNA were exposed to first strand cDNA synthesis 
and then each sample was amplified in duplicate. Thus 
four results were shown per condition and the standard 
error bars demonstrate the variability within these four 
results.

Figure 2 shows that linearity of human amplification 
product was achieved with starting amounts of breast 
RNA ranging from 10-40 ixg. This demonstrates that
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Fig. 2. Coamplification of breast RNA 
and rat P450arom cRNA showing in
crease in breast P450arom amplification 
product with increasing initial amounts 
of breast tissue RNA. Ten, 20, 30, and 
40 /ig breast RNA were coamplified with 
13.7 pg rat P450arom cRNA for 20 cycles. 
Each sample was tested in duplicate, 
with duplicate amplifications for each 
primer extension. Product yield is re
ported as corrected percent of total vol
ume density (mean ±  s e m ) as described 
in the text. Statistical analysis was per
formed using the Student-Neuman- 
Kuels method at a level of significance 
of 0.05. Confidence interval overlaps 
were as follows; 10:20; 20:10,30; 30:20,40; 
40:30.

10

20

30

40

RAT ONLY

HUMAN ONLY

HUMAN

with 20 cycles of amplifications using 13.7 pg rat P45O450 

cRNA, reactants such as dNTPs and primers remain in 
excess and thus the amount of breast amplification prod
uct is dependent upon the initial number of P450arom 
transcripts in the total RNA. If a PCR reactant had been 
depleted, the graph would have been hyperbolic in ap
pearance. Subsequent experiments used not more than 
20 /Lg breast RNA and 20 cycles amplification.

Figure 3 illustrates the results of amplification of four 
samples of P450arom mRNA from adipocytes and pel
leted cells derived from breast tissue from three patients. 
It is apparent that the cells contained in the pellet had 
from 3.5- to 19-fold higher levels of P450arom mRNA 
per unit weight total RNA than did the adipocytes. In 
some experiments a small amount of cross-reactivity of 
the human ^T-labeled oligonucleotide probe to the rat 
amplification product was noted in control tubes con
taining initially only rat P450arom cRNA. The amount 
of cross-reactivity would be proportional to the amount 
of rat amplification product and thus, would not be a 
factor in the final calculations. There was no significant

20 -1
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Z
UJo

Ï
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Q
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500 10 20 30 40

BREAST RNA (pg)
RAT

cross-reactivity of the rat ^^P-labeled oligonucleotide 
probe to the human amplification product. In samples 
from two patients, the equivalence of the starting 
amounts of human RNA was verified either by visuali
zation of RNA on an ethidium bromide-stained gel, or 
by northern hybridization with an 18S ribosomal RNA 
oligonucleotide probe (data not shown).

The pelleted cells from the breast tissue of two patients 
used in the aforementioned experiment were spun onto 
glass slides, and further characterized by Giemsa staining 
and immunocytochemistry (Fig. 4). Stained samples re
vealed predominantly medium and large sized mononu
clear cells of varying staining intensities (Fig. 4A). Some 
binucleate cells were seen, as well as occasional cell 
clusters and short tubular structures. Epithelial cells 
(cytokeratin positive) comprised only 0.3% and 1.7% of 
the total count and were often seen as clusters of small 
cells (Fig. 4B). Samples were also stained for vimentin 
intermediate filaments, characteristic of cells of mesen
chymal origin, including stromal cells, endothelial cells, 
and macrophages (weak). The majority of the cells were

Fig. 3. Comparison of P450arom mRNA 
levels in breast adipocytes and pelleted 
cells prepared by collagenase digestion 
and centrifugation of breast tissue. 
Twenty micrograms of breast RNA were 
coamplified with 13.7 pg rat P450arom  

cRNA for 20 cycles. Results of four ex
periments using three patients are 
shown along with a representative slot 
blot autoradiograph. Product yields are 
expressed as corrected percent total vol
ume density (mean ±  SEM). Control am
plifications containing only rat 
P450arom cRNA, breast RNA, or no 
RNA are shown.

