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ABSTRACT

Breast cancer is the leading cause of cancer mortality in women in the Western
world. Tts growth and development is directly governed by endogenous
steroids and growth factors. Endocrine therapy is the most effective form of
treatment for a proportion of breast cancer patients. Work from several
laboratories has shown that breast cancer cells metastasise via a pathway that
involves the plasminogen activator system and metalloproteinases. Thus, the
plasminogen activator system, which consists of urokinase (uPA), its inhibitor
(PAI-1) and receptor (aPAR), is central to the process of invasion and
metastasis. Given their important role, it is hacdly surprising that these three
proteins have been used as biological markers of patient prognosis. uPA and
PAT-1 has been significantly implicated as markers of aggressive breast

cancer.

The first step of invasion involves the conversion of plasminogen into plasmin
by ul’A. ulA is localiscd on the cell surface (bound to its receptor uPAR) and
is principally rcgulated by two inhibitors, plasminogen activators type-1 and
type-2 (PAI-1 and PAI-2). Possessing a wide substrate specilicily, plasoiin in
turn activates a variety of enzymes which degrade differenl componenis of the
extracellular matrix such as laminin, fibronectin, collagenasce(s), protcoglycans

elc.

The present study was conducted to further understand the effect(s) of
different growth factors and steroid hormones on the proliferation and invasive
potential of two well characterised human breast cancer cell lines, MCF-7
(hormone sensitive) and MDA-MB-231 (hormone insensitive). Furthermore,
extraceliular matrix (EHS) was uscd to determine the effect, if any, that
support substrate might have on the levels of plasminogen activators and

growth rate. Plasminogen activators were quantified both at the mRNA and




XXiij
protein levels, using RT-PCR and EIISA, respectively. uPA activity was
determined by chromogenic assay and the invasive properties of the two cell

lines were determined using the Boyden invasion chamber.

In the initial phase, proliferation of each cell line on both substrata, plastic and
EHS, was studied afler treatment with growth factors (TGFu, TGFS and
EGF), steroid hormones (E2 and Pg) and anti-oestrogen, tamoxifen. Differeit
amounts of each growth factor and hormone were used and cell numbers weie
obtained after 24, 48 and 72 houss. These studies showed that growth of MCTI*-
7 cells was stimulated significantly by exogenous TGFo and EGF, on both
EHS and plastic with cells being more sensitive to growth factors on FHS,
Proliferation of MDA cells was only slightly Increased by the same growth
factors on either substrate. By contrast, TGE[ inhibited the growth of MDA
cells, on both surfaces, However, the concentrations required for inhibition on
the two substrata were enormously different. 52, Pg, and TAM {an anti-
oestrogen) also stimulated the growth of MCF-7 cells on both plastic and

EHS.

For quantification of uPA, uPAR and PAI-1, a combination of Western
blotting and ELISA, using specific monoclonal antibodies, was employed to
monitor the relative amounts of these protems after Lreating the cell lines with
growth factors and hormones, These studies showed that the MDA cell line
expressed uPA and PAI-1 proteins whereas uPA was hardly detectable in the
MCF-7 cell line. Morcover, qualitative RT-PCR analysis clearly showced that
uPAR and PAI-1 transcripts were present in both MDA and MCT-7 cells.

However, uPA mRNA could not be detected in MCF-7.

EGF and TGFo induced an increase in uPA, PAI-T and uPAR mRNA levels in
MDA cells. In MCF-7 cells, both factors induced an increase in uUPAR and
PAI-1 transcripts. Corresponding changes in invasive potential were measurcd

alter growth factor treatment,
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TGFEP increascd plasminogen activator components both at the transcriptional
and the translational fevels in MDA cells. It cansed an increase in both cell
secreted and cell associated uPA and PAI-1 proteins, the amounts of which
varied depending on the substratum. The percentage inerease in cell secreted
and cell associated proteins was higher on EHS than on plastic. Amounts of
scereted uPA and PAIL-} were higher than celi associated levels. TGF[}
stimulated the secreted form of PAI-1 by about 420% (Fig 33A) as compared
to 349% (Fig 29A) for uPA on EHS. On the same substratum, PAI-1 and uPA
levels in cell extracts were 170% (Fig 33A) and 151% (Fig 31A),
respectlively, Interestingly, cell associated PAI-1 and uPA levels on plastic
were oply 30% and 23%, respectively, With the passage of time, however, the
antigen levels {luctuated in response to certain growth l[actors, and their
response to different doses also varied with tme and substratum. TGEFB
increased the amounts of uPA enzyme activity in MDA cells, {n vifro invasion

of MDA and MCE-7 cell lines were also cnhanced by TGEF[.

The TGFP induced increase in invasion by MDA cells was reduced to the
value of control in the presence of a neutralising anti-uPA antibody, whereas
MCE-7 cell invasion, in the presence of same antibody, remained above the
level of control. Fetal call serum on the other hand, inhibited the In vitro
invasion of both cell lines in a dose dependent manner. Addition of
plasminogen to the FCS medium also could not revert the inhibitory aftect of
RCS on invasion of matrigel. Increased ul’A and PAI-1 and uPAR mRNA and

protein expression correlaied with increased invasion.

E2 significantly increased cell scercted and cell associated PAI-1 protein
levels in MCF-7 cells whereas tamoxifen induced an increase in cell
associated antigen only. B2 also increased the invasion of the szlmc-; ccll line by
about 50% while TAM caused a decrease in invasion. In the MDA cell line

TAM did not change the level of invasion. Thus tamoxifen is seen to be

2
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posilively anti-ocstrogen in relation o invasion, rather than a weak agonist as

it is in relation Lo proliferation.

In conclusion, these results clearly show thal various growth factors and/or
hormones not only have an ellect on the proliferative properties of cell lines
but they also change the relative amounts of uPA. PAlI-1 and uPAR and that

these changes can be reflected in invasive activity, The ECM contributes to

the overall responsc of thesc eells.
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1.1 Overview

In Westernised societics, breast cancer is the leading cause of cancer-related
death among women aged 30-70 years (Blackwood & Weber, 1996} It is
estimated that approximately 8-10% of all women in the United States and
Western Europe suffer from this disease at some point in their lifetime (Clarke
et al., 1992 : 11 et al., 1994, Schmitt et al., 1997a). In the UK alone, 25,000
new cases are diagnosed every year and 15,000 die ol the disease every year.
Furthermore, its incideace 1s inercasing world-wide, for example in the UK,
the incidence is rising at about 1-1.5% per year but this is coupled with falling
mortality (Lochter & Bisscll, 1995; Sainsbury, 1997}, 5 year survival for
breast cancer is 68% (Campaign, [996). Breast cancer can not only oceur
sporadically but can also be inherited. The incidence of sporadic breast cancer,
however, is much higher than genetically inherited disease(Cavenee & White,
1995; Wooster & Suaton, 1995). 1t 1s estunaled that about 3-10% of all the
patients suffering from breast cancer are genetically susceptible (o the disease
(Stratton & Wooster, 1996; Woosler & Straton, 1995). 60% of palients dic

because of metastasis.

In the US, breast cancer incidence is four to seven times higher than it is in
China or Japan. Moreover, studies have shown that the incidence of the
disease increases in Chinese, Japanese or Phillipino women upon migration to
the United States and eventually approaches that among US white women.
Similarly, Asian women born in the West have a breast cancer risk 60% higher

than those born in the East,

Among while and black Americans, there are dramatic differences in not only
the incidence of breast cancer but also in survival and mortality rates.
Incidence rates in white women arc 20% higher than in black women but the

mortality rate, as estimated in 1990, was lower in white women (27.4) and
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higher (31.7) in black women per 100,000, respectively (Marchant, 1994).
Similarly, black Americans have a higher mortality rate from prostate cancer.
In the USA, the black population have an incidence rate for prostate cancer
that is 30 times more than that for Japanese men. However, the mortality rate
is only two times higher than that of Japanese immigrants living it USA (see
review by (Verde er af., 1984) The increasing incidence of breast cancer in the
United States and immigrant poputations have led o the speculation and/or
suggestion that the differences are due more to cavironmental risk factors
rather than genetic factors, National Cancer Institute (NC1}, rcported to the
White House that an estimated 2 million women will succumb to breast cancer
between (990 and the year 2,000, 460,000 of whom will die of (he diseasc
(Marchant, 1994). Recent data from the NCI, for the period 1989-1992, show
that in the USA there was an overall 4.7% reduction in mortality. This
reduction was mainly confined to the white population (5.5% reduction) as
mortality amongst the black population was still on the increase (2.6%)
(Sainsbury, 1997}). The incidence of breast cancer is stimilar among all the
Waestern countries such as the United States and Western Lurope. It is very
likely therefore that certain comunon factors, such as diet or life style may

influence the rate of breast cancer.

Over the years, a tremendous amount of effort has gone into trying to
understand breast cancer. Unfortunately, due to complexity of the discasc,
there is little evidence that significant progress has been made, since the
introduclion of anti-oestrogens, in improving overall survival. Although there
are various endocrine and cytotoxic therapies which bave been used to treat
the disease, it 1s disturbing to note that the incidence of breast cancer has been
on the vise {Cufer, 1995; Hankey, 1992; Parkin & Nectoux. 1991). Many
[aclors have been associated with breast cancer but there has not been any
explanation for is continuous increase in western socictics as compared to the

Asian societies (Stephens, 1997). Most oncologists, in spile of some
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spectacular success in the tumour suppressor genes, feel that there has been
almost no progress in the therapy of solid tumours including breast cancer
(Bissell & Werb, 1995) in the last 30 years, [T the present trend continues it is
predicted that there will he more than one million suffercrs of the disease by
the (urn of the century. In order to combat this disease it 158 imperative that a
clearer understanding of the biology of tumours at both the cellular and
molecular level is achieved. Breast cancer is a problem of differentiation, and
in order to vaderstand the problems associated with breast, it is necessary to
understand the normal differentiated breast. Clearly, this knowledge in turn
can be used to invent innovative therapies (o prevent breast cancer growth and

progression.

1.2 Aectiology of Breast Cancer

Several factors appears to play important roles in {riggering the disease (Boyle
and Leake, 1988) and in the aetiology ol breust cancer (Kuller, 1995},
including family history, early menacrche, late menopause, age at [irst
conception, vse of oestrogen containing oral contraceptives, nulliparity, Jate
pregnancy and the lack of breast feeding and endogenous and exogenous
reproductive hormones (Tavassoli, 1997; Vessey, 1997). External factors such
as ionizing radiation, exposure to chemicals, and excessive consumption of
alcohol have also been thought to play a role in causing breast cancer. Alcohol
consumption may have # carcinogenic eltect by allering hepatic metabolism
and interference with clearance, or by products ol efhanol metabolism in the
circulation {Stampfer ef al., 1993). Other controversial and putative risk
factors include cigarette smoking, x-rays and high fat diets. The effects of
cigarette smoking on breast and or other cancers have been extensively studied
but the conclusions are still vague e.g. the inverse relationship between

smoking and cndometrial cancer could not be corroborated nor there has been
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a significant relationship between smoking and colorectal or breast cancer
(Nordlund et al., 1997). Others have suggested an association of smoking with
breast cancer depending on the receptor status of the tumour. Morabia and
associatcs have shown that smoking is related to both oestrogen receptor
positive (FR*) and oestrogen receptor negative (ER™) tumours but the strength
of the association is greater for ER- tumours among post menopausal woinen
(Morabia et al., 1998). A siudy by a Russian group has also suggested sotue
environmental {actors {smoking) play a great role in the modification of breast
cancer risk. They have suggested that these factors change the endogenous
hormeonal and metabolic parameters that modily the aulocrine-pavacrine
relationship in the tumour tissue and of the hormone sensitiviry of the latter
(IKhanson ez af., 1998). However, studies have shown no practical importance
between cigareite smoking and breast cancer risk (Braga ¢f al., 1996).
Recently tobacco use has been shown to be lhe most prevenlable cavse of
cancer (Yu ef al., 1997). Due to the huge discrepancy in the field, cigaretle
smoking cannot totally be eliminated as a risk factor in breast cancer. A high
ful diet has been associated with a decreased excretion ol oestrogen in the
[aeces, On the other hand, high fibre diet increased the secretion ol veslrogens
in facces and thercfore, lower blood oestrogen levels and decreased breast
cancer risk (Rose, 1990). A vegetarian diet high in lignin's and isoflavonoids
appears 1o reduce the risk of breast cancer (Stephens, 1997). The mechauism
of action of these factors is not known but could involve prolonged hormonal
stimulation of cellular proliferation, DMNA damage, disregulation of growth

factors, and cell-cycle associated genes in the breast (Service, [998),
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1.3 Prognostic Factors in Breast Cancer

Reliable prognostic markers are required for predicting the risk ol developing
breast cancer. Tt is also used to divide the patient groups into low versus high

tisk of recurrence and identification of appropriate treatments (Leinster, 1998).

Prognostic markers may reflect growth potential e.g. Ki-67, p33, and bel-2, or
invasive potential, e.g. uPA, IPA, PAI-| and uPAR (Barendsz-Janson ef al.,
1998). Tumour cell invasion and metastasis depends on the content of
fibrinolytic parameters i.e. the proteolytic enzymes in the tumour. Dxtensive
research has suggested the association of clevated levels of uPA and PAIL-
and metastasis in breast cancer (Grondahl-Hansen ¢f al., 1997h; Janicke er af.,
1993; Pedersen ef al., 1997, Schmitt ez af., 1990; Schmitt er af., 1997b;
Sumivoshi et al., 1991). A similar correlation has been reported in cervical
cancer (Kobayashi er ¢f., 1994), pulmonary adenocarcinoma (Pedersen er al.,
1994b), squamous and large cell lung carcinoma (Pedersen er af., 1994a) and
in colon carcinoma (Gandolfo ef al., 1996). Cathepsin D (a lysosomal aspartic
protcase) has also becn associated with a poor prognosis in breast cancer.
Relapse rate for patients with high cathepsin D and PAI-1 is high (Kute ef al.,
1998). tPA on the other hand, is an index of longer survival and therefore a
good prognostic factor in breast tumours (Grebenshikov et al., 1997). The
authors have also described uPA and PAI-1 as markers of poot prognosis in

node negalive breast cancer patients.

1.4 Role of Steroid Hormones in Breast Carcinogenesis

The natural oestrogen 17-B-estradiol (E2) has been known to inflaence
prolifcration and neoplastic transformation of mammary cpithelium. An early

intermediate event in carcinogenesis is the aberyant proliferation which is

- Tl
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associated with an altered estradiol metabolism (Telang et «f., 1997b; Zhu &
Conney. 1998). Telang and co-workers have implicated an altered cellular E2
metabolism as an ecndocrine biomarker in the modulation of human mammary
carcinogenesis (Telang ef al., 1997a). Female sex hormones, oestrogens and
progesterones, have long been known as potential stimulators of cell
proliferation and thus as promotors of bhreast cancer, Since cells which harbour
cancer causing mutations proliferate rapidly after growth stimulation by
steroid hormones they promole carcinogenesis (Service, 1998). A positive
correlation of breast cancer risk and high concentrations of endogengus
estradiol has been strongly suggested, in post imenopausal wonten {(Thomas er

al., 1997).

Early surgical obscrvations by Beatson (1896) established the basis For our
understanding that ovarian endocrine influences are of primary importance in
growth control of somc breast cancer (Beatson, 1896). Epidemiological
evidence in women indicates that the length of exposure of the mammary
glands to cestrogen and progestogenic stimwli is directly proportional to breast
cancer risk (Kuller, 1995). Women who have their first pregnancy after age 35
have a higher risk of breast cancer than those who remained nulliparous.
Prolonged exposure to endogenous cestrogens as a result of early menarche,
lale menopausce and late age at first full lerm pregnancy increase the time
window for the initiation ol breast cancer (Kelsey & Whittemore, 1994). The
increascd levels of cestrogens and progesterone and other honmones, at late
age (35+) pregnancy, will result in increased breast cancer growth, if their are
transformed cells present hecause of their increased mitotic activity, QObesily
also appears to increase the risk of developing breast cancer, perhaps as a
result of increasing peripheral aromatisation of circulating androgens to
oestrogen (Boyvle & Leake, 1988; Kuller, 1995). Oral contraceptives

(containing both oestrogen and progesterone) do not appear to be a major risk

kY
3
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factor but this is currently controversial (Malone et af., 1993). Hankinson has
suggested an increased risk of breast cancer with longer duration ol the use of
contraceptives {(Ilankinson & Stampier, 1997). Oestrogen stimulation is more
clearly implicated as an actiologic agent in vaginal adenocarcinoma,
endometrial carcinoma and ovarian cancer. Recent evidence of involvemnent of
oestrogen melabolites (which can bind to DNA and remove two bascs, adenine
and guanine, and thereby triggering damage) have been tmplicated in breast
cancer by different groups, and this has further signified the link of ocstrogen

1o breast cancer (Service, 1998),

The mechanism of interaction of oestrogens and progestins requires E2, acting
through 1its receptor (ER) to induce the expression of PR. Both of these
hormoncs work 11 harmony to regulate other genes, such as those for growth

factors and cell cycle associated genes.

1.4.1 QOestrogen and Progesterone Receptors

Oestrogen and progesterone receptors are members of the steroid/ thyroid
receptor super family., ER modulates gene expression in an oestrogen-
dependent manner and thus functions as a transcription factor (Yamamoto,
1985). These specific, high aflinity, low capacity binding sites arc essential for
the cells to respond to hermonal stimulation. Ocstrogen receptor undergoes
transformation after binding to its ligand, (oestrogen), ER then dimerizes and
complexes with additional proteins to form the complete ER. Recent work has
shown mutated forms of ER in breast cancer. The presence of ER in normal
mature human hreast tissues has been reported. 6-7% epithelial cells in normal
breast arc ER positive while 29% are PR positive. The level of ER vanes
according to different phases e.g. in menstiual cycle and during cell cycles.

Progesterone receptors levels are at their highest and oestrogen receptor at
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their lowest, in the luteal phase of the menstrual cycle, when the cpithelial
mitoses are at their peak suggesting the pivotal role of progesterone in breast

epithelial cells in mitosis (Clarke ef al., 1992).

It is clear that oestrogens can act both directly and indirectly on normal
mammary tissue {0 induce evenls that are closely associaled wilh carcinogenic
polential. The ability of E2 to stimulate the proliferation of some ER -positive
breast tumour cells both In vive and In vitro cleacly implicates ocstrogens as
regulators of tumour growth, subsequent to carcinogenesis (Clarke et «l.,
1992). Thus it is possible that cestrogens function as carcinogens, tumour
promoters and as regulators of tumour growth (Thijssen & Blankcnstein,

1994,

The presence of ER in a proportion of breast tumours may indicate that these
turmnours arise from ER positive epithelial cells. Since breast cancer is often
charactevised by hormonal control of its growth, measurements of ER levels in
the tumour are used Lo predict patients’ prognosis (Leake, [997). Abowt 60%
of human breast cancers are ER positive (have an ER content above a
minimum clinical cat-off value) and from these only 2/3 respond o endocrine
therapy. Approximalely 1/3 of breast cancers are hormonally responsive at the
time they become melastalic. 5-10% of ER negative breast cancers by the
hiochcmical assay respond te endocrine therapy (Dickson ¢t af., 1989). The
mechanism for loss of ER expression in malignant progression of breast
cancer is unknown and may only be a minor phenomenon since about 80% of
ER™ breast cancers, at first presentation, remain ER positive for the majority
of their subsequent history (Crawford et «l.. 1987; Robertson, 1996).
However, it has been shown that in ER negative cell lines there is no
transcription of the gene due 1o extensive methylalion of 3'-promoter of the
gene. The knowledge that oestrogen action promotes the synthesis of PR

improves the predictive value of steroid receptor status. Clinical studies have
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shown that 70% of ERt/PR* hreast cancers respond to hormone therapy. Not
all the ER positive breast cancers respond to endociine treatiment and it may
be because of non-functional ER in BERY cells. Some measure of ER
functionality much improves the clinical value of ER determination {Leake ef
al., 1981). However, discrepancies among the predicted values and levels of
receptors may also be due to different laboratory errors, differential
metabolism of tamoxifen, mutated ER that can modulate regulate gene
expression in the absence of ligand or ability ol defective or phosphorylated
ER to bind ligand but not regulate gene cxpression. ER- and PR- negative
breast cancers differ from their reeeptor-positive counterparts. ER- negative
tumours are often highly proliferative and invasive In vive and In vitro, and
have altered expression of certain growth factors such as EGF and TGFo cte.
Growth factor production in LR-negative cells can be constitutive,

uncontrolled and non-oestrogen regulated (Dickson ez af., 1989).

It has been shown that protein kinase-C (PKC) remarkably increased the
invasiveness of ER positive (MCF-7 and 7ZR-75) cell lines, after modulation of
PKC aclivity with tetradecanoyl-phorbol-acetale (TPA), whereas it decreased
the invasiveness of ER negative (MDA-MB-231 and MDA-MB-435) cell lines
(Platet ef al., 1998). Oestrogen also down regulates ER mRNA by inhibition
of BR gene transcription (Dickson ef af., 1989). It has also heen shown that
ER-negative and drug resistant breast cancers express elevated levels ol PKC
as compared to ER- positive breast cancer. Future investigation into
modulation of ER function could have an impact both on diagnosis and

therapy of breast cancer,
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1.5 Growth Factors : Overview

Growth factars are specialised polypeptides that co-ordinate and regulate
cellular activity. These growth factors are normally secreted at only basal
levels to maintain homeaostasis, but the levels vary according to the hormonal
environment and age of the individual. Growth factor levels increase in
response o injury, carcinogens and in the presence of neoplastic cells. They
are responsible for rapid cell division in embryogenesis, cancer and early
wound healing. Growth factors arc also mediators by which ocstrogens and

progesterone stimulale both normal and neoplastic mammary tissue.

1.5.1 Epidermal Growih Factor (EGF)

[t is now known that growth factors are the mediators of several of the actious
of steroid hormones. Oestrogens stimulate the production ol endogenous
growth factors in mammary gland, which can function in autocrine, paracrine
and juxtacrine manner (Duffy, 1992). The EGF family is a very important
group in the development of the mammary gland and in the pathogenesis of

breuast cancer,

The EGE family is comprised of EGF, TGFo, heparin binding EGF-like
growth factor (Whiltclock ef al., 1991), amphiregulin (Albini er af., 1991) and
betacellulin (Khokha et al., 1989). These peptides are polent mitogens that
interact with the EGF receptor, a structural homologue of the c-erbB oncogene

family.

Native EGF is a 53 amino acid long polypeptide (6kDa) which is derived rom
a much longer precursor containing nine other copies of EGlF- like umis, EGE '
was first identified from mouse sub maxillary gland that causes eyelid opening

of a new born animal (Murphy ez al., 1989), and fater {rom human urine and
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thus designated as urogastrone (Uria et al,, 1994). EGF is synthesised as a
much larger transmembrane glycosylated, hiologically active precursor of
128kDa. Precursor molecules have an N-terminal extracellular domain, a
single transmembrane domain of 25 amino acids and a C-terminal domain of
150 amino acids, as predicted from the cDNA sequence. Mature EGF spans
the cell membrane. The function of the other 8 units of EGF remains to be
elucidated. Immunological studies have suggested that amino acids represent
the receptor bhinding domain and are also responstble for signal transduction,

while amino acids 35-53 stabilise the ligand receptor interactions.

Fpidermai Growth Factor Receptor (EGER)

The EGFR is a 170kDa transmermbrane glycoprotein and is expressed in most
normal epithelial tissues. It is expressed or overexpressed in many human
epithelial malignancies, including lung, breast, head and neck, and bladder
cancers, EGIR has intrinsic tyrosine kinase activity. [t is composed of tluee
domains: an extracellular domain that binds receptor specific ligands, a
lipophilic transmembrance scgment and intracellular tyrosine kinase domain
that initiates a signal cascade from the cytoplasm to the nucleus. Signal
transduction through EGFR occurs upon ligand binding followed by
dimerization of the receptor, activation of tyrosine kinasce,
autophosphorylation of the receptor and phosphorylation of other substrates.
EGFR structure, functions, mechanism of action and its role in carcinogencsis
have been extensively reviewed by (Liotta ez al., 1991; Lochter & Bisscli,
1995}, Autophosphorylation pracesses are thought to result in internalisation
and down regulation of the receptor after ligand binding (Sappino et «l,
1989). Whether the receptor is recycled or degraded is yet unknown though

there is probably an ¢lement of both. EGFR is expressed in 30-40% of human
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breasl cancer. Expresston of BGIR is an indicator of poor prognosis
(Nicholson er al., 1990). EGI* dependent transformation of rodent fibroblasts
due to overexpression of EGFR again implicate its role in the process ol
cellular teansformation. Patients with EGFR positive tumours have shorter
discasc free intervals and lower overall survival than EGFR negative paticuts.
The prescnce of EGFR can be correlated with the histological grade of
turnours, the involvement of lymph nodes, the number of mctasisses, and
poor progunosis for the patient, EGFR is detected in invasive ductal
carcinomas, but not in lobular or colloid carcinoma (Klijn ef «f., 1992). An
uncontrolied autocrine loop of TGFo/EGFR results in a rapidly growing
(umour as in squamous carcinoma of the head and neck, in which EGFR is
frequently overexpressed. Although overexpression of EGFR is often present
in epithelial carcinomas and is an indicator of poor prognosis, its role in

tumour initiation, growth and progression needs (o be better defined.

The prolo-oncogene c-erbB2 is a related EGFR systen. It is a 185kDa tyrosine
kinase receptor and is homologous to EGFR. 20-30% of invasive breast
carcinomas express c-erbB2, There is an inverse correlation between the
expression of ¢-erbB2 and survival particularly in lymph node negative cases
(Paget, 1889). erbB2 positive tumours also have minimal response to
endocrine therapy and a poor response to chemotherapy regimens such as

CMF.

EGTE and Breast Cancer

Breast and other endocrine glands like ovaries, endometrium and prostale are
under the hormonal modulation for normal growth and also for fumour

progression. In this respect, sex steroids play an important role in the

LS ey &
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regulation of locally acting growth factors such as the EGF family (Martinez-

Iacaci & Dickson, 1996)

EGF has been detected in a variety of breast cancer cell lines (Johnson er af.,
1993} and human breast tumours (Albini et af., 1986). EGF is mitogenic for
several breast cancer cells. Low levels of EGFR are associated with growth
response to EGF whereas cell fines with higher LGEFR are growth inhibited by
[ZGF. This observation 1s clinically very important (Kirby, 1965; Zetter ef «l.,
1990} because ER-/EGFR positive tumours are associaled with metastasis and
shorter survival time whereas ER+/BEGEFR negative umour types are betler
differentiated and is good prognosis. EGF promoles anchorage dependent
growth of human mammary epithelial cells (Sato & Rifkin, 1989},
Interestingly TGFax mRNA levels are also higher in hormone responsive
endometrial cells (Murphy, 1994) and prostate cancer thus suggesting
hormonal stimulation of an autocrine loop in hormone responsive cell lines.
EGF mRNA levels can further be increased by progesting in TA7-D breast
cancer cells (Del-Rosso er al., 1990). This shows a possible hormonal
regulation of EGF. EGF is probably the principal milk derived growth factor
and appears to be an important regulator of growth and differentiation of the
mouse mammary gland (Yagel ef af., [989) especially during pregnancy,

lactation, and spontancous [ormation of mammary tomours,

1.5.2 Transforming Growth Factor o (TGFo)

TGFo and TGFB, have the ability to bring transformation and anchorage
independence to normal cells, TGF@ was first isolated from human solid
tamours and from the cultore media of virns-transtormed cells. It has been
demonstrated in a variety of retrovirally transformed cells, human tumours and

pormal embryonic cells (Guidice & Saleh, 1995)
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TGFex is a 47-530 amino acid peptde with a molecular weight of 6kDa, It has 3
disulphide bonds between six cysteine residues (Graham & Lala, 1991).
ITuman TGFo is derived {rom a large membrane bound precursor protein of
160 amino acids that is biologically active. The N-terminal sequence consists
ol a 23 amino acid signal peptide, 74-75 amino acids constitule the malure
growth factor domain followed by 39 amino acids at the C-terminus. This
latter sequence 18 a cysteine rich pact of the growth factor and remains in the
cytoplasm. Pro-TGFa is juxtacrine in funclion (Lala & Graham, {990).
Human TGFo shares 42% homology with human EGF while it is thought to
have 27% amino acid sequence homology with murine EGF. Three
dimensional studies have revealed that its tectiary structure resembles that of

EGF and is able 1o bind to EGF receptor with the same affinity.

TG and Breast Cancer

TGFo. has the same biological ellects as EGI in cultured human and mouse
mammary cell lines and mouse mammary explants (Yagel ef al., 1989). A
number of studies have clearly shown that 'I'GFo is present in both primary
and metastatic human breast cancers. TGFo is expressed in mammary
epithelial cells and breast cancer cells and is regulated by oestrogens.
Physiological concentration of E2 is sufficient to induce TGFa mRNA
transcription and protein translation (Flaumenhaft er al.. 1992). It has been
demonstrated that this induction is mediated through ER by using anui-
oestrogens. The mitegenic effect of E2 is mediated by TGFa in ER positive
human breast cancer cells (Flavmenbaft ef al., 1992; Testa & Quigley, 1990)
Availability of purified antibodies has made it easy to find the expression of
any factor. Experiments using in sl hybridisation analysis have detected

TGFa mRNA during the proliferative stage and during human pregnancy.
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Similar studies have indicated that breast cancer cells synthesised the growth
factor. (Irving & Lala, 1995) have demonstrated that 31 % of primary (umours
and S0% of metastastic tumours analysed were positive for TGFo. Further,
during mouse mammary gland studies, immunohistochemistry has revealed

TGFo expression in the basal epithelia, prolilerative and bud cap cells.

1.5.3 Transforming Growth Factor [3 (TGF(3)

TGFP was first studied in the 1970s in association with mammalian and avian
retroviruses that could induce sarcomas in animals, It was found that retrovirus
could transform normal fibroblasts by certain substances later called Sarcoma
Growlh Factor (SGF). Tt had been observed that SGF from transformed cells

was composed of TGIRo, and T'GFJ3, opcrating in tandem. (Dully ef af., 1988)

The chromosomal locations of the human TGFP genes are 19¢ 13 for TGE-1.
lg41 and 14q24 for TGFB-2 and 3, respectively. The corresponding mRNAs
range from 2.5kb (TGFB-1) to 6.5kb (one of the TGFB-2 transcripts). It is
indicative of a differential regulation of these three isoforms that they have

distinguishing promoter sequences.

Mature TGFPB is a 25kDa polypeptide that belongs o a much larger
superfamily of sequence related molecules in the inhibin family. This family
of multifunctional regulatory peptides is involved in a range of processcs
including regulaiion of growth, development, and differentiation. The 3
mammalian isoforms TGFB1, B2, and B3 are all homoduners. As the most
predominant member of its family, TGF lis found essentially in all
mammalian tissues, with the highest concentrations being found in platelets
and bone, Each of the members consist of two peptide chains of 112 amino

acids and nine cysteine residnes with a molecular weight of 25kDa. The
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25kDa form represents the C-terminal end of a precursor molecule. TGFf3-1 is
encoded as a 390 amino acid precursor while TGEB-2 as a 412 amino acid
precursor. All three precursors have N-terminal signal peptides of 20-23
hydrophobic amine acids (for reviews see Sainsbury, 1997; Knabbe &

Zugmaier 1994; Benson & Colletta, 1995).

iLatency in TGFJ is conferred by dimerization of N-tcrminal part of associated
proteins which folds itself around T'GFH{31 (called latency associaled peptide
B1-I.AP). An additional component called latent TGF (LTBP) is also found in
the tatent complex released from blood platelets, The function associated o

LTBP is to target TGT to extracellular matrices (Fatdtmann e al., 1989).

TGFP isoforms have been identified in normal tissues of both developing and
adult organisms, as well as neoplastic tissue (Patthy, 1985: Walf ¢7 af., 1993u)
Most cells, normal or ransformed, release TGF as a latent, biologicaliy

inactive molecule.

TGER can be activated in vitro by acidic pH (Kobayashi ef af., 1990; Schmitt
et al., 1989). However in vive mechanisms of activation requige protcases such
as plasmin and cathepsin D (Gorelzki ez af., 1992). Latent TGE has 2 longer
plasma half life thus providing stability to the molecule to act at a distant site
from its origin (Gunzler ef al., 1982a). It has been shown that the half life of
recombinant TGFf3 is about 90 minutes in vive. The active form of TGER has a
very short half life and is removed from the circulation by the liver (in 2-3

minutes) (Gunzler et al., 1982a).

Biological Functions of TGFB

TGEP is a multifunctional growth factor. It plays a central role in most

processes of intercellular communication, including differential regulation of
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the extracellular matrix, angiogenesis and immunosuppression. In general it 1s
inhibitory to a range of epithelial and endothelial cells, human keratinocytes,
hepatocytes and human carcinoma cell lines but stimulatory to mesenciyymal
cells (Schwann cells, Osteoblasts, Chondrocytes, W138 human feial hung
fibroblast). TGE regulates the cxpression of a wide variety of genes and
proteins, including several nuclear proteins involved in cell growth control.
TGFp regulates c-jun and c¢-fos. There is inhibition of keratinocyte DNA
synthesis by down regulation of c-mye by TGFB. However, mouse NTH3T3
cells are stimulated by TGF[} by the induction of c-mye, thus having a more
direct mitogenic effcct. Picomolar quantities of TGF can regulate
proliferation. TGFP regulates cyclin D Function and Retinoblastoma (Rb)
profcin phosphorylation. YGFp stimulates the anchorage independent growth
of human and rat fibroblasts. For example, NRK-49 fibroblasts are stimulated
by TGFB but inhibited when transformed by Kirsten sarcoma virus thus
showing the bifunctional nature of TG, TGESB! has a role in wound healing
processes indicaled by its high content in blood platelets (Lyons ez al., 1990).
It is believed that many cancers may arise due to dysfunction of TGI'
regulation. Solid tumours require vascularization to gain a clinically detectable
size. TGP stimulate the production of stromal componenis like fibronectin,
proteoglycan and tenascin, thelr overexpression favouring strama formation
and thus angiogenesis. Increased expression of TGFB allows the tumour (o
escape from mumunological response. The overexpression of TGT2 is likely
to be responsible for (he immune deficiency in patients with Glioblastoma.
Thrombospondin, a stromal element, promotes angiogenesis and lumour

invasion. These cffects may be due to its ability to activate latent TGFB1,
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TGFP and Breast Cancer

Growth factors cxert their functions by autocrine or paracrine foops. Over
activity of any of these loops results in excessive proliferation, a characteristic

of the preneoplastic state or tumour progression.

In the field of cancer, dysfunction of TGFJ has been implicated. It has a
growth inhibilory effect on the progression ol cancers derived from epithelial
origin like breast cancer. Exogenous TGFfi inhibits the growth of breast
cancer cell lines indicating its principal inhibitory autocrine loop. Breast
cancer cells resistant to anti-oestrogens are still growth inhibited by TGEp in
vitro (Gunzler er al., 1982b). The anti-cestrogen, tamoxifen, can also inhibit
the growth of the hormone insensitive (anti-oestrogen insensitive) cell line
MDA-MB-231 when co-cultured with ER positive {(MCI-7) cells 1n a systen
permitting interchange of conditioned media. This is due to enhancement of
TGFP secretion by the MCF-7 cells. This could explain how endocrine
insensitive cells respond o endocrine therapy, since tumours are often
heterogenous in ER content. fiz vive studies have also confirmed the induction
of TGFp by tamoxilen in ER posilive cells by antagonising the stimulatory
effect of oesirogen and so lamoxifen may inhibit ER negative cells. I vive
studies, using immunohistochemistry on tissue from a group of breast cancer
patients following tamoxifen therapy, further confirmed the clevation of TGF[3

in both LR positive and ER negative celis (Schmitt er al., 1997a).