ADIPOCYTES

PELLETED CELLS

HUMAN ONLY

RAT ONLY

NO RNA

A p A P A P A P

HUMAN PATIENT 1 PATIENT 2 PATIENT 3 RAT
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Fig . 4. Characterization of pelleted cells from breast tissue. A, Giemsa 
staining: The majority of cells are medium- or large-sized mononuclear, 
sometimes binuclear, cells. B, Cytokeratin: The small percentage of 
positive cells are usually smaller than most other cells and often seen 
in clusters. C, Vimentin: Although positive staining varies considerably 
in intensity, the majority of cells are positive. D, Macrophage marker 
CDllc (KB90): A macrophage is clearly seen; the majority of cells are 
negative for this marker but are not visible in this uncounterstained 
specimen. All are cytospin preparations of fresh cells, stained as in 
Materials and Methods, pictured at 365x magnification.

vimentin positive (81% and 92%) (Fig. 40). Cells ex
pressing macrophage markers comprised 8% and 18% of 
the cells (Fig, 4D), whereas those identified as endothe
lial cells by Factor V III staining were even fewer (6.3% 
and 7.6%) of the total cells. Thus, the majority of cells 
in the pelleted fraction were stromal cells.

Discussion

PCR amplification theoretically can yield a 10̂ - to 10̂ - 
fold increased sensitivity over northern blotting (14,18) 
for detection of oligonucleotides. But, due to the expo
nential increase in amplification product, any minute 
differences in variables which affect amplification effi
ciency will exaggerate differences in yield. Use of a 
master mix for amplification improves the situation but 
significant variation between amplification reactions 
may persist (13). In our experience, there was more 
variation in the initial primer extension efficiency than 
in amplification reactions. In order to compare amplifi
cation product yields, we employed the strategy of coam
plification of a known amount of rat P450arom cRNA as 
an internal standard. By using a cRNA internal standard, 
both primer extension and amplification are controlled. 
In addition, since amplification efficiency depends upon 
primer/template melting temperatures and length of 
template, we used identical primers for the rat P450arom 
cRNA and human mRNA and the amplification products 
were of identical length. The use of specific radiolabeled 
oligonucleotide probes increases sensitivity over visuali
zation of DNA product with ethidium bromide staining

of gels. Specific probes also obviate any problem with 
the formation of product dimers. In systems in which 
amplification products are separated by restriction en
zyme digestion (13), product dimers will not be cleaved 
and thus the yield will be underestimated. By using a 
low number of amplification cycles we ensured that 
primers and dNTPs remained in excess and thus product 
yield is dependent only on initial P450arom mRNA levels.

Local production of estrogen by fatty tissue of the 
breast may contribute to the growth of estrogen-depend
ent breast carcinomas. Fat tissue is composed primarily 
of lipid laden mature adipocytes and stromal cells. 
Stromal cells are capable of further differentiation into 
mature adipocytes and are regarded as preadipocytes 
(19). In this study we report greatly elevated P450arom 
mRNA levels in the cells derived from breast tissue by 
collagenase digestion which were pelleted by centrifuga
tion, compared to the adipocyte layer. By far, the major
ity of cells contained in the cellular pellet are stromal 
cells. The low percentage of epithelial cells in the pellet 
is probably due to the method of tissue preparation. Since 
breast parenchymal tissue is less susceptible to collagen
ase digestion than fatty tissue, the technique selects for 
fat tissue cell types. Two interpretations regarding higher 
P450arom mRNA levels in the pelleted cell fraction are 
possible. Either stromal cells contain more P450arom 
mRNA than adipocytes, or the minority cell types such 
as epithelial cells, macrophages, and endothelial cells 
contain such high levels of P450arom mRNA that the 
level in the total pelleted cell fraction is high even though 
the level in stromal cells may be low. To date aromatase 
activity has not been evaluated in these particular cells 
of the breast. However, studies of isolated alveolar mac
rophages (20) and cultured umbilical cord endothelial 
cells (21) have failed to reveal aromatase activity, so it 
is likely that the aromatase activity resides in the stromal 
cells themselves, rather than the minority cell types.