Other growth inhibilors such as retinoic acid are of interest. These arc

nawrally occurring derivalives of vitamin A (retinol) and exert a key role in

maintenance ol epithelial homeostasis through regulation of cellular:

proliferation and differentiation, Retinoic acid induces the secretion of TGFp-

LI .
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1 and TGTB-2 depending upon the cell types (reviewed in Benson & Colletta,

1995; Knabbe & Zugmaier, 1994)).

[nduction of TGFB is not only confined to breast tissue/cells. Up regulation of
‘TGP has been observed in the peritumoral fibroblasts in vivo, suggesting
involvement of paracrine loop between stromal and epithelial cells (Schmile er
al., 1997a). Experimental evidence has suggesied that overexpression is
associated with enhanced metastatic potential of rat prostate cancer cell lines.
Withdrawal of androgen leads to enhanced expression of TGTFB-2 in the
androgen responsive human prostate cancer cell line LNCaP (Blasi, 1988).
TGFB-2 has heen suggested as a marker of the hormonally regulated growth
state of tumour tissue. A more aggressive stage of tuinowr Is said W be

accompanied by the loss of the inhibitory function of TGFp in vive.

Mechanism of Action of TGE]

The mechanism of action of TGFp is not fully understood. A complex pattern
of cross-reactive ligands and cell surface receptors has been described (Blasi et
al., 1987). T'hree major ransimembrane receplors are known to bind TGF[3s
(Tleidtmann et af., 1989). These are type | (53kDa), type 11 (70-80kDa) and
type I (250kDa) receptors. These were found by cross linking studies of
iodinated TGFP with ceil susface proteins of human breast cancer cells. TGF3
interacts with {wo types of membrane receptors, which functionally cooperate
to generale an iniracellular signal (Janicke er ¢f., 1990). These two types e,
type 1 and type 2 contain a scrinc-thrconine kinase domain and are thought to
mediate the growth inhibitory action of TGEFp. (Derynck, 1994; Dutty et af.,
1990 Pennica et al., 1983). The three types of TGI'B receptors have been
cloned. Growth inhibitory functions of TGEP remain to be clucidated bul it

has been shown that growth inhibition by TGEf is linked 10 suppression of the
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retinoblastoma protein (pRB) phosphorylation (Grondahl-Hansen et af., 1991).
However, inactivation of retinoblastoma gene alone does not lead to the loss
of TGFB receptors or of response to TGFp in breast cancer cell lines (Skriver

et al., 1984)

1.5.4 Imsulin like Growth Factor IGE)

Insulin like growth factors were discovered as the somatomeding in 1957 but
were purified and sequenced in the mid 1970s. Insulin like growth Tactor
(IGF) is named due to its close homology to pro-insulin. The IGF family
consists of two ligands IGFT and IGFII with their respective receptors IGFRI
and JGFRII and some six different binding proteins IGFBP are described.
[GFI and IGFI are single chain molecules of 70 and 67 amino acids
respectively with high affinities for their respective membrane bound
receptors. The single chain 7.5kDa IGFI and IGIEFIT are preduced in many body
tissues, specially in liver, and are under the control of hormonal regulation.
IGFL is known to have a role in bone clongation in an endocrine manner under
GH control, while IGFII is thought to be involved in fetal development.
Recently, their role in development. growth and transformation has been

described.

IGFRI is a heterotetrameric protein consisting of two alpha and two beta
chains. Like insulin receptor, it has intrinsic tyrosine kinase activity. It has
been ohserved that ligand binding causes autophosphorylation ol the receptor
and this transduces the signal of the ligand. The receplor binds, both ligands
IGTT and IGFH, with equal allimity. On the other hand, IGFRII is a single
chain molecule with affinity for only IGFII. Unlike IGFRI, IGRFII has no

tyrosine kinase activity and therefore the signalling mechanism is obscure.
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IGFs and Breast Cancer

IGF increases the rate of proliferation of some breast cancer cells (Ossowski &
Reich, 1983) (Ossowski, 1988). Kullen et al have described that 1IGF1Il mRNA
is expressed in T47-D cells and that both T47-D and MCFE-7 cells are growth
stimulated by both IGF1 and 1GFIl In vitro (Wel et af., 1996) IGF may
stimulare mitogenesis by reducing the levels of active TGFf. 50% of breast
carcinomas appear to have IGFII mRNA while it is present in all normal

breast tissues.

The levels of IGFI and IGFII appcar to be low in cpithelial cells but their
confirmed presence in the stromal components of a number of breast tumours
have suggested a potential paracrine role for IGFs, whose level can be
modulated by the anti-cestrogen, tarnoxifen (Vassalli ¢t «f., 1985; Xing &
Rabbani, 1996). It is believed that stromal secretion of IGFI can be induced by
platelet derived growth factor present in breast epithelial cells with stwomal
cells possessing PDGF receptors. IGFI mRNA is absent in primary breast
rumours but is preseat in normal breast. Stromal cells are rich souwrces of 1GEs
which may serve as positive paracrine growth factors. The functions of IGFs
in breast cancer are not only controlled by levels of ligands and receptlors but
also by the presence of IGE binding proteins. These extracellular binding
proteins may cither stimuolate or inhibit IGE action and they may determine
both activity and bioavailability of these growth factors (Yee et af., 1991).
Breast cancer cell lines secrete significant levels of IGF binding proteins and
their addition to the culture media has been shown to inhibit cancer cell

ogrowth.

Breast cancer patienis have higher plasia IGFI levels than their normal
counterparts (Felsenfeld er al., 1990} and 25% reduction in IGFI has been

observed in patients treated with tamoxilen. The levels of tGE binding
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proteins are also subject to modulation by oestrogens and possibly by anti-

oestrogens (Lonning ef al., 1992).

1.6 Tumour Development and Vetastasis

Breast carcinomas arc mixtures of genetically and phenotypically distinci
cells, despite having arisen from a single cell. Genetic disposition, either by
external (UV-irradiation or chemical carcinogens) or internal stimuli
(hormones or growth factors) leads to transformation in a cell. One of the
earliest delectuble changes in transformed cells is a several fold increasc of
genomic instability compared with normal cells (Tisty, 1997). Both thesc
properties, genetic instability and tumour heterogencity determuine the ability
ol the cells to metastasise (Welch & Wei, 1998). Transformation is the initial
stage of a tumour development. Proliferation of the transformed ccli is
followed by formation of a primary lumour. The cells in the primary tumour
are confined within its place and therefore cancer is localiscd. Primary
tumours can be treated surgically, so patients rarely die of carcinoma in sire. 1
1s the undetected spread of (wumour cells throughout the body, which is life
threatening. This establishment of (umour at a site distant from the primary
site, is metastasis. ‘The term "melastasis” was first described by a French
physician, Joseph Claude Recamier, in his 1829 treatise Recherches du
Cancer. He was the first to show that cancer cells can form distant rumours in
the body through the circulatory system. He observed the growth of a tumour
in the brain of a patient with breast cancer. He alsc noted that the veins in the
same site were invaded by twmour cells. A clearer understanding of the

mechanisms underlying invasion and metastasis is required.
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Steps Involved in Metastasis

This process of invasion and metastasis requires a series of sequential steps
(Liotta & Stetler-Stevenson, 1991) begining with dissociation of the cells from
primary mass, to move through a basement membrane surrounding the
tumour, making its way through the interstitial connective tissue (extracellular
mafrix) and then through another basement membrane into the bloodstrearn.
After escaping the immunosurveillance in circulatory system, the cells have o
cross all the barriers ol basement membranes and extracellular matrix (ECM)
on reaching the suitable destinalion, bul in a reverse order. The tumour cell in
the new environment eslablishes the micro metastasis and only grow in size in
lthe presence of ample supply of blood vascular system. Tumours 1-2mm in
diameter can receive all the nutrients by diffusion but for further growth it

needs to develop its own blood supply (Folkman, 1990),
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1.7 Metastatic Spread: Where, Why?

Normally, tumour cells are carried away through the blood and/or Iymphatic
circulation until a favourable environment is found. One might anticipate that
malignant cells would metastasise to0 an organ of the same somatic origin. This
1s not the case. Mowever, metastasis is not random bul displays a selective
pattern e.g. cancers of the breast and large bowel exhibit different metastatic
foci, despite both originating in epithelial cells (Picford & Birnie, 1992). One
may speculate, on the basis of the lymphatic system and the blood flow, that
60% of the metastasis Irom the primary tumour may deposit in the fung, liver
and bone marrow. The frequency with which metastasis occurs in fung and
liver may be because the retastasising cell passcs through the heart before it
finds the resting place. Because the heart pumps all the blood through the lung
capillaries before sending it to other parts of the body, lungs therefore, are the
most common metastatic site, for many cancers. Liver is the favouwred site of
metastasis from colon cancer because of the direct drainage of the venous
blood from the large intestine, into the liver (Liotta, 1992). Sometimes, the
metastatic foci are different from that mentioned and the only explanation
applicable may be the hypothesis proposed by (Paget, 1889). The consensus of
"seed and soil” theory was proposed by him after his studies on breast cancer.
e referred (o the circulating tumour cells as "seed" and the favourable
environment that is provided by the organs for the cells (0 metastasise, as the
"soil", It appears that hormones and growth lactors provide greater affinity for
the circulating tumour cells and therefore induce them to move out of the
bloodstream and into cells/tissues which have the appropriate balance of the

desired endocrine and paracrine [unclions (Liolta, 1992).

It has been observed that not all cells, that have survived mechanical
turbulence and cscaped the host immune system, can grow in an organ. Only

as few as one in 10000 tumour cells leaving the primary mass can initiate a

X R
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new tumour at a distant site. Once in the new environment tumour cells
proliferate, Cell proliferation is controlled by growth factors (Zetter er al.,
1990). Another important factor for a tumour cell to grow and cstablish
metastasis heyond about 3mm in diameter, must establish its own blood

supply i.e. angiogenesis is essential (Picford & Birnie, [992).

1.8 ExtraceHular Matrix and Epithelial Cells Interactions

Cells are dependent on their interaction with the substratum for proper growth
and differentiation. For instance, it has been shown that whereas cells grown
on plastic respond poorly to lactogenic hormones. those grown on collagen
gels, or EHS, induce the gene cxpression of milk producing genes in response
to lactogenic hormones, Protein sceretion is also dependent on substratum and
has Deen shown to be enhanced generally in culturcs on floating gels.
Epithelial differentiation can be induced and maintained on and within a
varicty of matrices derived {rom ECM components. Both normal and
neoplastic mouse mammary cpithclinm displayed some morphogenesis and
also high growth ratc when grown on and within collagen gels. These as well
as other results clearly underscore the role that a substratum plays on the

proper biological Tunctioning of a normal or a malignant celi.

Althougl surgeons and oncologists can treat cancers that arc in their early
stages, very rarely are they able to save patients whose tumours have
metastasised to other parts of their body. Tumour cell invasion across the
bascment membrane (BM) and tumour associated angiogenesis are considered
to be the key steps of metastasis (Tigure ). Although it is a complicated
process that requires the co-ordinated action of numerous proteins o degrade
the BM, understanding how metastasis occurs is ol obvious importance, Thus,

in order to study the in vitro invasive potential of a certain cancer cell line and
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how different hormones and growth factors affect it, it was important to use a
substratum that contained different membrane proteins and was therefore more
physiological than plastic. Matrigel, which is an extract ol Engelbreth-Holm-
Swarm (BHS) tumour basement membrane {(BM3, 1s u substratum which has
been widely vsed since 1986 (Albini ef al., 1986) for such jnvasion studies.
Matrigel is comprised largely of laminin, type 1V collagen, heparan sulphate
proteoglycan, fibronectin and entactin. Recently, however, trace amounls of
plasminogen have also been found in Matrigel {Farina ef «f., 1996). In its
reconstituted form it has been used extensively as a BM barrter to tumour cell

invasion and to study the cffect that the BM has on vosculargenesis In vitro.,

Several laboratorics have noted the importance of the major proteins in
Malrigel on cellular growth and differentiation. Specifically, it has been found
that all five proteins in Matrige]l are required for proper growth and
maintenance of different cell lines. In one study it was found that proper
alveolar morphogenesis and mammary-specific functional differentiation
required the presence of Matrigel. Growth of these cells on individual
components of the ECM, however, was not associated with proper alveolar
formation and differentiation. Another study showed that the growth and
differentiation of the mammary epithelinvm cells is dependent on the
substratum. In this case protein synthesis and secretion by mouse epithelial
cells on floating collagen gels and EHS-matrix were compared and it was
found that protein syuthesis was consistently higher 1n cells that were attached
(o EHS matrix. Similarly, cclls associated with the EHS matrix also had higher
rates of growth and protein secretion into the culture medium than those which
were grown on plastic. The much greater rates of growth suggest that the
matrige! may facilitate both two and three dimensional interaction of epithelial

cells
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In a comprehensive study (Li e¢r al., 1994) showed the inlluence of a
reconstituted basement membranc and its various components on casein gene
expression and subsequent sccrction in mouse mammenry epithelial cells.
Consistent with previous reports the results show that when these cells were
platcd on plastic they immediately stopped synthesising and secreting maost
mifk proteins cven in the presence of lactogenic hormones. More importantly,
cells cultured on type-1 collagen gels were found to have incrcased amounts of
B-casein mRNA and protein in addition to other milk proteins. On Matrigel,
most of the cells produced high amounts of the B-cusein. Interestingly, they
found that while individual components of the basul lamina such as type TV
collagen, and [ibroneclin had no effect on morphology and P-casein mRNA
levels, boih laminin and heparan sulfate proteoglycan cavsed an increase in 3~
casein mRNA levels. A dramatic difference in the morphology of mammary
cpithelial cells was seen when they were plated on plastic and matrigel.
Whereas no changes were evident on plastic, on EHS the same cells formed
ducts, ductules, and lumina which resembled secretory alveoli. Taken together
these results clearly show the important role of substratum on cellular

megabolism.

1.9 Proteases In Invasion and Metastasis

Cells in the body are scatfolded in a basement membrane which is responsible
for the regulation of many cellular functions. The componcents of bascment
membrane consists of type IV collagen, laminin, heparan sulphatc and
proteoglycan and the destriiction of these components correlates with invasion
and metastasis (Liotta & Stetler-Stevenson, 1991; Trygevason, 1989). This
step requires the coordinated expression of destructive enzymes and their
inhibhitors. Several lines ol evidence show (hat particular proteases are

responsible for the breakdown of basement membranes (involved in
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compartmentalisation and many cellular functions) and subsequently the
extraccllular matrix. All the evidence points to a common set of enzymes and
their inhibitars that are involved in many forms of cancer. These enzymes
consists of 4 main classes namely; serine proteases, matrix metalloproteases,
cysteine proteases and aspartyl proteases which allow tumour cells (0 escape

from its primary site and to intra and extravasate the basemen! membrane.

The key enzymes appears to be plasminogen activators (Mignatti & Rifkin,
1993). While the uPA/plasminogen system is undoubtedly very mportant in
the spread of metastasis, the other proteases i.e. metalloproteases (Bassal ef
al., 1990; Matrisian, 1990; Woessner, 1991} such as the stromelysing (Bassat
et al., 1990) and cathepsins (Duffy et al., 1991 Foucre ef «/., 1991 Moscatelli
& Rilkin, 1988; Rochefart et al., 1990; Rochefort er al., 1996) have also been

implicated to play roles in the dissemination of tmmour cells.

Matrix Metalloproteascs

Matrix metalloproleases are an important group of zine enzymes responsible
for degradation of extracellular components, including interstitial collagens,
basement membrane collagen {type IV), fibronectin, laminin and various
proteoglycans (Moscatelli & Rifkin, 1988) in normal embryogenesis and
tissue remodelling. as well as in disease processes such as arthritis, cancer, and

OSteoparosis.

The chiel characteristics of matrix metalloproteases (MMPs) arc no different
{rom other proteases involved in normal and cancer situations in Lhat these
proleases are secreted in zymogen form. The inactivity 1s because of a highly
conserved sequence of nine amino acids. This sequence contains a reactive
cysleine residue. The zymogen can be activated by other enzymes, plasmin

and chymotrypsin (Duffy, 1992), or by organomercurials (Woessner, 1991).
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The question arises as to how these metalloproteases are activated fn vivo?
Since organomercurials or trypsin are not present in the tissues it is expected
that plasminogen cnters from the blood and that the local lissue can produce
plasminogen activator (PA) forms plasmin by PA and in turn MMPs are
activated either directly or indirectly by plasmin. This again emphasises the
role of PAs in invasion. The activily of these enzymes is inhibited by tissue

inhibitors of matrix metalloprotcases (TIMPs) (Malrisian, 1990},

Several members of the MMPs family have been linked to cancer cell biology.
Liotta ef al. (1992) have found that in general, augmented levels of
metalloproteases in tumouss correlated with the development of invasion and
metastases in cancer of the human breast, colon, stomach, thyroid, lung and
liver. These include Type 1V collagenase or gelatinase (known as MMP-2)
which is found in a wide variety of tumours including mammary
adenocarcinoma cclls where the degree of its expression 1§ correlated to
metastatic potential (Nakajima ef af., 1987). Type 1V collagenase is expressed
in buman skin and colon cancers (tryggvason ef al., 1993) at the invading
{ront und in bladder carcinoma. Type I collagenase (MMP-1}, also showed
elevaied expression in mamunary carcinoma cell lines (Whiltelock er «f.,

1991).