Previous in vitro studies of aromatase activity in sc fat 
cells (1, 22) prepared by the sapie method of collagenase 
digestion and centrifugation revealed the adipocyte frac
tion to contain 13% of the aromatase activity while the 
stromal/vascular cell pellet contained 87% (1). Yet, 
membrane fractions from adipocytes and stromal cells 
both exhibited aromatase activity, leading to the conclu
sion that the low level of activity in the intact adipocyte 
in vitro was due to sequestration of the steroid precursor 
in the lipid droplet, thus rendering it inaccessible to the 
aromatase enzyme (22). Clearly, although this may be 
true, there is also a dramatic difference in expression of 
P450arom in these two cell types.

The implications of our findings are that regions of 
differing cellularity of the breast may have different rates 
of estrogen biosynthesis. This may be relevant to growth 
factor stimulation of breast cancer. Breast carcinomas
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induce a stromal desmoplasia in vivo (23) surrounding 
the tumor, probably via a paracrine effect of growth 
factors such as platelet derived growth factor, insulin
like growth factor-1, and transforming growth factor-j8 
(7, 24, 25). One possibility is that this local stromal cell 
proliferation increases the aromatase activity around the 
breast cancer and thus the estrogen milieu, contributing 
to breast carcinoma cell growth. This hypothesis would 
be one explanation for the results demonstrated by Miller 
and associates (26) in which aromatase activity was 
found to be highest in breast adipose tissue from breast 
quadrants containing a carcinoma. Alternatively, tumors 
may grow preferentially in a specific region of the breast 
where aromatase expression is highest, perhaps because 
of the proportion of specific cell types localized in that 
region. Studies are presently in progress to test these 
hypotheses.
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A B S TR A C T . The aromatase enzyme complex is responsible 
for the conversion of 019 steroid^ to estrogens. Aromatase 
activities ranging from moderate to very low have been measured 
in human fetal tissues. The inability to demonstrate aromatase 
cytochrome P450 (P450arom) messenger RNA (mRNA) in sev
eral fetal tissues by northern blotting has been attributed to low 
levels of specific message. In order to identify and compare 
P 4 50aro m  mRNA levels in fetal tissues, we developed a specific 
competitive polymerase chain reaction amplification technique.

This reaction uses coamplification of a rat P 4 5 0 arom comple
mentary RNA to normalize differences in amplification efficien
cies. Using this technique, P 4 5 0 arom mRNA was identified in 
all fetal tissues studied including; liver, lung, brain, skin, intes
tine, kidney, spleen, and heart. Fetal liver contained far more 
P 4 50 arom mRNA per total RNA than any other tissues studied. 
Fetal brain and intestine also tended to have slightly higher 
levels than other tissues. {J Clin Endocrinol Metab 74; 879-883, 
1992)

T h e  aromatase enzyme complex consists of two com
ponents, a specific aromatase cytochrome P450 

(P450arom) and a flavoprotein, NADPH-cytochrome 
P450 reductase. This enzyme is responsible for the con
version of C19 steroids to estrogens. Aromatase activity 
has been identified in several human fetal tissues, either 
by double radioisotope product crystallization studies (1- 
7) or by measuring the rate of incorporation of tritium 
from [l/3-^H]androstenedione into [®H]water (8). Estro
gen formed in fetal tissues may act locally to affect 
physiological development. For example, animal studies 
show that estrogen production in the hypothalamus and 
limbic areas of the brain from androgen precursors im
part the male type tonic gonadotropin release, whereas 
lack of the precursor in the female leads to cyclic gonad
otropin release (1, 9). Fetal tissue estrogen biosynthetic 
activities are quite low compared to those found in the 
placenta. Thus far, RNA encoding P450arom has been 
demonstrated only in fetal liver (10). Since P450arom 
messenger RNA (mRNA) levels appear to correlate with 
gene expression (11), the inability to demonstrate
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P450arom transcripts in fetal tissues has been attributed 
to low rates of transcription of the gene encoding 
P450arom-

In this paper we describe use of a competitive polym
erase chain reaction (PCR) amplification technique to 
identify and compare P450arom mRNA levels in multiple 
fetal tissues including; heart, skin, intestine, liver, lung 
spleen, kidney, and brain. The reaction uses coamplifi
cation of a rat P450arom complementary RNA (cRNA) 
in order to compare amplification efficiencies. Our re
sults reveal the presence of P450arom mRNA in all 
tissues studied with the highest levels being found in 
fetal liver.