Tissuc Inhibitors of Matrix Metalloproteases (TIMPs)

Control of extracellular protcolysis is critical to the normal, healthy organism.
Just as there is a family of mctalloproteases, there is also a family of TIMPs.
Different forms of these inhibitors arc described e.g. TIMP-1, -2 and -3,
Several groups have shown that TIMP-1 and TIMP-2 can inhibit the process
of tumour cell invasion (Parish, 1994). TIMP-1 is a glycoprotein with a

molecular mass of 28kDa and it inbhibits invasion and metastasis in animal
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models. This has been observed by transfecting antisense TIMP-1 RNA in 3T3
cells (Khokha er al., 1989). TIMP-2 i1s non-glycosylated and inhibits invasion
of ECM (Albini et af., 1991). It has been shown that TIMP-3 is expressed in
human breast tumours (Uria ef af.. 1994). TIMP forms a 1:1 stoichiometric
complex with MMP-1 and MMP-3. The enzyme binds reversibly and can be

dissociated by acid treatment or EDTA (Murphy ef «f., [989).

Stromelysins

Suwomelysins are also MMP family members involved in tumour biology.
They are broad spectrum proteases which can cleave ECM components. Therc
arc different forms of stromelysins i.e. stromelysin-1,-2 and -3. In addition to
others, the metalloprotease stromelysin 3 is often found in breast cancer and is
rarely present in benign tumours of the breast. The prognostic value of
stromelysin 3 in invasive breast cancer however has not been established.
However the correlation with other known prognostic factors, point out that it
may play an tmportant role. Stromelysins-1 and -2 are present in elevated

levels in most invasive breast carcinomas (Wolf er al., [993b).

Cuthepsins

Cathepsin D is the most studied protease of the group cathepsins. It is scercted
as a 52kDa precursor form. Tt is a lysosomal aspartic protease whose
expression is regulated by oestrogens and certain growth factors in breast
cancer cells. Normal breast Gssue contains little cathepsin D while its content
is higher in cancer lssucs (Duffy er al., 1991). A number of studies have
shown that high levels of cathepsin D offer a bad prognosis, reduced overall

survival and carly metastatic spread (Foucre er al., 1991). Tts involvement in

%
-
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metastasis is controversial, On one hand no correlation was found between
cathepsin D and invasiveness (Johnson ef al., 1993), while others have shown
a link between elevated levels of tumour cathepsin I and poor prognosis in
either node-negative or node positive patients. The influence of other
cathepsins, such as cathepsins B, H, and L, on the prognosis of breast cancer

patients is under stady.

Plasminogen Activators

There are two independent structural genes that code for plasminogen
activators. These are molecularly, functionally and immunologically distinct
(Pennica et al., 1983) but have about 40% homology on the basis of their
amino acid sequences (Pennica ef «l., 1983; Verde ef al., 1984), They are
called urokinase type (uUPA) and tissue type {(UPA)} plasminogen activators.
They are termed after their original identification in urine and tissue extracts,
respectively (Dano et af.,, 1985). The molecular weights of uPA and tPA are
50kDa and 70kDa, respectively (Laiho & Oja, 1989). tPA has a role in
fibrinolysis, whereas uPA is involved in tissue remodelling, development and

also in cancer invasion and metastasis (Mignatti & Rifkin, 1993) .

1.10 Plasminogen Activator System

Plasminogen activation system has been shown to play a pivetal role in
tumour cell invasion (Dano ez al., 1985) Plaminogen activators mediate the
conversion of inactive plasminogen, by limitcd proteolysis, to active plasmin,

which has a broad substrate specificity (Robins ¢r al. 1967).

%
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1.10.1 Plasminogen

Plasminogen is an inactive proenzyme consisting of a single polypeptide chain
with a molecular weight of 92,000. It exists in lwo forms; the Glu-
plasminogen and the Lys-plasminogen. Both these varianls differ slightly due
to the differences in the glycosylation, The Glu-plasminegen has glutamic acid
and Lys-plasminogen has lysine at the N-terminus. The molecular weight of
Lys-plasminogen is approximately 8kDa lower (ban Glu-plasminogen (Dano

et al., 1985).

Glu-plasminogen is converted into its active Glu-plasmin form by cleavage of
a single polypeptide bond (Arg 560-Val 561) that is catalysed by the
plasminogen activator (PA). The active two chain Giu-plasmin is held together
by disulphide bonds. The formation of Lys-plasminogen from Glu-
palsminogen is catalysed by plasmin by the cleavage of another peptide bond
(Lys76-Lys77). Plasminogen is widcly avatlable in the body, having a
circulating concentration of approximately 2 mM and a half-life of 2.2 days
(Saksela, 1985). Numerous studies have shown that plasminogen
predominantly appears to be located extravascularly (Grondahi-Hansen er @l

1991).

Plasminogen regulation

Plasminogen activation is regulated at several stages. Firstly, the activation of
inaclive plasminogen to active plasmin. Secondly, plasmin can be inhibited by
its inhibitors e.g. o2-antiplasmin. Thirdly, bioding of plasminogen and/or
plasmin to its receptor is required, close o the uPA receptor on the ccll
surface. Fourthly, there is regulation of the activators of plasminogen, i.e. uPA

and other molecules like plasmin that activate plasminogen.

T4
2:
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1.10.2 Plasmin

Plasmin, is generated by a single proteolylic cleavage at 5601\1‘g by
plasminogen activators. Plasmin has an important role in physiological
fibrinolysis and is also ascribed other important roles in several physiological
and pathological circumstances characterised by tissue remodelling and cell
motility, Amongst the two types of plasminogen activators, ul’A has a specific
substrate, plasminogen. Plasmin can, either diectly or through its ability to
activate some prometalloproteases (e.g, procellagenase type 1V), degrade
components of the tumour stroma such as fibrin, fibronectin, proteoglycans
and laminin (Blasi et al., 1987; Dufty. 1992; Ellis ef «f., 1991; Janicke et al.,
1990; Schinitt ¢f af., 1992). In addition, plasmin affects various growth factor
systcms, e.g. activation of latent TGFB (Lyons ef af., 1990} and dissociation of

1GF from its binding protein {Campbell er al., 1992).

S

Plasmin is a trypsin-like protease with a molecular weight of approximatety
25kDa. It is a two chain polypeptide held together by disulphide bonds. Like
olher serine proteases such as trypsin, chymotrypsin and pancreatic elastase, it
has a relatively broad suhstrate specificity and hydrolyses proteins and

palypeptides al {ysine and arginine residues.

Regulation of Plasmin Activity

Plasmin is inhibited by several protease inhibitors occurring in plasma but the
most important are ¢2-antiplasmin and o2-macroglobulin. The latter seems 10
be involved only when there is a depletion of the fast reacling or2-antiplasmin.
Plasmin activity can be controlled at several levels but most important steps
include 1) Availability of plasminogen activator 2) Levels ol plasminogen

activator inhibitor.
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1.11 Components of Plasminogen Activation System

Two well documented activators of plasminogen are urokinase type of

Plasminogen Activator (uPA) and tissue type Plasminogen Activator (tPA).
T.1LT Urokinase Type of Plasminogen Activator (uPA}

uPA is a very well characterised SOkDa protein which is glycosylatled at
Asn302. ulPA 1s secreted as an inactive single-chain protein (pro-uPA) with no
intrinsic enzymalic activity. Pro-uPA 1s activated by a variety ol proteascs
including plasmin, cathepsins B/L, Kallikrein, trypsin-like enzymes, and nerve
growth factor-v, leading to the enzymatically active high molecular weight two
chain form, HMW-uPA. Pro-uPA is cleaved at a peptide bond lysine ( 158)-
isoleucine (159), by these proteases (Blasi er @l 1987). uPA 1s 1 multidomain
protein (Gunzler et af., 1982a) whosce N-terminal A-chain (20kDa) and the C-
terminal B-chain (34kDa) are linked by a single disulphide bond (Verde ef al.,

1984, Dano et af., 1985).

Over years many forms of uPA have been identificd. The precursor protein
called high-molecular weight (HMW)-uPA is 411 aminoe acids in length (=52
kDa) and is secreted from normal fibroblasts, trophoblast cells of the placenta
and kidney wbules etc, as well as from tumour cells and is then subsequently
activated extracellularly (Saksela, 1985; Schmitt ef ¢/, 1992). The HMW-uPA
is further converted into an enzymatically active LMW-uPA which is 276
amino acids (=34 kDa) and an inactive form called amino-terminal-fragment
(ATF) which is 135 amino acids in length (=16 kDa). Subsequently, ATF is
converled into a 49 amino acid polypeptide termed growth lactor like domain,
GFD (=6 kDa) and 86 amino acid Kringle domain {(Gunzier er al., 1982a;

“

Gunzler ¢t al., 1982b). The GFD domain has a sequence homology to EGI
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(Patthy, 1985) and is involved in the binding of uPA to its receptor, uPAR
(Appella et al., 1987) (sce Fig 2}, The Kringle domain binds to heparin-related
cell surface entities (Brunner ef al., 1994; Schmitt er af., 1995). Many
hormones and cytokines control the expression of uPA in a cell specific way

(Laiho & Oju, 1949).

Conversion of the inactive form of uPA to active uPA requires its interaction
with its cognate receptor (UPAR). Pro-uPA, active uPA and the amino
terminal 135 residue region of uPA (ATF) bind to cell surface receptor uPAR
with high alfinity with a Kd ranging from 0.05-3 nM, while low molecular
weight uPA does not bind to uPAR (Blasi, 1988). The mechanism of pro-uPA
activation is not fully elucidated. Once active, uPA aclivates plasminogen into
its active form plasmin which m turn activates other proteases to breakdown

and/or remodel the extracellular matrix (ECM).

The conversion of plasminogen into plasmin by uPA is controlled by two
inhibitors, termed PAI-l and PAI-2Z, which can rapidly inactivate
enzymatically active uPA by binding to uPA when present alone or when
bound to its receptor, uPAR (Fig 2) (Schmitl ef af., 1992: Schmiit et af., 1995),
These two inhibitors belong to the serpin family but are the product of

dilferent genes.
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Iigure 2. Structure of plasminogen activator componenis.

(A) The domain structure of pro-u-PA and plasminogen. SPD, secine proteinase
domain; K, kringle: G, growth factor domain. Closed arrows indicate the position
of the cleavage sites at the conversion of the inactive, 1-chain zymogen forms pro-
u-PA and plasminogen to the active, 2-chain proteinase u-PA and plasmin. Open
arrow shows the position of the cleavage sitc at conversion of u-PA to low-m.w. u-
PA. Inter-domain disulfide bridges also arc indicated.

(B) Domuain structure of u-PAR. Numbering of domains is given. A bound u-PA
molecule is indicated, as well ag the reported interactions of u-PAR with VN and
f1-and By-integrins.

(C) Simple schematic diagram of plasminogen activalor system.

The [igures, A and B, are adapted from Andrcasen ef al., 1997,
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uPA and Carcinoma

The vrokinase type plasminogen activator (UPA), is widely distributed in body
fluids and tissues but is mare abundant in urine (LLaiho & Oja, 1989). Several
cell lines have now also been found to be rich sources of uPA. For instance,
mouse sarcoma virus infected 3T3 cells are an exceptionally rich source of
wPA. A strong correlation has been found between uPA seeretion and tumaour
formation and metastasis in nude mice using carcinogens or chemical agents
(Sisskin et al., 1980). High levels of uPA were found in malignant epithelial
cells of human breast and colon cancer as well as in lewis lung carcinoma
(Dufly ef al., 1990; Grondahl-Hansen et al.,, 1991 Janicke er af., 1990, Skriver
et al,, 1984). uPA and other components of the plusminogen activation system
have been demonstrated in adeno-, squamous cell-, and large cell lung
carcinoma cell lines (Dosne ¢t af., 1991 Heldumann ef af., 1989; Pappot &
Brunner, 1995). 1t has been demonstrated that tissues of primary cancer and/or
metastasis of the breast, ovary, prostate, cervix uleri, bladder. lung, and of the
gastrointestinal tract contain high amounts of uPA compared to control tissues

(Dano ef al., 1985; Schmitt et al., 1990).

Although uPA 1s predominantly responsible for the conversion of
enzymatically inactive plasminogen (Kobayasii ef af., 1990), it can also break
down a variety of lysine and arginine esters and amides as well as other [ow
molecular weight substrates. Specifically, uPA hydrolyses the arginine-valine
bond in plasminogen and this reaction has been shown to be inhibited by

various compounds including heavy metals such as Zn.
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1.11.2 Tissue Type Plasminogen Activator ({(PA)

(PA structurally resembles uPA. Tt has been found in blood and normal tissues.
iPA has been mostly associated with fibrinolytic funclion, while uPA has been
associated with the regulation of extracellular proteolysis. (PA is secreted as
an inactive polypeptide and is converted inlo its active (wo chain form by
digestion with plasmin. Native (PA s a single polypeptide chain with a 70kDa
molecular weight. The two chains, A and B, are linked together by disulphide
bonds. Stmilar to uPA, tPA A-chain contains a region of sequence homology
with EGF and is responsible for the fibrin binding propecty (Pennica ez al.,

1983).
1.11.3 Urokinase-Type Plasminogen Activator Receptor (uPAR)

uPAR, also known as CD87, was first described by (Vassalli er al., 1985) on
human monecytes and on the promyelocytic leukemia cell line U937, uPAR 13
expressed in peripheral blood monocyles, granulocytes and T-lymphocytes

(Blasi ez al., 1980; Stoppelli e¢f ¢f., 1985).

Human uPAR, encoded by a gene on chromosome 19, is a 313 amino acid,
highly glycosylated, long single polypeptide. The molecular weight is reduced
to 35kDa after deglycosylation (Behrendt ef af., 1991). uPAR essentially
contains three homologous domains of 90 amino acids (Behrendt er al., 1991
Roldan er al., 1990). The polypeplide, once synthesised is processed at the C-
terminus. UPAR is attached o the plasma membrane covalently via an anchor
known as GPI (glycosyl-phosphatidy! inositol) (Ploug et «l., 1991). It
possesses five potential attachment sites Jor N-linked carbohydrate and has an
unusvally high content of cysteine. The glycosylated forms of the protein
range in size from 45-60 kDa (Ploug ef «l., 1991: Behrendl er «f., 1991) and
this apparent variation in the molecular weights may be due to the extent of N-

linked glycosylation.
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The (wo important parameters of uPAR for binding to uPA are (1) the
conformation of uPAR (Chucholowski ¢r ¢l., 1992) and (2) glycosylation
(Ploug er al., 1991). Both of them arc important from a regulatory point of
view, since the unfolded, chemically reduced form of uPAR does notl block
the binding of pro/HMW uPA to cell surface anchored uPAR (i.e.. it does not
compete). Secondly, a mutant uPAR has decreased affinity for uPA in
comparison to wild type uPAR (Schmitt et af., 1995). Any alteration in the
five sites of glycosylation of uPAR results in an inactive uPAR. The authors
have shown that recombinant uPAR missing the GPI-anchor, blocks ulPA

binding to native uPAR.

High affinity uPA-uPAR hinding sites have been described on the surface of
several cultured tumour cells and in membrancs of human breast carctnoma
(Dano et al., 1994). The complex, consisting of cell bound uPAR, uPA, and
PAI-1 is readily internalised by normal and thmour cells. Recently it has been
shown that a multiligand o—2 macroglobulin receptor/low density hpoprotein
receplor (CD 91) is involved in the binding and endocytosis of the

uPARMUPA/PATI complex .

1.12 Regulation of Plasminogen Activators

Regulation of extracellular proteolysis appears to be the result of the concerted
action involving vacious types of malignant cclls and host cells. 1L 1s assumed
that tumour cells and host cells do interact in a co-operative manner ¢.g. ulPA
may be produced by adjacent [ibroblast like cells or tumowr cells and may
bind to uPAR, cxpressed at the invasive foci of the cancer cells or host cells
(Stoppelly ¢f al., 1986). PAI-1, present in endothelial celis may bind the
wPA/UPAR complex. Several experiments have shown that the inhibilion of

uPA lcads to the inhibition of invasion thus showing the important role of uPA
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in cancer invasion. These studies have been performed with in virre system
medsuring the penctration and degradation of a human amniotic membrane
(Mignatti et «f., 1986) and extracellular membrane (Cajot er al., 1990; Hollas
et al., 1991; Kobayashi ef al., 1992). The results in this thesis also show the
inhibition of invasion in breast cancer cells, in a Boyden chamber, by using
antibodics against uPA., The same results have been demonstrated in
experiments with prostate cancer cells by other members in our laboratory.
Extcensive studies on inhihition of invasion have been performed by Ossowski
and co workers. They have found that inhibition of uPA by anti catalylic
antibodies inhibits invasion and metastasis of human cancer cells transplanted
on the chorioallantoic membrane of chicken embryos (Ossowski & Reicl,.
1983; Ossowski, 1988). ulA is scleclively expressed al invasive foct i some

experimental and human cancers.

1.12.1 Regulation of Plasminogen Activator Synthesis

The activation of plasminogen, under physiofogical conditions requircs uPA at
the cell surface and the presence of uPAR. uPA has high affinity for its
receptor, WPAR and the dissociation rate is low (Vassalli ef al., 1985). The
receptor bound uPA provides focused proteclysis and therefore, can be taken
as a regulatory target. The receptor bound uPA is not miernalised in the
absence of PAT-1 (Cubellis e/ al., 1990), which binds to uPAAUPAR complex
(Conese & Blasi, 1995a) and initiates internalisation and then subsequent

degradation of uPA by lysosomal enzymes.

The synthesis of each of these components is regulated by a variety of
hormones, growth factors and cytokines (Andreasen et al., 1990; Dano ef al.,
1985). The pattern of regulation varies among different cell types. If, for

example, a certain growth factor induces uPA synthesis in one cell type, it
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may inhibit it in another and leave it unchanged in most cell types. However,
it has been shown that the interaction of growth factor and plasminogen
activator is bi-directional, in that growth factors regulaie plasminogen
activation and are regulated by plasminogen activators. For example, EGF
stimulated uPA production in brain astrocytes while IGF stimulated only (PA
and PDGF had no effect on PA activities in astrocytes (Tranque ef af., 1994).
Changes induced by TGF in the PA system differ depending on the cell
types. TGFP upregulates uPA in MCF-7 cells (Atho et af., 1997) and induces
both uPA and PAI-1 in MDA-MB-231 cells (Arnoletti er ai., 1995; Farina et
al., 1998) and in the human adenocarcinoma cell line A549 (Keski-Oja er af.,
1988). [t has been shown by Graham (1997) that TGFf, as low as 0.1ng/ml
increases PAI-1 by 63%. in human trophoblast cells. While Lund er al., (1987}
demonstrated that uPA and (PA are decreased by TGP in embryouic
fibroblasts. On the other hand, growth factors including IGF (Campbell er al.,
1992) and TGFP (L.yons ef al., 1990) are regulated by the plasminogen
system. For example, PAI-{ is known to induce TGFJ in certain cells. Cell
surface bound plasminogen activates latent growth factors suach as TGRf,

insulin and interleukins (Schnitt et al., 1993),

Hormones like oestrogens, progesterone and prolactin are also involved i the
regulation of the plasminogen activalion system (M-y-Lopez & Ossowski,
1987). E2 has been shown to induce tPA in MCF-7 cells (Ryan er al., 1984).
However, it down regulates uPA in S30 cells (a transfectant stably FER-
expressing cell line) (Long & Rose, 1996}, Ossowski er al., (1979) has
suggested a very distinct difference in the response of plasminogen activator
synthesis to hormonal modulation between normal and neoplastic cells. The
bi-directional regulation and also the differential regulation of plasminogcn_
activation varies among different cell lines under different circumstances.
This, therefore, provides a versatile system for regulation ol cell surface

plasminogen activation that allows regulatory factors to turn on plasminogen
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activation on one cell fype but not on others. Such a systemn may form the
basis (or a strict regulation of plasminogen activation during non malignant
physiological processes such as trophoblast invasion, wound bealing and
prostate involution, while defects in this regulatory system may lead to the

apparently uncontrolled plasminogen activation and result in invasive cancer.

Plasminogen activation can be controlled at several levels. Pro-uPA is
converted more cfficicntly when bound to its receptor than when present in
soluble form. The activation is 20 times higher (Ellis er al., 1989). In addition
o other enzymcs, plasmin appears to be the main enzyme involved in the
activation of inactive uPA. Plasmin also has cell surface receptors and
therefore presents an efficient inechanism of uPA activation. The mechanism
of the initiation ilself, however, has not been clarified. The overall efficicney
of plasminogen activation due to receptor bound plasmin is because receptor
bound plasmin,(which has low affinity and high dissociation rate towards its
receptor) has some degree of protection from its inhibitors, alpha-2

antiplasmin (Ellis ef al., 1990) and other serum inhibitors.

IPAI-1 induced internalisation and degradation of receptor bound uPA,
significs another level of regulation (Conese & Blasi, 1995b). It has been
shown in a number of studies that the localisation of the componcnts may
itself regulate the proteolytic processes. e.g. in HT1080 fibrosarcoma cells
PAI-1 and uPPA do not co-localise; uPA is Tound at the cell-cell or cell-
substratum sites whereas PAI-1 hus been found in the extraccllular mairix.
Cell migration brings the rceeptor bound ul’A and PAI-1 in contact and

therefore cell migration may be thought to regulate surface proteolysis.

If internalisation and degradation of receplor bound uPA by PAIL-1 go through
an endocytotic step, then migraling cells have the ability o carry out a
complete plasminogen activalion scquence, starting with the synthesis and

sccretion of inactive pro-uPA, [vllowed by binding to uPAR, activation,

Sy
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production of surface plasmin, inhibition by PAI-1 and internalisation and

degradation of the receptor bound uPA/PAIL-1 complex.

Another type of regulation however, may also be possible. Enzymatic activity
is not necessary for binding to uPAR (Schmitt ¢r al., 1992). The umino
lerminal fragment, with no enzymatic activity can bind te uPAR. The
occupation of the receptor with an inactive uPA {(ATF) results in the decrease

of its actual as well as surface bound activity.

uPAR binds both active and inactive pro-uPA with high affinity (Kg 10-2-10-
LY M) (Bllis ef al., 1991). uPAR is hound to celi surface by a GPI anchor
(Ploug et el., 1991) and can be released by its specific enzyme phospholipase
C (Blasi et al., 1990). This suggests stil] another lype of regulatory
mechanism, Concomitant binding of pro-uPA and plasminogen (o ccll surface

suggests the enhancement of plasmin formation.

1.12.2 Regulation of Plasminogen Activators by Growth Factors and

Steroid Hormones

Growth factors including TGFa, TGF and EGFE (Arnolelti er af., 1995;
Tranque ¢f al., 1994} and hormones (Mira-y-Lopez ¢f al., 1983) are not only
able to promote cell proliferation but can also modulate urokinase expression

in various tumour cells.

Furthermore, a mitogenic etfect of urokinase itsell was found in certain luiman
tumour cell lines e.g. prostate cell fines derived from hyperplasia or carcinoma
(Kichhecimer er af., 1987) and the human ovarian cancer cell line OV-MZ-6
(Wilhem ef al., 1994). A positive correlation was shown by Vecchio ef al
(1993) between uPA concentration and rate of proliferation. They have

assessed proliferation by immunostaining with monoclonal Ab Ki67. uPA can
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also activate latent growth factors directly or through a plasmin mediated

mechanism and thus contribute to the proliferative activity.

EGF increascd the sceretion and activity of uPA in the MDA-MB 231 brcast
cancer cell line, and this finding was correlated with increased expression of
uPA mRNA (M-y-Lopez & Ossowski, 1987). EGF increases the plasminogen
activator activily in both intraccllular and extracellular levels in Hel.a cells
and also in other cell lines such as cultwed human {oreskin fibroblasts and the
rat kidney ccll line NRK-536-3-1. Since TGF« induces its affects via the same
receptor as EGT it has been observed that TGF . also stimulates the activity of

plasminogen activators.

Wilh the exception of glucocorticoids which suppress uPA activity in a variety
of cultured cells aud tissues (like primary cultures of involuting murine
mammary glands and explants of rat mammary tumours), stercid hormones
generally increase plasminogen activator activity. Oestrogens, for instance,
increase plasminogen activator activity in both primary culture and in the
MCEF-7 cell line {Pourreau-Schneider ef al., 1989). They also increase the PA
activity in mammary tumours induced by chemicals and promote the prolactin
stimulation of uPA activity. Progesterone blocks prolactin stimulation of uPA
activity. Similarly, anabolic steroids and androgens incicase the plasminogen

activator activity in different cell lines.

uPA aclivity is increased by LI, LHRH and HCG in granulosa cells of
preovulatory follicles of rat ovaries, It should also be noted that polypeptide
hormones and cAMP have been reported lo causc parallel changes in
intraceflular and extracellular levels of uPA by affecting de novo synthesis of

uPA by a mechanism dependent on mRNA synthesis.
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1.12.3 Regulation, interaction and functions of uPAR

Critical balance of the protease uPA, the inhibitor PAI-{ and cell surface
receptor UPAR, arc the prerequisites of the ctficient tumour cell invasiveness,
focal proteolysis and mctastasis (Liu e¢f al., [995). For instance,
overexpression of not only uPA and PAI-1 (Schmitt ef a/f., 1997h) but also
uPAR in breast cancer cells resulted in (ncreased invasion and metastasis
(Xing & Rabbani, 1996). In addition to PAI-1, uPAR is another major binding
protein to the vitronectin rich extracellular matrix (Kanse er al., 1996). uPAR
cven may influence cell adhesion and direct migration of adherent cells by
regulating integrin functions of the cells (Fefsenfeld ef al., 1996; Wei er al.,

1996).

It had been shown earlier that UPAR does not internalise uPA (Vassalli e al.,
1985). However, uPAR is responsible for mediating internalisation of
uPA/PAI complexes (Cubellis ef al., 1990; Olson ef ¢f., 1992). Both uPA and
pro-uPA binds with the same affinity to uPAR with a Kd of 0.1-2 nM (Appella
et al., 1987). In uPA, the receptor binding site is located in the amino terminal
fragment (ATF) of the growth factor domain (GFD). LMW uPA that lacks
GFD does not bind to uPAR (Schmitt ef af., 1995). The ligand (uPA) binding
domain in uPAR is located within the first 90 amino acids, of the N-terminus
(Behrendt ef al., 1991). nPAR is specific for uPA and does not bind (PA,
plasminogen or BEGF (Blast ef al., 1986). Ossowski showed that mere
production of high levels of uPA in the absence of UPAR will not provide a
tumour cell with maximal invasive potential (Ossowski, 1988). Veechio and
colleagues strongly support the idea that uPAR plays a central role in invasive
phenotypes in breast cancer patients and therelore suggests its potential use as

a prognostic marker in such patients (Vecchio ef al., 1993).
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1.13 Plasminogen Activator Inhibitors (PAI)

There arc several classes of protease inhibitors in the plasma but the
predominant class of inhibitors is referred as SERPINS (serine protease
inhibitors), including PAI-1, PAI-2 and PN-1. The serpin family is diverse.
This class includes inhibitors of the serine proteases involved in physiological

and pathophysiologicul processes.

The main function of these inhibitors is to negatively regulate proteolytic
events associated with numerous biochemical pathways (Potempa er «l.,
1994). The distinct prolease inhibitors specific for plasminogen activators are
endothelial type PAL (PAI-1) (Kruithof ef al., 1987}, the placental type PAI
(PAI-2) and proteasce ncxin (PN-1). These are different in immunological and
physiological characteristics (Springer & Kluft, 1987) but all have arginine in

their reactive centre (Hill & Hastic, 1987).

1.13.1 Plasminogen Activator Inhibitor Type-1 (¥*AL-1)

PAI-1, mainly produced by endothelial cells (Sprnger & Kluft, 1987), is
present in high concentration in plasma. PAI-1 is also produced by a number
of other cell types including platelets (Erickson er af., 1984), normal rat
kidney cells (NRK) (Ryao ef al., 1996) and different tumour cells (Andreasen
et al., 1990). The expression of PAI-1 is differentially regulated in different

human cancer cell lines by inhibitors of protein synthesis (Lund, [996).

PAI-l is a sccreted protein. Amine acid sequencing and cDNA nucleotide
sequencing have revealed the structure of human PAl-1 as a 381 amino acid
long, single chain glycoprotein, with a signal peptide of 21-23 amino acids.
PAIL-1 has a 50kDa molecular weight (Andreasen ef af., 1986}, The authors

have shown that PAI-1 has arginine in its reactive centre towards the carboxy-

i




Introduction 49
terminus of the protein. Human PAI-1 efficienily inhibits (PA and uPA but not
pro-uPA (Andreasen ef al., 1990) and is present across all components of the
tumour., PAT-] rcacts with thrombin, albeit slowly, until some cofactor like

heparin is added to the system.

PAI-1 is secreled as an active protease inhibitor but is spontaneously
converled into its inactive form. The half life of active PAI-1 is about 2 hours
in culture medium (Levin & Santell, 1987), The inactivation may be because
of conformational changes that hide the reactive centre of the protein (Springer
& Khaft, 1987). The inactive stable lorm is termed latent. The latent form is
stable because the inhibitory activity can be restored by denaturation or
renaturation (Hekman & Loskutoff, 1985). Recently, Mottonen and associates
have shown the crystal structure of the latent form. The authors have shown
that vitronectin (Vitronectin 1s serum spreading protein or S protein and is a
75kDa adhesive glycopretein found in plasma and in conneclive lissues-it
binds strongly to glass and plastic surfaces and promotes the spreading of a
variety of cell types on cultures dishes) maintains the active conformation of
PAI-1, once it is bound to this ECM protein, and can inhibit uPA mediated
proteolysis (Mottonen ef al., 1992). PAI-1 is heterogenously distributed in the
tumour. This was shown by immupocytochemical studies. Fukao and
associates, using an immunohistochemical technique, have shown that PAI-1
is mostly present in the carcinoma itself and not in the normal mucosa in
stomach and colorectal tissues (Fukao ef al., 1991). Whereas Cajot and others
have shown even distribution of PAT-1 in ECM and also its localisation not
only in microgranular and fibrillar material but also as lining of the cell

mcmbrane, plasma membrane protrusions and surtace pits (Cajot et af., 1990).

Molecules that affect the synthesis and secretion of PAs, also aftfect PA-

inhibitors. For example, the secretion of PAI-1 is stimulated by TGFf1 treated
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cells, whereas uPA and tPA arc decreased (Lund ef af., 1987). PAI-1 is

decreased by gonadotrophins in granulosa cells (Ny ef al., 1985).

1.13.2 Plasminogen Activator Inhibitor Type-2 (PAl-2)

PAI-2 is produced mainly by placenta and macrophages (Kruithof et af.,
1987). PAI-2 is a 60kDa glycosylated protein with 393 amino acids. PAI-2,
also belongs to the SERPIN family. It binds uPA specifically but less
cfficiently than PAI-1 (Conese & Blasi, 1995&). PAl-1 and PAI-2 are
immunologically different, their genes arc located on different chromosomes

and are expressed differentially in individual cell types.

PAI-2 was first purified from placenta extracts but is also released by tumour
cells and phagocytic cells. Higher concentrations of PAL-2 have been ohserved
in the plasma of pregnant women during the 3rd (rimester of pregnancy
suggesting a role of PAI-2 in the control of plasminogen activation by ulPA
during parturition (Springer & Klult, 1987). The clearancc of PA and

inhibitory activity takes place primarily in the liver (Iimeis, 1985).

1.13.3 Proteasc Nexin-1 (PN-1)

A third PA inhibitor is protease-nexin-1 (PN-1). It [s a 43kDa protein and is
present in human fibroblasts and placental cells (Baker ef «l,, 1980) and in
murine kidney (Moll et af., 1996). In contrast to the PA-specilic inhibitors,
PN-1 also inhibits plasmin , thrombin , and other trypsin like serine proteases

(Scott ¢f al., 1985).
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It has been shown recently by Conese and his colfeagues that PN-T binds uPA
and this complex follows the same pattern of internalisation and degradation
as WPA-PAI-1 complexes. (Conese ef ¢l., 1994}, Both complexes involves wp-
MR, in addition to uPAR (Hertz er al., 1992). Therefore its role in the control
of uPA mediated plasminogen activation cannot be ruled out. PN-1 has an
important function in reproduction as indicated by 1ts presence in the mouse
seminal vesicle (Vassalli er al., 1993) and human placenta (White e/ «l..

1993),

1.14 Regulation of PAT-1 and PAJ-2

Both PAI-1 and PAL-2 react rapidly and specifically with both tPA and uPA
but not with pro-uPA (Kruithof ef al., 1987). PA-inhibitors form stable
covalent complexes with uPA and tPA in equimolar ratios ( 1:1) (Kobayashi et
al., 1994). The complex formation between uPA and its inhibitor is formed
between the reactive sites of the respective proteins. [t has been shown by
many authors that receptor bound uPA 1s available for efficient inhibition by

PAls (Cubellis ef al., 1989; Ellis ef al., 1990, Pyke et al., 1991).

1.14.1 Regulation of PAI-1 and PAI-2 in Cell Cultures

The inhibitors of plasminogen aclivators are modulated in a similtar fashion o
the plasminogen activators themselves. The effects of TGFB on cell
proliferation and urokinase plasminogen activator system have been studicd
exlensively on both normal and cancer cells and tissnes. TGFP 1s known (o
rcgulate the PA system both at the transcription and (ranslational [evels.”
Bourhis and colleagues have shown recently that TGFR 1 and sodium butyrate

differentially modulate components of the PA system. e.g. TGFR inhibited
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proliferation and uPA activity but increased PAI-1 levels in normal human
breast epithelial cells (HBECSs) whereas, an increased uPA activity and PAI-1
antigen levels were observed in response to TGEF3 in MDA-MB-231 cclls
(Bourhis et af., 1998). Sodium butyrate showed no effect on PAL-1 levels. A
close correlation of PAI-1 and TGFP mRNA levels has been associated with
perturbance in PA/PAI-1 balance thereby resulting in glomerulosclerosis
(Moll et al., 1993). PAI-1 gene expression is regulated by both serum and the
nature of the substratum, This has heen observed in normal rat kidney cells
(NRK) by Ryan er al. They have shown an increase in PAl-1 expression by
serum both, in agarose suspension, and in monolayer cultures (Ryan ef «f.,
1996). TGF induces increased PAI-1 activily and antigen in mediwm
conditioned by the different cell lines e.g. human lung fibroblast ccll lines W1~

38 and Hel 229, in HT 1080 and in the human epidermoid cell line A431 etc.

Autocrine activity of growth factors may be involved in the regulation of the
PA system e.g. basic fibroblast growth factor (blGI7) is known to induce PAI-
1 mRNA in bovine endothelial cells (Pepper ef af., 1992). EGF does not only
increase PAI-1 protein level but also increased the mRNA levels in prostate
cancer cell lines. This has been shown recently by a work in our laboratory.

Insulin also induced PAI-1 levels.

A time dependent increase in the components of plasminogen aciivators was
observed by Lund and colleagues, after treating mouse skin with phorbol
esters, such as phorbol [2-myristate [3-acetate (PMA), which are tumour
promoters and activators of protein kinase C. PAI-1 mRNA could be detected
after 24 hours of PMA treatment {Lund ¢t al., 1996). PMA also increased PAI-
2 protein in U937 cells duc to an increase in PAL-Z mRNA and gene

rranscription rate (Kruithof ef al., 1987).
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1.15 Relation of Tumour Invasion and Metastasis to Normal

Processes

Tumour invasion and metastasis are the major causes of treatment failure for
cancer patients. Metastases do nol occur randomly and/or accidentally but 1t is
an active process of tumour invasion, which involves a complex phenomenon

of responses by both cancerous and normal cells.