Materials and Methods

Tissue acquisition and preparation

Tissues were obtained from fetuses of 13-20 weeks of gesta
tion at the time of induced abortion. Informed consent from 
the women undergoing abortion was obtained using a consent 
form and protocol approved by the Human Research Review 
Committee of the University of Texas Southwestern Medical 
Center at Dallas. Fetal tissues were rinsed in normal saline and 
immediately frozen in liquid nitrogen. Tissues were maintained 
at -70 C until processed for RNA isolation. Tissues were 
obtained from two groups of fetuses with each group comprised 
of three to four fetuses. Within a group, tissues were pooled to 
ensure that adequate amounts of total RNA were obtained 
during isolation.

879
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Total fetal RNA was isolated by the guanidinium thiocya- 
nate-cesium chloride method (12). Rat P 4 5 0 a ro m  cRNA was 
synthesized from a rat P 4 5 0 a ro m  cDNA clone (13) in the 
plasmid Bluescript M13KS (Stratagene, San Diego, CA), Plas
mid DNA (2.4 Mg) was linearized by Sail digestion at 37 C for 
1 h, purified by proteinase K treatment (final concentration 
0.2 ng/fiL) and then cRNA was synthesized using T7 polym
erase in a Riboprobe System (Promega, Madison, WI). DNA 
was removed by treatment with DNase at a concentration of 1 
U/Mg DNA. RNA concentration was measured by spectropho
tometric absorption at 260 nm.

Northern analysis and synthesis of cDNA probe

Northern analysis of fetal total RNA was performed using a 
formaldehyde gel system and electrophoretic transfer to Zeta 
probe membrane (Bio-Rad, Richmond, CA). A [^T)CTP radi
olabeled 597 base pair (bp) single strand complementary DNA 
(cDNA) probe was generated by asymmetric PCR from a hu
man P 4 5 0 a ro m  cDNA clone (14). The 3 '-oligonucleotide (5' 
CCAATATTCAGGATAATGTT 3') was complementary to 
nucleotides 1204/1223 of the human cDNA. The 5' oligonucle
otide (5' CACGCTCTTCTTGAGGATCC 3') was identical to 
nucleotides 628-647 of the human cDNA. cDNA template (47.7 
Mg), 288 ng 3'-oligonucleotide, 3 ng 5'-oligonucleotide (1:100 
ratio of 5' to 3' oligonucleotides), 2.5 mmol/L dATP, dTTP, 
dGTP, 0.25 m M  dCTP, 5 mL, [32P]dCTP (3000 Ci/mmol) and 
2.5 U Taq (Cetus, Norwalk, CT) in a final volume of 50 mL 
were overlaid with 150 mL light mineral oil and amplified at 93 
C (1 min), 47 C (3 min), 65 C (3 min) for 40 repeated cycles. 
The buffer for this reaction consisted of 50 mmol/L KCl, 10 
mmol/L Tris-HCl, pH 8.3, 1.5 mmol/L Mg CL, and 0.01% 
gelatin. Northern analysis with the labeled partial cDNA was 
performed overnight at 42 C in a hybridization solution con
sisting of 50% formamide, 5x SSC, 50 mmol/L Na phosphate 
buffer (pH 7), lOx Denhardt’s, 250 ng/mL salmon sperm DNA, 
1% sodium dodecyl sulfate (SDS), and 0.1% Na pyrophosphate. 
Northern analysis with a 30 mer 5' [®̂ P] end-labeled oligonu
cleotide (5' CTTCCTCTAGATAGTCAAGTTCGACCGTCT 
3') specific to 18S ribosomal RNA was performed overnight at 
55 C in a hybridization solution consisting of 6X NET (0.9 
mol/L NaCl, 90 mmol/L Tris-HCl, pH 8.3, 6 mmol/L EDTA), 
5x Denhardt’s, 0.1% SDS, 100 Mg/ml salmon sperm DNA, and 
0.1% Na pyrophosphate. Washings of increasing stringency 
with SSC/SDS were performed at room temperature and at the 
hybridization temperature until appropriate background radio
activity was achieved.