The complex series of host-tumour interactions jnvolves invasion of the
healthy tissues, by penetrating the ECM ar multiple steps in the metastatic
cascade by cyclic repetition of 3 biochemical steps: 1) Tumour cell attached (o
the basement membrane or ECM. 2) Breakdown of the hasement membrane or
ECM by the proteolytic enzymes. 3) Increased motility of the tumour cells to

the distant siles with the help of the tumour associated proteases.

uPA is the key enzyme required for the invasiveness of cells, both in cancer
and inflammation and for the normal physiological processes including

mammary gland involution (Duffy, 1987), embryogenesis, tissue remodelling,

wound heating (Del-Rosso et al., 1990), angiogenesis (Sato & Rifkin, 1989),

trophoblast implantation (Saksela, 1985) and gametogenesis {(Sappino et al.,

1989).

The biochemical and molecular biclogical steps in physiologically invasive
processes and cancer cell invasion and metastasis are qualitatively identical,
e.g. during both mammary gland involution and cancer invasion, basement
membranes are destroyed. Both require uPA dependent proteolysis for plasmin
generation and thereby activation of a cascade of events leading to the
degradation of extracellular matrix. Thus, i’ proteases i.e. plasminogen
activator/plasmin system play a role in normal destructive processes they may
also be involved in pathological destructive processes such as cancer invasion

(Duffy, 1987).
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Proteolysis in normal tissue occurs for only a limiled duration and is strictly
regulated at many levels. e.g. (rophoblast cells, like malignant tumour cells,
arc highly invasive which is necessary for implantation and penetration of the

maternal endometrial stroma and blood vessels. However, the invasion ol

erus s under strict control, in contrast to tumour cells.

In malignant neoplasms the imbalance of proteolysis favours unchecked
invasion and metastasis. he difference between norimal and cancer invasion is
that proteolysis in tumour cells couples with motility of cells to the places and
at times which is inappropriate for normal cells (Liotta er af., 1991). More
importantly, there 1s a very large difference in the amounts of uPA synthesis.
its inhibitor and receptor that are secreted. A large number of studies have
demonsirated the increased levels of uPA, PAI-| and uPAR in cancer invasion
and metastasis. High levels of uPA 1n cancer made it a significant prognostic
indicator in many of the cancers e.g. breast, colon, ovary, prostate,
oesophagus, and lung etc. vPA is a marker of poor prognosis. Extensive
studies on trophoblast implantation have been performed to compare the
invasive frophablast and tumour cell. The intrinsic invasiveness was
determuned (Kirby, 1965) by using mouse blastocyst and showed that iz vive
invasion was greafer in non-pregnant uteri than pregnant utert. Mignatti er /..,
(1986) also demonstrated the in vitro invasiveness of the trophoblast using the
human trophoblast cultures in in vitro invasion assays. These and other studies
showed that trophoblast invasion 1s under strict control which limits its
invasion beyond certain required point. Some carly studies by (Kitby, 1963,
Mignatti ef al., 1986; Yagel er al., 1989) have shown that invasion during
pregnancy is controlled by decidual tissues of the uterus, to limit implantation.
It was later demonstrated by Graham, (1991 and 1992} that decidua derived

factors play a role in the in vivo control of (rophoblast invasion.
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One of the molecules thought to reguiate the trophoblast invasion is TGFf
(Lala & Graham, 1990}, It has been shown that TGFB limits implantation by
inducing differentiation of the human cytotrophoblast cells into non invasive
syncytiotrophohlasts (Graham & Lala, 1992). The exact mechanism of TGFf
action in not clear but it is known that TGF[} induces the expression of TIMPs
(LLaiho & Oja, 1989) and also PAl-1 (Lund et al, 1987). Furthermore,
Graham, (1991 and 1992) confirmed that the trophoblast invasiveness is
increased by using antibodies against TGFB. It may be because the presence of
this antibody decreases the level of TIMP, at both protein and message levels.
TGFf also up regulates integrin expression and reduces the imigratory ability
of the invasive trophoblast. This was confirmed by using antibodies against

integrins where stimulated migration was observed (Irving & Lala, 1995).

The interesting fcature of the regulatory pathway 1s the activation of latent
TG by plasmin (Flaumenhaft ef af., 1992). uPA activales plasminogen into
ptasmin, which then activates latent TGF in the extracellular matrix. TGFP
increases the inhibitor levels and thercfore, in the prescnce of increascd
inhibitor expression, the invasion process is lerminated (Strickland &
Richards, 1992). Thus protcascs that arc normally involved in tumour invasion
are also responsible for trophoblast implantation {Testa & Quigicy, [990).
Proteascs are found at highest levels in the invasive front. where degradation
of the normal tissue occurs, both during normal and invasive processes. If
TGE[ controls the trophoblast invasion, il has the potential (o be used as an
inhibitor of cancer invasion and metastasis, since metastasis is the cause of

mortality.
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1.16  Plasminogen Activator Components as Prognostic

Markers in Cancers?

The importance of plasminogen activator components, uPA and PAI-1, and
recently uPAR, has been strongly suggested in the process of invasion and
metastasis. Their involvement in cancer metastasis has been proved by results
from experimental model systems with animal tumour mectastasis.
Furthermore, results from the studies on many human cancers have shown that

high levels of uPA, PAL-1 and uPAR predict poor patient prognosis.

Considerable evidence indicates that uPA is a strong and independent
prognostic marker in breast cancer (Duffy er al., 1996; Duffy er af., 1990;
Ferno er al., 1996; Hildenbrand er af., 1998; Holst-Hansen er af., 19906;
Janicke et al., 1991; Janicke er al., 1993; Schmitt ¢ ai., 1997a; Schmitt e af.,
1990). Clinical studies have suggested that cxpression of the uPA system
directly influences malignant behaviour. For exumple, Foekens and associates
have shown that the level of uPA in fumour cytosols have been correlated with
metastatic disease and shortened survival among breast cancer patients
(Fockens et af., 1992), Further studics on the major subgroups of patients wiih
breast cancer (ER™, Positive axillary nodes, women younger or older than 50
years of age) have shown that uPA was an indicator of prognosis in all sub-
groups. In all sub-grouping in node negative breast cancer paticnts, ulPA hus
been suggested to be a more significant prognostic marker than tamour size or
ocstrogen receptor status (Duffy er al., 1998; Duffy er gi.. 1994). High uPA
antigen levels were shown to be a stronger prognostic marker than uPA
activity in breast cancer (Reilly er af., 1991). Tt has been demonstrated by
Janicke and colleagues that uPA is 12 times higher in cancer tissues extracts
than in the extracts of normal breast tissue. The same group has further shown
that patients whose tumours have levels of uPA as high as 3.49 ng/mg protein

had a statistically significant high relapse rate and shorter life expectancy
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(Janicke ¢f af., 1991). Many groups have shown that established markers of

poor progression in breas{ cancer (lymph node imvolvement and negative

hormone receptor status ete) were associated with higher nPA content. The

impact of uPA on prognosis is even stronger than hormone receptor and tymph

node status (relative risk 21.1> 5.8> 3.0), respectively (Schmitt e of.. 1990).

There is & significanl corrclation between uPA and PAI-1 and tumour

associated angiogenesis (Hildenbrand et al., 19954; Hildenbrand er al.,

1995b).

uPA has been suggested as a marker of meiastasis in colorectal cancer

(Mulcaly et al., 1994). High uPA antigen levels were correlated with poor

overall sucvival 1n patients with colorectal cancer (Schmitt 7 «f., [992).
Hlevated uPA levels were found to be assoctated with poor prognosis in
gastric cancer and therefore has been suggested as a new prognostic factor in
gastric cancer predicting shorter survival in clinically important subgroups ol
patients. They have further shown that uPA levels in tumour Lissue extracts

significantly correlated with vascular invasion (Cho er al., 1997; Nekarda et

al., 1994). A 4-fold elevated uPA contecunt, in addition {0 incrcase i other
fibrinolytic componenis, was obscrved in metastatic ovarian cancer. These
elevated levels at the sitc of mctastascs may contribute to the aggressive
potential of cancer cells. Therefore uPA can be used as a prognostic marker in
selecting more aggressive cancer (Schmalteldt ef /., 1995). Furthernmore, high
uPA levels, as measuwred by immunohistochemistry have been reported to be
associated wilh poor prognosis in pulmonary adenocarcinoma (Oka ef «l..
{991). The adenocarcinomas constitute about one fourth of all lung cancers.
The prognostic value of uPA has also been determined in other types of lung

carcinomas (Pedersen of al., 1994a).

Not only uPA butl elevated levels of PAI-1 has been associated with poor

prognosis of patients in many cancer types. A plethora of data has shown that
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PAI-1 is an independent and significant prognostic marker in breast and other
cancer types. PAI-1 was found to be an independent prognostic variable
predicting short overall survival with a relative risk of 2.27 in node positive
cancer patieats (Grondahl-Hansen er af., 1997b). [n another study Grondahi-
[Mansen and associates have shown that PAL-1 is a much stronger prognostic
factor than uPA and uPAR in breast carcinoma (Grondahl-Hansen breast e¢
al., 1997a). Janicke and associates have found an increased risk of relapse and
death in patients with PAI-1 levels greater than 2.18 ng/mg protein and uPA
levels >2.97 ng/mg protein (Janicke ef al., 1993). The same group have found
that in node negative patients, PAI-I follows the impact of uPA. In a time
dependent risk profile of prognostic markers Schimitt and associales have
shown that the prognostic significance of uPA and oestrogen receplor stalus
has been decreased whereas PAI-1 prognostic impact is increased with time
and become similar in prognostic strength to the lymph node status (Schmitt er
al., 1997h). Elevated amounts of PAI-1 in patients with primary twmour has
significant correlation with high relapse rate (Schmnitt ¢ of.. 1992). This high
risk of relapse in breast cancer patients with high PAI-I antigen is
confounding and contradictory to what onc would cxpect given the
biochemical role of PAI-1, which has been known to serve as a local
attenuator of uPA mediated proteolysis (Bacharach er «f.. 1992). Cajot and
associates in their early studics on the role of PAI-1 in the degradation of the
extraccllular matrix by fibrosarcoma and colon carcinoma cells have shown
that PAl-1 inhibited the breakdown of the extracellular matrix whereas,
monoclonal antibodies to PAI-1 increased the degradation of the matrix (Cajot
et al., 1990). This clearly implics that PAI-1 acts as an inhibitor ol uPA
medialed protcolysis but the enormous amount of data regarding clevated
levels of PAI-1 and poor prognosis indicate that PAI-1 protects the tumour
from autoproteolysis and thereby helps in reimplantation ol tumour cells at a

site distant from its primary site {(Schmitt ef af.. [992). It has recenlly been
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shown that PAI-1 may promote tumour progression, by (i) promoting the
intra- or perivaséulzu‘ tumour cell development, or (b} by cither disrupting
uPAR-integrin complex or by interfering with integrins, or both, and therehy
causing tumowr cel] migration (Chapman, 1997). Kanse and collcagues have
also observed that PAl-1 can modulate the uPAR binding o vitronectin, again
enabling tumour cells to migrate (Kanse e «l., 1996). PAI-1 may aizo
conserve (umour lissue integrity and its involvement in promaoling cancer

progression and metastasis formation.

A significantly higher level of PAI-1 (5.08 ng/mg) was found in the higher
stages (G2/G3) as compared to PAI-1 level (2.19ng/mg) in lower (G 1) stage of
the endometrial carcinoma (Kohler ef af., 1997) bul longer observation tirme
has been proposed by the authors to use uPA and PAI-1 as prognostic markers,
[t has been shown recently in clinical studies of various lung cancer cells that
PAI-l expression in tumour tissucs is an adverse prognostic feature. In assays
for invasiveness, a cell line with no PAI-1 antigen and expressing only uPA
and uPAR displayed no invasive capabilily despite levels of scercted uPA
more than 20-fold higher than other ccll lines. So, they concluded (hat both
uPA and PAI-1 are necessary for optimum invasiveness of lung cancer cells
(Liu ef «f., 1995). In another study on gastric cancer. it has been demonstrated
that PAI-] showed a significant corrclation with advanced lymph node
involvement which was associated with decreased survival, The relative risks
of failure were 2.9 and 5.0-fold for PAI-1 and lymph nede involvement.

respectively.

It has been shown that, unlike PAI-1, low levels of PAI-2 had a worse
prognosis in breast cancer patients (han those with elevated levels and
therefore high levels of PAL-2 has been suggested as a marker ol good
prognasis in breast cancer (Duggan ¢z «l., 1997, Toekens es ul., 1995). PAL-2

mRNA was found in cancer cells. Low levels of PAI-2 in breast cancer is
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correlated with shorter discase-free survival in post menopausal women and

women withaut lymph node involvement {Bouchet et al,, 1994},

uPAR has recently been implicated as a possible prognostic marker in hreast
cancer as well as other types of cancer. The potential prognostic value of
uPAR in breast cancer tissues was determined by ELISA and significant
correlations were found between the levels of uUPAR relative to the uPA and
PAI-1 levels (Ronne et af.. 1995). In another study, a significant correlation
between elevated levels of uPAR and poor prognosis has been demonstrated in
breast cancer (Grondahl-Flansen et af., 1995). This group has shown that when
the clinically relevant subgroups were analysed separately, the prognostic
value of uPAR was particularly strong in node-posifive post menopausal
women with considerable shorter overall survival. The muluvariate analysis
including other cstablished factors such as uPA, PAI-1 and FR status, however
showed that PAI-1 was the only independent variable for both relapse free and

overall survival.

.....
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AIMS AND OBJECTIVES

The plasminogen-plasmin systern represents a complex cascade of proteolylic
enzymes which, together with other enzyme sysiems such as collagenases and
other melalloproteases, is involved in the degradation of extracellular mairix
(Blasi et al., 1987; Dano et af., 1985; Liotta & Stetler-Stevenson, 1991,
Mignatti & Rifkin, 1993). Urokinase type of plasminogen activator (uUPA) is
the key enzyme in this system in thul it activates plasminogen into a broad
trypsin like substrate, plasmin. Proteolytic activity of uPA is potentiated and
localised by binding to its receptor on cell surface (Chucholowski er al., 1992;
Ellis & Dano, 1991; Schmiti ¢ al., 1997b). The nct uPA activity is determined
not only by the amount of enzyme but also by the specific inhibitor, such as

plasminogen activator inhibilor type 1 (PAL-1).

Breast cancer cell proliferation, invasion and metastasis is under the control of
muliiple factors including sterord hormones and growth factors (Ossowski ef
at., 1979: Springer & Kluft, 1987). However less is known about the exact
role of hormones and growth factors in modulating the invasiveness and
progression of melastasis of breast cancer. Many studics showced earlier the
morphological changes of cells grown on different substrata, e.g. plastic,
collagen, fibrinogen etc., but it was only recently that EHS was used to study
the morphological changes of the cells. There were no data available, at least
for breast cancer cell lines, Lo determine the effect of EHS on the reguiation of

cellular function.
In the light of the foregoing, the aim of the study was Lo :

Examine the effects of scveral hormones and anti-hormones including
oestrogen, progesterone and tamoxilen, together with different growth factors
like TGFB1, EGF and TGFo on the components ol the uPA system in relation

to invasive potential.
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Specific questions were:

1) Were there any signilicant differences between the regulation ol secretion
ol 1members of the urckinase family when cells were grown on either plastic or

LIIS (Extracellular matrix).

2) To what cxtent was modification of uPA scerction reflecied in change in

invasive potential?

3} Was the regulation of these potential metastatic enzymes at transcriptional

and/or translational levels?
4) Did oestrogen alter sensitivity of the cells to exogenous factors?

5} How did PAT-! levels relate to uPA levels relative to invasive potential?




CHAPTER 2
MATERIALS AND METHODS




2.1 Materials
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2.1.1 Tissue Cujture Plastic Ware:

Costar Co

U.S.A

Gibco/BRL

Paisley, UK

Medicell International
London, UK

Nunc

InterMed, U.K.
Whatwan Ltd.
Maidstone, UK.

Nalgene

Lillers (0.22 um)

Falcon tissue culture flasks (25, 75,1 50cm?2)
24 well plates

96 well Tissue culture plates

96 well ELISA plates

Transwell chambers

Tissue culture pipettes

Chamber Slides

Dialysis Membrane

Cryotubes

80 cm? tissue cultare flasks

Whatman 3 MM Paper

Whatman 0.2 mM nitrocellulose paper

0.2 pm Boule wop filters

2.1.2. Tissue Culture Medinm:

Gibeco/BRIE.

RPMI- 1640 medium with 25mM  Paisley, UK
HEPES

Foetal hovine serum

o S N R .t



Sigma

Poole, Dorset, U.K.

2.1.3 General Reagents:

Chemical Compounds:

BDH, MERCK Ltd

Glasgow, U.K.

Fisher Scientific

Loughborough, UK
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Glutamine (200 mM)

Penicillin (10 000 1U/mi)/Streptomycin (10
ng/ml)

Sodium bicarbonate (7.5 %)

Trypsin (.25 % w/fv)
Phenol-red free RPMI- 640

B-Mercaptoethanol
Charcoal (Norit Gsx)
HEPES

Metharol

SDS (Sodium dodecyl sulphate}
Tween 20

DMSO

Glycerol

Sodium acelale

Sodium carbonate

Sodium chloride

Sodiur hydrogen carbonate
Triton X-100

£DTA

Calctum chloride
Potassium chloride

Magnesium chloride
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Glycine
Sulphuric acid
ITydrochioric acid
Acctic actd
Boehringer Tris ITICI
Lewes, I, Sussex, UK.
Biochemical Reagents:
American Diagnostica Mouse anti-uPA ab (Clone No # 394) «
Alpha Laboratories Mouse anti-PAl-1 ab (Clone No # 3785)

Bio-rad Laboratorics I.td Bradford dye reagent

Hertfordshire, U.K.

BRL

Paisley, Scotland
Calbiochem
Cambridge, U.K.
Dako

ICN International
UK

Qudratech
Surrey, UK

R&D System

Sigma

Poole, Dorset, UK.

Pre-stained molecular weight markers

Pansorbin
uPPA
OPD tablets

Plasminogen (human)

S-2251, H-D-Val-Leu-Lys-pNA.2ZHCL
(Chromogenic substrate for plasmin)
EGF (Recombinant human)

TGFB1 (Purified from human platelets)
17-B Oestradiol

Progesteronc

MTT

Plasminogen

BSA
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Tamoxifen
Dithiothreitol
Dextran
TEMED
Trypan Blue (0.4 % w/v)
HRP conjugated anti-rabbit lgG
DNA (calf thymus) type XV
tHoechst 33258

Ribonuclease A

Gift from Dr. Anneke Geur(s

Nijmegen, Netherland

Sheep anti-chicken 1gG

Chicken anti-uPA IgG

Chicken anti-PAl-1 f2G

Chicken anti-tPA 1g(

Rabbit anti-uPA IgG

Rabbit anti-PAL-1 [gG

Rabbit anti-tPA 1gG

uPA standard (Grunenthal}

PAI-1 standard (Peter Andreasen)

tPA standard (Actilyse)

Gitt from Dr. Collin Wilde EHS

Hannah Research Institute,

Ayr Scotland

2.1.4 Molecular Biology Reagents:

Pharmacia Biotech

First strand cDNA synthesis kit




Herts, U.K.
Sigma

Poole, Dorset, UK.

Promega

Southamptoun, U.K.

2.1.5 Equipment:

Progene

Cambridge, U.K.
I.absysytems Multiscan
K

LXB Biocrom ltd

UK

Hitachi-Perkin Elmer

UK

Bio-Rad
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Agarose (high melting temperatuee)
DEPC

Ethidium bromide

Tri-reagent

Deoxyribonucleoside triphosphates
MgCla

Phix174 DNA/Hae III Mackers

Tug buffer

Taq polymerase

PCR amplification machines

MCC/340 ELISA plaie reader

Ultraspectrophotometer 4050

MPFE-2A fluorescent spectrophotometer

MRC 600 Confocal illumination unit
altached to a Nikon Diaphot inverted
microscope
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2.2 General and Tissue Culture Solutions

Phosphate Buffered Salinc (PBS), pH 7.2

{70 mM NaCl

3.4 mM KCI

10 mM NaHPO4

2 mM KH2PO4

Adjust to pH 7.2 with H2S04

HE bufler

20 mM HEPES; pH 7.4

1.5 mM EDTA

10% glycerol

ETN Buifer

10 mM Tris-HCL; pH 7.0

10 mM EDTA

100 mM NaCl




Hank’s Modified Buffer (pll 7.2)

1.3 mM CaCl2

5.4 mM KCI

0.5 mM MgClp

0.5 mM MgSQ4

1.37 mM NaCl

4 mM NaHCO3

0.4 mM Naz2HPC4.2H70.

Tris Buffer (pH 8.5)

10 M Tris-T1C]

50 mM NaCl

Glycine Bulfer (pH 10.5)

0.1 M glycine

0.1 M NaCl

Triton X-100 Solution

1% (v/v) Triton X-100 in Tris-bufter
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Yersene

125 mM NaCl

2.7 mM KCl

6.3 mM NazHPO4

3.2 mM KH2PO4q

0.5 mM EDTA

0.0015% (w/v) phenol red

Trypsin-Versene

40 mls Versene

10 mls 0.25% (w/v) trypsin ;
Cell Freezing Medium

0% (v/v) FCS

10% (v/v) dimethyl sulphoxide

Dextran Couated Charcoal

0.5% (wiv} sieved, prewashed charcoal 0.005% (w/v) dextran; suspended in

[IE buffer and stirred continuously for 30 minufes at room tempcerature.
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Dialyseit Heat-Inactivated Dextran-Coated Charcoal Stripped Ietal Calf
Serum (DHIDCCFCS)

100 ml of FCS was dialysed against four 1 litre changes of Hank's modificd
buffer over 48 hours at 49C, The scrum was then heat inactivated by
incubating at 56°C for 45 minutes. The serum was then cooled and a pellet of
dextran coated charcoal (derived from 12.5ml of solution. See 2.2.7) was
added and this mixture was stirred at 4°C for 3G minutes before centrifuging at
16,000 rpm for 30 minutes at 4°C to pellet the charcoal. Subscquently, the

supernatant was filter sterilised through a 0.2 mm filter.

Experimental Medium (MCEF-7 und MDA-MB-231 Cells)

RPMT-1640 with L-glutarmate, without phenol red and sodium bicarbonate.
This was prepared from powdered stock with the addition of 23.8 miM sodium

bicarbonate and 25 mM TIIEPES. pll was adjusted to 7.2-7.4

Routine Sub-Culture Mediuim for MCF-7 and MDA-MB-231 Ceils.

RPMI-1640 medium supplemented with L-glutamine and 25 mM HEPES: pH
7.4, 10% fetal calf scrum. This was further supplemented if required with

penjcillin (100 units/ml) and sueptomyein (50 mg/ml) .

Solutions for SDS-PAGE Elcctrophoresis

Protein Sample Buffer (2X)

60 aM Tris-HCI; pil 6.8
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26 (wiv) SDS

10% glycerol

100 mM dithiothretol

0.05% (w/v) bromophencl blue

Electrophoxcsis Running Buifer

25 mM Tris-HCL: pH 8.3

192 mM glycine

0.1% (w/v) SDS

Coomassie Blue Stain

0.25% (w/v) Coomassie Brilliant Blue R-250

40% (v/v) methanol

109 (v/v) glacial acelic acid

Lysis Buffer

1% Triton-X 100 in Tris buffered saline (TBS); pH 8.5
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Solutions and Buffers for TLISA

Coating Buffer pI 9.6

15 mM NaC03

35 mM NaHCO3

Phosphate Buffered Saline (PBS); pH 7.4

i4 mM NaCl

2.7 mM KCi

.5 mM KHoPO4

8.1mM Na2HPO4

Blocking Buffer

1% BSA in PBS

Washing Bufter

0.1% Tween-20 in PRS

Dilation Buffer

1% BSA in washing bufler
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Colour Buffer; plX 3.0

76 mM NalloPO4.H20
35 mM citric acid
Substrate Solution
4 mg OPD + 10 pl 30% H2072 in 11 mi colour buffer

Antibodies for ELISA

Coating Ab

Sheep anti chicken: SO2; # 91/99 ’
Catching Ab
Chicken anti uPA; chrm # 93/100

Chicken anti PAI-; chrm # 94/101

Chicken anti tPA; chrm # 95/102
Tagging Ab ,t
Rabbit ant uPA; chrm # 96/103
Rabbit anti PAI-1; chom # 97/104
Rabbit anti tPA; chrm 98/105
Detecting Ab

Goat anti Rabbit/Peroxidase conjugate;
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2.3 Cell Culture Methods

2.3.1 Cell Lines

'I'wo breast cancer cell lines, namely MCF-7 and MDA-MB-231, used for
these studies were obtained from the European Collection of Animal Cel]

Cultures (Porton Down, Sailsbury, UK).

The MCF-7 cell line was derived from a pleural effusion from a 69 year old
woman. The line has been characterised as being oestrogen receptor positive
and so is responsive to steroid hormones. [ exhibits some of the
characteristics of differentiated mammary epithelium including oestrogen

metabolism,

The MDA-MB-231 cell line was also generated from a pleural effusion and 15
ocstrogen receptor negative and therefore is nol responsive to steroid

hormones.

2.3.2 Maintenance of Cell Lines
Subculture Technigues

All cclls were routinely grown in a 37°C incubator with atmospheric air
enriched with 5% CO7. Experimental plates and dishes were grown in a
humid ¢avironment o prevent media evaporation. Flasks ol various surface
areas were used depending on the mass of the cells required: 25cm?
containing Sml of medimmn, 75cme containing 10 ml of medium and 150cm?
containing 235ml of medium. Fresh culture media were generally renewed
every 48 hours. All manipulations were performed aseptically within the

confines of a clean laminar airflow.
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All the solutions were prewarmed o 37°C prior to use. Cells were passaged
when the surface area was about 80-90% confluent. The medium was decanted
asepticully and the cellular monelayer washed twice with approximately 5 mls
of sterilc PBS. Subsequently, .05% (rypsin, prepared in & Versene solution,
was added to each flask (Im| for a 25cm?2 flask; 3ml for a 7Scm? flask, and
Sml for a 150cm2 flask). The flasks were incubated at 37°C for 2-3 minutes,
then checked under the microscope to make sure that the cells were rounded.
This was followed by removing most of the trypsin-Versene and the flasks
incubated for a further 2-3 minutes to allow the cells (o detach completely.
Trypsin was neutralised by adding fresh culture medium {2-3 volumes) and
the cells evenly dispersed by rapid pipetting. This suspension was then
dispensed into new culture flasks containing appropriate amounts of fresh
growth medium. For routine subculturing the cells were split in a ratio of [:3.
To plate cells for experiments the above procedure was modified slightly as
follows. The cells were trypsinised and resuspended as described previously
and counted using a haemocytometer. Alter making appropriate dilutions to
obtain the desired cell deansity the cell suspension was plated on dilferent
experimental plates. For instance, 2 ml of the required dilution was plated n
6-well plate, {ml per well for a 24-well plate and 200ut per well for a 96-well

plate.

2.3.3 Mycoplasma Testing

Cell lines were routinely screened for the presence of contaminating
mycoplasma because it causes serious intraccliular infection which results in
aberrant cell growth. In order (o scrcen for this infection, which cannot be
detected with the naked eye, the cells were fixed and stained with a fluorescent

dye. This invelved growing cells on a sterile coverslip or a glass slide under
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stundard tissue culture conditions. The cclils were allowed to reach
approximately 50-60% contluence and the yedium was aspirated aud the cells
washed with three changes of PBS. The cells were then fixed with freshly
prepared Carnitov's [ixative (75% methanol; 25% glacial acetic acid for 5
minutes). After air drving, the cells were stained with a [0Ong/mi solution of
Hoechst 33258 and left for 15-20 minutes al rooin temperature. After washing
the cells thrice with PBS, the cover slips or slides were inverted onto a drop of
mounting fluid (90% glycerol; 10% PBS). The cclls were viewed under a
fluorescent microscope tor visual cvidence of any infection. Prescnce of
mycoplasma was indicated by the presence of extranuclear DNA which
stained with the dyc. Any contaminated cell line was destroyed and new
stocks from the negative test date were retricved from the frozen stock or new

stocks were ordered from the European Animal Cell Culture Collection.

2.3.4 Cryopreservation of Cell Lines

Frozen stocks of cells were prepared while the cell line was still at the early
passage number. This meant that all the cells used in experiments were of 4
similar passage number, To keep the stock of same passage number going new
stocks were grown cvery few months from the frozen stocks. In order to
prepare frozen stocks, the cells were grown in 150cm?2 flasks in RPMT-1640
(routine culture medium) supplemented with 10% FCS until they were
approximately 80-90% confluent. Ceils were (rypsinised and resuspended as
described previously, and the ccll suspension was transferred to a sterile
Universal container and centrifuged for 3-4 minutes at 300rpm. The
supernatant was aspirated and the pellet resuspended in a Ireshly prepared
solution of 10% DMSO in FCS. Aliquots of Iml were then trunsferred to
sterile Cryo tubes. These were initially slowly frozen al -700C in a polystyrene

box overnight bul once frozen were transferred to liquid nitrogen vats,




Materials and Methods 79

2.3.5 Rejuvenation of Frozen Cells

To rcjuvenate cells, the frozen vials were removed from the liquid nitrogen
and thawed rapidly in a waterbath at 379C. The vials were removed allowing
few ice crystals to remnain in order to minimise the cytotoxic action of DMSO.
The vials were sterilised by spraying then with some 70% ethanol and the
seini-frozen cell suspension was transferred to a Universal container to which
10ml routine medium had been added. This was centrifuged {or 5 minutes at
500cpm. The supernatant was discarded and the pellet resuspended in
approximately 10 ml of prewarmed mediunt. Subsequently, the cells were
transferred (o a new tissue culture flask (25cm2 or 75¢m?2 ) containing
medium. The flasks were then incubated in a 379C incubator. The medium

was replaced with {resh medium after 24 hours,

2.3.6 Determination of Cefl Number and Viability

An aliguot of the cell suspension was mixed with an equal volume of Trypan
Blue solution (0.4%) and the number and viability of the cells was determined.
This was achieved by viewing the cells under a light microscope in a
haemocytometer. The viability of cells was established as the percentage of
cells that excluded the Trypan Blue dye, thus the proportion of cells whose
membranes remained intact and appeared white under the microscope (=95
%). Where determined to be viable the cell number was culculated by using
the grid on the slide which ensured that the same area was counted lor each

determination.
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2.4 Colorimetric Assays for Quantitation of Cell Number
241 MTL Assay

Cellular proliferation and viability was determined by MTT (3-(4, 5-
dimethylthiazol-2-y1)-2,5-diphenyltetrazolivmbromide) which is a yellow
water soluble tetrazolium salt which is reduced by the hydrogenase enzymes
in viable cells into an insoluble purple formazan product. This was dissolved
in dimethylsulphoxide and the absorbance read at 540nm. The assay was
carried out by subculturing cells followed by the addition of 50ul of MTT
{Smg/ml iz PBS) into each well. The plates were wrapped in an aluminium
foil and incubated for 4 hours at 37°C in a humidified cnvironment. Afler
incubation with MTT, the medium was replaced by 200Ul of DMSO in order
to dissolve the MTT-formazan crystals. Finaily 25ul of glycine buffer was
added to each well and the absorbance read at 540nm immediately using a

plate reader. One column was used as a blank .
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Figure 3 Cell number versus absorbance at 54¢ nm reading in MTT

assay.

A range of numbers of cells were plated onto 96 well plaies and allowed to
attach overnight in routine medivm. Then the medium was replaced with
serum free experimental medium containing M'I'T the concentration of |
mg/ml. MTT erystals were then dissolved by adding 200 pt DMSQO after 4 h
incubation. Absorbence was read at 540nm, subsequently adding the glycine
buffer, in the plate reader. These data are the mean values of three separate

cxperiments.
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2.4.2 XTT Assay

This assay was used instead of MTT because the XTT was more efficient. 1t
involves fewer steps than MTT and did not involve the use of irritating
chemicals, ke DMSO. This colorimetric assay was used Lo quantitate cell
proliferation and viability. The assay is based on the hydrolysis of the yellow
tetrazolium salt XTT (sodium 2’-[1-(phenylaminocarbonyl)-3,4-tetrazolivm}-
bis(4-methoxy-6-nitro) benzene sulphonic acid hydrate) to form an orange
formazan product by the action of the dehydrogenases of the viabie cells. The
formazan dye formed is soluble in aqueous solutions and is directly quantified
using a scanning multiwell spectrophotometer at 540 nm. Cells from a 60-70%
confluent flask were (rypsinised, centrifuged for 5 minutes at 1000epm and
resuspended in the medium. Subsequently, the cells were counted i a
hemocytometer and 1x 107 cells/ml were used. The cell suspension was plated
down in 96 well microtitre flat bottomed plates in a final volume of 200ul
culture mediun per well. The first column had growth medium only (o be used
as a blank. Plates were incubated for 24 hours in a hwnidified incubator at
370C. After 24 hours the medium was aspirated from the wells with a sterile
hypodermic needle attached to a suction pump and replaced with experimental
medium containing the appropriate growth factors and drugs. The plates were
then incubated from 24 to 72 hours depending on the aims of the experiment.
After the incubation petiod, 50u! of XTT prepared according to manufacturer's
instructions {final X'1'l' concentration 0.3mg/ml) was added {0 each well. The
plates were wrapped in aluminium foil and incubated for « {urther 2-8 hours
according to the need of the experiment and the absorbance of the samples

were determined at 540nm.
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2.4.3 Hoechst DNA assay

The assay methodology was modificd from that of Leake & Habib (1987), and
involves the intercalation ot Hocchst 33238 with solubilised DNA resulting a

complex which fluoresces with a maximum emission at 450 nm.

Cells were plated into 24-well plates and incubated overnight at 379C.
Following the washing with PBS, medium was replaced with experimental
medium containing steroids or growth factors, Control wells for steroids
received experimental medivm contatning ecthanol 0.1% (v/v). Alter
appropriate incubation time cell monolfayers were harvested and the DNA was
solubilised using (.2% SDS in ETIN buffer for 30 min at 37°C. 100 ul aliquots
of samples were added into plastic test tubes containing 3ml ETN buffer,
Hoechst 33258 (100ng/ml) and RNase (Spg/ml). The mixture was vortexed
and incubated in the dark [or 30 min at room temperature, The fluorescence
enhancement at 450nm was mceasured using the fluorescent spectrophotometer

with an excitation wavelength of 360nu.

DNA standards were preparcd from a 100 ug/ml solution of calf thymus DNA
dissolved in ETN buffer. The standards were used in the range of 0-60Lg/mi
DNA. The concentration of DNA present in the samples was extrapotated
from a calibration curve which is obtained [romn the standards. A correlarion
between the tolal cellular DNA count and absorbance reading at 540nm

(A540), using MTT assay, is shown in (Fig 4).
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reading in MTT assay.