Competitive PCR oligonucleotide sequences

Synthesized oligonucleotides used as primers and radiola
beled probes for competitive PCR were as follows. The sequence 
of the 20 mer 3'-oligonucleotide used for initial primer exten
sion was 5' TTGTTGTTAAATATGATGCC 3' and was com
plementary to nucleotides 417-436 of the human cDNA and 
nucleotides 469-488 of the rat cDNA. The 20 mer 5' ATAC- 
CAGGTCCTGGCTACTG 3' was identical to nucleotides 166- 
185 of the human cDNA and nucleotides 217-236 of the rat

cDNA. Both the 3' and 5'-oligonucleotides recognized 
quences identical in the human and rat RNA. The sequence of ‘ ff' 
the 23 mer oligonucleotide used as a probe for the human DNA 
amplification product was 5' TAATGATTGTGC'TTCAT- , 
TATGTG 3' and was complementary to nucleotides 340-3% 
of the human cDNA. The sequence of the 23 mer oligonucleo. 
tide used as a probe for the rat DNA amplification product wag 
5' TAG'TTGCTGTGCTTCATCACATG 3' and was comple* 
mentary to nucleotides 391-413 of the rat cDNA.

PCR amplification and hybridization

For competitive PCR amplification experiments, both hu
man total RNA and rat P 4 5 0 a ro m  cRNA were contained in the 
same reaction vessel for initial primer extension and subse
quent amplification. Initial primer extension was performed at 
42 C for 60 min using 100 pmol 3' oligonucleotide, 800 U 
MMLV-RT (BRL, Gaithersburg, MD) and 1 mmol/L final 
concentration of each dNTP in a final volume of 50 mL. The 
reaction buffer consisting of 50 mmol/L KCl, 20 mmol/L Tris- 
HCl (pH 8.3), 4 mmol/L MgCL, and 0.1 mg/mL nuclease-free 
BSA (BRL, Gaithersburg, MD) was used for both primer ex
tension and amplification. A master amplification mix was 
made containing 100 pmol 5'-oligonucleotide, 50 pmol 3'-oli
gonucleotide, 40 U RNasin (Promega, Madison, WI), and 500 
mmol/L final concentration of each dNTP in a final volume of 
100 mL. Twenty microliters of the primer extension reaction,
80 mL master amplification mix, and 5 U Taq polymerase (IBI, 
New Haven, CT) were overlaid with 150 mL light mineral oil, 
and amplified by repeated cycles at 93 C for 1 min, 40 C for 1 
min, and 72 C for 1 min. RNA was removed by treatment with 
RNase A at 37 C for 30 min and amplification product was 
then either separated from other components of the reaction 
by electrophoresis in 2% agarose and electrophoretically trans
ferred to Zeta probe, or solution denatured with 0.3 M NaOH 
and applied to Zeta probe in a slot blot apparatus (Schleicher 
& Schull, Kenne, NH). Southern analysis with the 5' [^T]end- 
labeled oligonucleotide specific to the rat DNA amplificaticm 
product was performed overnight at 62 C in hybridizati<m 
solution consisting of 6x NET (0.9 mol/L NaCl, 90 mmol/L 
Tris-HCl, pH 8.3, 6 mmol/L EDTA), 5x Denhardt’s, 0.1% 
SDS, 100 Mg/ml salmon sperm DNA, and 0.1% Na pyrophos
phate. Southern hybridization with the 5' [̂ Tjend-labeled 
oligonucleotide specific to the human DNA amplification prod
uct was performed overnight at 55 C.

Washings of increasing stringency with SSC/SDS were per
formed at room temperature and at the hybridization temper
ature until appropriate background radioactivity was achieved.

Autoradiographs were quantified using a computerized laser 
densitometer (Molecular Dynamics, Sunnyvale, CA). Exposure 
time was controlled such that densitometry values were in s 
linear range otherwise noted in the text.

Results

Figure 1 illustrates the results of PCR amplification 
of P450arom mRNA from various fetal tissues. Total 
RNA (20 Mg) from each fetal tissue was amplified for 50 
repeated cycles. Subsequent Southern hybridization with
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Fig. 1. PCR amplification of 273 bp DNA product from P450 arom 

mRNA in fetal tissues. A, twenty micrograms of fetal total RNA were 
amplified for 50 repeated cycles. The 273 bp DNA product was sepa
rated from other reactants by electrophoresis in a 2% agarose gel and 
then electrophoretically transferred to Zeta probe. Southern hybridi
zation with a 5'[“ P]end-labeled oligonucleotide probe revealed the 273 
bp DNA product. B, A longer exposure ultimately identifies product in 
all tissues studied.

the human specific radiolabeled oligonucleotide probe 
reveals a single 273 bp DNA amplification product. For 
comparison of P450arom mRNA levels, coamplification 
of the rat P450arom cRNA internal standard was used. 
Figure 2a shows the results of coprimer extension and 
amplification of 20 /xg fetal total RNA and 27.4 pg rat 
P450arom cRNA for 20 cycles. Each primer extension 
reaction was amplified in duplicate. To normalize the 
data for differences in amplification efficiencies, the 
densitometric value for each rat DNA product was cor
rected to the mean of all the values, and the correspond
ing densitometric value for the fetal DNA product was 
corrected by the same factor. The equivalence of the 
starting amounts of fetal RNA was verified by visuali
zation of total RNA on an ethidium bromide stained gel 
and by northern hybridization with an IBS ribosomal 
oligonucleotide probe. Previous studies from this labo- 
ratoiy have indicated that the rat DNA amplification 
product is also 273 bp (15). Figure 2b illustrates similar 
results of a second coamplification experiment using 
total RNA processed from another group of fetuses. Both 
experiments demonstrate significantly higher levels of 
P450arom mRNA in fetal liver than any other fetal tissue 
studied. In addition, fetal brain and intestine tended to 
have slightly higher levels than the other tissues studied. 
The amount of fetal liver P450arom mRNA is underes
timated because in both experiments the desitometry 
values fell below the linear portion of the densitometry 
curve.

Figure 3 illustrates the results of northern analysis for
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Fig. 2. Competitive PCR amplification of P450arom  mRNA from fetal 
tissues using coamplification of rat P450arom  cRNA as an internal 
standard. A, Twenty micrograms of total fetal RNA and 27.4 pg rat 
P450arom cRNA were coamplified for 20 repeated cycles. Each primer 
extension was amplified in duplicate. After solution dénaturation, equal 
halves of each reaction were applied to Zeta probe via a slot blot 
apparatus. Southern hybridization with species-specific 5 'fT je n d -  
labeled oligonucleotide probes was then performed. After normalization 
of the data using the internal control as described in the text, results 
were reported as corrected percent total volume density (mean ±  so). 
B, Repeat competitive PCR amplification of fetal P450arom  mRNA 
using total RNA processed from a second group of fetuses. Control 
amplifications include reactions with fetal RNA only, rat P450arom  

cRNA only, and no RNA. Statistical analysis using analysis of variance 
with Student-Newman-Keuls of individual experiments or the two 
experiments pooled shows statistically higher P450arom  mRNA levels 
in fetal liver compared to other tissues.

fetal P450arom mRNA. Total RNA (20 ^g) from each 
fetal tissue was probed with a [^Tjlabeled cDNA. After 
prolonged exposure of up to 7 days, 3.4 and 2.9 kilobase 
bands corresponding to the sizes of the two species of 
human P450arom mRNA (16) could be identified only in 
fetal liver, indicative that the expression was below the 
level of detectability by this technique in the other tis
sues.

Discussion

The enhanced sensitivity achieved by means of PCR 
technology has dramatically increased the ability to iden
tify rare DNA and RNA sequences. Use of PCR results 
in a 1,000- to 10,000-fold increase in sensitivity compared 
to northern analysis for detection of transcripts (17,18). 
Yet, since PCR amplification results in exponential in
creases in product, any minute differences in reactants 
may affect amplification efficiency and thus final product 
yield. Use of a master amplification mix helps alleviate 
this problem but does not obviate it (19). Thus, to
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Fig. 3. Comparison of northern analysis to PCR technology. A, twenty 
micrograms of total fetal RNA were separated in a formaldehyde gel 
system and electrophoretically transferred to Zeta probe. Northern 
hybridization with a radiolabeled oligonucleotide probe to 18S rRNA 
shows equivalent loading for each sample. B, Northern hybridization 
with a 597  bp P 4 5 0 arom  partial cDNA insert revealed 3.4 kb and 2.9 kb 
bands consistent with P 4 5 0 arom mRNA which was detectable in fetal 
liver only.

normalize for differences in amplification efficiencies, a 
known amount of another transcript (20) or cDNA (19) 
is coamplified as an internal standard. In the system we 
have developed, we use coprimer extension and amplifi
cation of a rat P450arom cRNA as an internal control. 
The oligonucleotide primers used recognize sequences 
identical in the rat and human RNA, thus the 273 bp 
DNA amplification products are of the same length. DNA 
amplification products are identified by species-specific 
radiolabeled oligonucleotide probes, providing additional 
sensitivity over visualization of DNA on ethidium bro
mide stained gels.

With this technique, we were able to identify P450arom 
mRNA in fetal heart, brain, intestine, skin, liver, lung, 
spleen, and kidney. By far, fetal liver contained more 
P450arom transcripts per unit total RNA than any other 
fetal tissue studied, other than placenta. In comparison, 
using northern analysis of total RNA (20 ng) we were 
able to identify only fetal liver P450arom mRNA.

Before this study, low levels of aromatase activity had 
been identified in fetal tissues by Doody and Carr (8) 
using the tritiated water assay (21). This assay measures 
the release of -water during the conversion of [IjS-^H] 
androstenedione to estrone. Their conclusions, namely, 
that fetal liver contained the highest activities and that 
slightly higher levels were present in fetal brain and 
intestine compared to kidney, lung, and heart, correlate 
well with the P450arom mRNA levels determined in the 
present study. Recently, Prefontaine and associates (22) 
have reported nonspecific release of -water in experi
ments investigating the presence of aromatase activity 
in human endometrium. Their report has reaffirmed the
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belief that recrystallization of estrogen products or iden
tification of P450arom mRNA is necessary to support 
^H-water assay results. It should be noted that in vitro 
studies using human fetal hepatocytes have demon
strated regulation by a number of factors including AMP, 
polycyclic aromatic hydrocarbons, and glucocorticoids. 
Furthermore, the principal product of aromatase action 
on androstenedione by these cells is estrone sulfate (23).

The physiological significance of estrogen production 
by the fetal tissues examined in the present study re
mains to be elucidated. As stated earlier, animal studies 
have shown localized estrogen production in the brain to 
play a role in sex-specific gonadotropin release patterns 
(1). Animal studies have also implicated a role for sex 
steroids in lung surfactant production (24) and in eryth- 
ropoiesis by the fetal liver and spleen (25). Estrogen 
production by these fetal tissues probably does not con
tribute significantly to circulating estrogen levels, be
cause of the enormously active placental aromatization 
of fetal precursors, but may act rather in a paracrine 
fashion on, or adjacent to, the tissue site of production.
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