MTT readings of the increasing nomber of cells were obtained as described in
Fig 3. The same number of cclis were plated into 24-well plates and lelt
overnight for attachment. Cell culture monolayers then were harvested and
DNA was solubilised vsing 0.2% SDS in ETN buffer. 100pi aliquots of
samples were added into RT-30 tubes containing 3 mi ETN buffer, Hoechst
33258 (100ng/ml), RNase (Spg/ml). The mixlure was vortexed and incubated
in the dark for 30 min. at room temperaturc. The fluorescence enhancement at
450nm was measwred with an excitation wavelength of 360nm. These data are

the mean values of three separate cxperiments.
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2.4.5 Protein Determination

Protein was routinely mcasured by the method of Bradlord ({976) with bovine
serum aibumin (BSA) as a standard. Standard curve was constructed using Q-

20 g range of hovine serum albumin. The standard and unknown protein

solutions were made up to a volume of 800 (i with distilled water before the

addition of 200 ul of Bradford rcagent and the lubes were vortexed.

Absorbance was determined al 595 nm using a LKB Biochrom uitra
spectrophotometer. Unknown concentrations were determined by plotting the
standard curve (x axis = mg/ml of protein concentration, y axis = A595) (Fig

5).




Materials and Methods 86

1.25
] =
(.75 —
el
C‘\
uy
«
0.5 ~
0.25 -
y = 0.052x - 0.007 2 =0.097
01 T T T 3 1
© ° 2 “ 3 =
BSA mg/mi

Figure 5. Standard curve for a Bradford protein assay

The samples for the standard curve were prepared as described in section
2.4.5. Bovine serum albumin concentrations of 0-20ug/ml were used as
indicated and the absorbance was rcad at 395nm. The blank without protein
was used to zero the spectrophotometer. The assays were carried out in
duplicate. This is a representative experiment which has been carried oul at

fcast twenty times.
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2.5 SDS-Polyacrylamide Gel Electrophoresis

Separation of proteins by SDS-discontinuous polyacrylamide gel
electrophoresis (SDS-PAGHE) was essentially as described by (Laemmli,
1970). Generally the Bio-Rad Mini-Protein IT Electrophoresis system was used
with 0.75 mm spacers and combs, A large and a small plate separated by
spacers was assciubled in the clamp assemblies in the gel casting apparatus as
directed by Bio-Rad. Depending on the molecular weight ol the proteins to be
analysed, the appropriate separating gel mix (see table 1) was prepared and
poured in between the glass plates, leaving about a 1.5 cm space at the top {or
the stacking gel. Subscquently, water-saturated butanol ([ ml) was poured on

top of the separating gel before allowing it to polymerisc.

Tuble [; Compaosition of SDS-PAGE gel mixes

Percent Gel {30 mls)

Solution Comyponents 8% 10% 12% 15%
dH»O 139 119 99 6.9
30% Acrylamide 8.0 0.0 120 5.0

[.53 M Tris-IHCL, pH 8.8 7.5 7.5 7.5 7.5

10% STOS 0.3 0.3 0.3 0.3

10% Ammonium persullatc 0.3 0.3 0.3 0.3

TEMED 15ul I5ul {5ul iSul
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Preparation of 10 ml of a 5% stacking gel (5%) was carried out by mixing the

following:
dH20O 6.8 ml
30% acrylamide 1.7 ml
1.0 M Tris-HCI; pH 6.8 125 ml
10% SDS 0.1 ml
10% Ammonium persulfate 0.1 mj
TEMED 10 i

For both separating and stacking gels, all reagenls ¢xcept ammonium
persulfate (APS) and TEMED were combined and the monomer solution
degassed under vacuum for 5 minutes followed by (he addition of APS and

TEMED to initiate polymerisation,

After washing the butanol away with dH20, the stacking gel was poured and
the comb put mto position. The comb was removed, gel assembled into the
¢lectrophoresis apparatus and the reservoirs filled with protein running bulfer
(0.192 M glycine, 25 mM Tris, and 0.1% SDS). Protein samples were boiled
in an equal volume of Laemmli sample buffer (containing 0.062 M Tris-HCl;
pH 6.8, 2% (w/v) SDS, 10% (w/v) sucrose, and 10 mM DTT) for 3 minutes
belore loading onto the gel. Samples and standards (20-30 ml per well) were
loaded into the wells with a microsyringe (Hamilton). Electrophoresis was
carried out at 4 constant voltage of 200 Volts using a power supply (Biorad;
Model 200/2.0) unti! the bromophenol blue tracker dye reached the boltom of

the gel. The gel was then removed and either electroblotted onto a
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nitrocellulose membrane for Western blotting or dircetly stained with

Coomuassie blue.

2.5.1 Staining and Destaining Gels

Staining was carried for 1 hour at room temperalure using 0.1% (w/v)
Coomassie Brilliant Blue dissolved in 10% (v/v) acetic acid, 40% {v/v)
methanol. Gels were destained by washing several times with gentle stirring

between 2-3 hours or overnight in 20% {(v/v) inethanol, 10% (v/v) acetic acid.

2.6 Western Blotting and Immunological Betection of Specific

Proteins by Enhanced Chemiluminescence (EECL)

Following separation by gel electrophoresis, proteins were clectrophoretically
transferred onto Hybond-C nitrocellulose paper (Amersham) in Lthe presence of
a buffer containing 25mM Tris-HCI; pH 8.3, 192mM glycine, 0.02% (w/v)
SDS and 20% (v/v) methanel as described by Towbin ¢f ¢f.. (1979) and
Batteiger ef al.. (1982). This was carried out in a BioRad Trans-Blot cell either
at 10mA overnight or at 250mA for 1.5 hours. The nitrocellulose was briefly
stained with Ponceau S solution which allowed visualisation of transferred
protein bands. The membrane wus washed free ol (his stain with distilled
water and subsequently blocked by immersing it for 1-Z hours on a rotatory
shaker in a solution containing TBS (20mM Tris-HCI; pH 7.2, 15mM NaCl,
5% (wiv) non-fat dried milk and 0.2% Tween- 20 (v/v). Excess blocking
reagent was then washed with TBS, containing 20mM Tris-HCIL: pH 7.2,
1SmM NaCl and 1% (w/v) non-fat dried milk. Washing wax carried oul twice
briefly, once for 15 minutes and then twice for 5 nunutes using 200 rl of

wagh buffer each time. The membrane was then incubated for [-2 hours at
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room temperature or overnight al 49C in a 100ml solution containing 20mv
Tris-HCL;, pH 7.2, 1% (wiv) Inon—-[‘at dried milk, 0.1% (v/v) Tween-20 and the
approprinlé dilution of the primary antibody. The membrane was washed
again as detailed above and incubated for 2 hours at room temperature with a
1:1000 dilution of horseradish peroxidase conjugated secondary antibody.
This was carried out in approximately 10ml of buffer containing 20mM Tris-
HCI; pH 7.2, 130mM NaCl and 1% (w/v) non-fal dried miik. In order to keep
the volumes of the antibody solutions as small as possible, incubation was
sometimes carried out in a sealed bag. Following incubarion in secondary
antibody the membyane was given three, 30 min washes in wash bulfer and
one 30 min wash with a boffer containing 20mM Tris-HCI; pH 7.2 and
150mM NaCl. The detection steps were carried out in a dark roem following
the protocol outlined in the BCL kit mannal. Exposure limes were lypically 15

seconds 1o Tmin.

2.7 Enzyme-Liunked Immunosorbent Assay (ELISA)
Assay Principle

Four-span ELISA is an enzyme linked immunoassay for the determination of
human uPA, PAI-1 and tPA in monolayer cultwes and tissue extracts, The
method was devcloped by Grebenshikov ef al.. (1997). The assay detects

latent, active and complexed forms of uPA, PAI-1 and tPA.

Aniibodies (Aly)

The four-span ELISA comprised four antibodies and a substrate: sheep anti-
chicken as the coating antibody (1st Ab), chicken anti-analyte as the catching

antibody (2Znd Ab), rabbit anti-analyte as the tagging antibody (3rd Ab) and
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goat anti-rabbit conjugated horscradish peroxide (HRP) as the detecting

antibody (4th Ab).

2.7.1 Sample Preparatiion
nPA or PAi-1 Extraction from Human Cell Lines

Cells were grown in 23 cm? flasks in routine culture mediom RPMI-1640,
10% FCS and incubated at 37°C in a humidified incubator for 24 hours. The
medium was then replaced by experimental medium with or without growth
factors and steraid hormones and further incubated, For time course studies,
from 48 and 72 hours. At the end of each time point the medium was collected
and snap frozen until assay at -70°C. The cells were then washed with PBS.
Subsequently, 1ml of [% Triton X-100 in TBS was added to the cells and
incubated for 2-4 hours at 4°C with constant stirring. The ceil suspension was
then centrifuged at 103,000rpm for 60 minutes at 4°C to pellet cell membranes
and other debris, The supernatant was coflected and the total protein
quantitated using the (Bradford, 1976) protein assay. The supernatant was
aliguoted into 200 ul portions and stored at -/0°C. For immediate use the
samples were diluted 1:100 for PAI-1, and 1:50 for uPA for MDA-MB-231

cell line. MCE-7 cell line was used without further dilution,

2.7.2 Assay Procedure

The 96-well muicrolitre plate was coated using 100pl of the coating antibody
(dilution 300-fold) per well and incubated overnight at 4°C. After 24 hours the
plates were washed for 5 minutes, 4 times in a washing buffer (PBS+ .I%
Tween-20) and were blocked at 37°C for 2 hours with blocking buffer (PBS+

1% Tween-20+ 1% BSA). The platcs were again washed with washing buffer
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as before. Standards were prepared in a range of 0.1-Jng/ml in a dilution
buffer. Where required, samples were diluled and 100l of the
standard/control and samples were added to cach well and incubated overnight
at 4°C. All measurements were performed in duplicate, After washing four
times with washing buffer, the calching antibody was diluted (600-fold uPA
and 475-fold PAI-1). 100ul per well each was added and incubated ai room
temperature for 2 hours. The plates were then washed as before with washing
buffer to remove any unbound antibody and incubated further with
biotinylated tagged antibody diluted (300X uPA and 150X PAIL-1). 100 pl per
well and incubatcd al ambienl temperature for 2 hours. The plates werc
washed four times and incubated with the freshly preparcd substrate OPD (0-
phenylenedianmine) and HyOp wrapped in an aluminium foij and incubated in
the dack for 30 minutes. The enzymatic reaction was stopped by adding 50 ul
of | M H2SQ4. Yellow colour was developed and the absorbance read at a
wavelength of 492 nm in an ELISA plate reader. "I'he background average of
the blanks was deducted from the standard and sample readings. The standard
curve was coastructed from the standards and the values of the unknown

samples determined (Fig 6).

The sample values were multiplied by the dilution factor in the assay and
divided by the protein concentration (mg/ml) of the cell extracts o convert

ng/ml values of uPA/PAI-1 to ng uPA/PAI-1/ mg protein.
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Figure 6. Standurd curve for an ELISA assay

The samples (or the standard curve were prepared as described in section
2.7.1. Pro-uPA concentrations of 0-1.8 ng/ml were used as indicated and the
absarbance was read at 492 nm (A492). The blank well {without uPA) was
used (o zero the plate reader, The assays were carried out in duplicate. This is

a representative experiment which has been carried out at least twenty times.




Matcrials and Methods 94

2.8 Enzyme Activity Assay
Plasminogen Activator Assay

The cells were plated at a density of 5x104 cells per well in a 6-well plate with
growth medium containing 10% fetal calf serum in it. After a 24 hour
incubation time the cultures were washed twice with PBS and incubated for an
additional period of 8-10 hours with experimentai medium supplemented with
2.5% FCS. This medium was then replaced with control medium or mediam
supplemented with treatments and the plates incubated for further 48 and 72
hours. At cach time point conditioned medium (CM) was collected and the
cells were lysed with 1ml of 1% Triton X-160 for 2 houwrs al 4°C. The
supernatant (SN) was collected after centrifugation at [000 rpm for 30
minutes, Both CM and SN were snap frozen and stored at -70°C until assayed

for uPA activity.

The activity of the samples was determined using the chromogenic substrate
(or urokinase pyro-Glu-Gly-Arg-pNA (5-2444, Kabi, Stockholm, Sweeden).
30ul of the standard or sample was incubated with 120 ml of the bulfer
containing 110pl of 10mM Tris-HCL; pH 7.5. [Opl of 1.5mg/m! of the
substrate S-2444 and 1.5l of plasminogen 10 U/ml. All the incubations were
performed at 37°C in microtitre plates for 2 hours. The activity was measured
with a Titertek Multiscan spectrophotometer (Flow Laboratories). Activity
expressed as the change in the absorbance at 405 nm. Urokinase (UK) activity

was obtained by comparison with the WHO International standard for UK.
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Figure 7. Standard curve for an uPA enzyme activity assay

The samples for the standard curve were prepared as described in section 2.8.
Active-uPA concentrations of 0-20pg/ml were used as indicated and the
absorbance was read at 403nm. The blank well (without uPA) was used o
zero the plate reader. The assays were carried out in duplicate. This is a

representative experiment which has been carricd out at least len times.

The chromogenic substrate S-2444 was changed o a more specific substrate
§-2251 (Quadratech } Smg/ml for urokinase. Because of the sensitivity of the
assay the amount of the standard/ sample and the substrate was reduced (o
10u] and 4l respectively. while the assay buffer mix was increased from

20ul to 190ul. All the other measurement steps in the assay performed were

the same as described above
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2.9 Invasion Assays
Principle of the Assay

An in vitro invasion assay was carried out (o quantify the invasive potential of
tumour cells after different treatments. In this assay filter membranes were
used to support the artificial basement membrane and 10 discriminate between

cells that have traversed from those which have not.

2.9.1 Cell Harvest for Invasion Experiments

Cells were harvested from 70-80% confluent culture flasks with 0.02% EDTA,

counted and resuspended in experimental mediom, and seeded in the upper
chamber onto the lower side of the membrane of Boyden blind-well apparatus

for 6 to 8 hours at 37°C in 5% CQO2 in air (Fig ).

R
Transwell — g
Upper compartmeant
sstCEl e/ Culture radium
Filter e Matrigel
.._f_:-_-’_-i‘_?;f_-”;_mwer- compartmant

Figure.8 Schematic description of i vitro invasion assay.

Tor experimental details see section 2.9.3.
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2.9.2 Invasion Assay Procedure

The Boyden blind-well chamber invasion assay was performed, as described
by {Albini et al., 1986). Transwell chambers (Costar) with 6.5mm diameter,
8um pore size polycarbonate filters were pre-coated with matrigel for the
invasion assays. Each 24-well plate contains 12 removable inserts having the
carbonate filter and a corresponding lower well. Twelve separate wells without
inserts could be used for positioning the inserts during experimental

maripulations.

Each filter was coated with 80ui of matrige! diluted to a final concentration of
Img/m] in experimental serum frec RPMI 1640 medium to form a continucus
barrier on top of the filter. The filter was left at 37°C for an hour to allow an
even gel layer to form on the filter. The lower Boyden blind well chamber was
filled with either 780pl experimental medium or where indicated an
experimental medium plus 2-5 mg/ml matrige! was used. Filters coated on the
upper side with matrigel were placed in the chamber and 5 x 105 cells/ml
resuspended in the experimental medivm. 100Ul out of this stock was placed
on top of the malrigel layer and incubated at 37°C in 5% CO? in air. After 72
hours the percentage of invading cells was determined as described below. All

cxperiments were performed in duplicate.

2.9.3 Evaluation of Invasion Using the M'I'T" Assay

The viability testing MTT assay was used (0 mcasurc quantitatively the
proportion of invasive cells. 200ul cxperimental medium either alone {control)
or with treatments were added into the chamber. The cells were incubated for

three days. After 72h, 5 mg/m! of the vital stain MTT in PBS (filter steriliscd)
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was added mto both upper (100 ul of volume) and lower compartmenis
(200u]) and incubated for 3 hours at 37°C. At the end of the incubation period
medinm was gently aspirated from the upper chambers. The upper chambers
were removed and the filters confaining the cells, were ransferred to a 24-well
culture plate. Subsequently, after aspiration ol the MTT medium cells which
had not traversed the filter and remained on the top or in the layer of matrige!
were removed together with the matrigel with a cotton swab. The cotton swah
and the remaining filter-containing cells which had traversed to the lower side
of the filter were placed in separate wells of a 24-well culture plate. To release
the formazan [rom the cells , 80O DMSO was added (o cach well and the
plates were gently shaken for 5 minutes, 200ul glycine buffer was then added
per well and absorbance at 540nm was read immediately thereafter in a

spectraphotometer.

Assessment of Invasive Capacity of Cells

The percentage of cells capable of traversing through the matrigel layer and
attaching to the lower side of the filter was expressed as a percentage of the
total number of cells present following the 72 hours incubation period in an

experimental medium:

% Invusion = Nuinber of cells altached to the lower side of the filter (AS40) /
total nuinber of cells, i.e. sum of cells attached to the lower filter side and cells

still present in the matrigel (A540) x 100%.
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2.9.4 Evaluation of Invasion by Confocal Microscopy

Approximately 5x10° cells/m! were prepared from the stock and 100ul of this
dilution was plated on the bottom of the filter and placed in a humidified
incubator at 37°C for 4-5 hours in order to attach the cells to the filter. The
inserts were then inverted upside down and 200ul of the respective drug was
prepared in the experimental medium and added on tap of the filter which acts
as a chemoattractant. Then, 75011 of the experimental medium was added in
the well and the plate incubated for 5 days at 37°C in a humidified incubator

to prevent the medium from evaporation.

Fixation of the Cells

The inserts from the wells were removed and washed four tmes with sterile
PBS (5 minutes per wash). The cells were then fixed with methanol (100% or
70% ) for 20 minutes at room temperature. After washing four times with PBS
the cells were stained with propidium iodide-50ul per insert (5 mg/ml). 1:1000
dilution was used to stain the cells for 30 minutes al room lemperature in the
dark. After thorough washing with PBS the cells were read under conlocal
microscope (Confocal Bio-Rad illumination unit attached 1o a Nikon diaphot

inverted Microscope).

2,106 Immunofluorescence

Having been seeded at a cell density of 2x10% cells per well, cells were plated
down overnight into 8-well glass slide/tissue culture vessels. Following this
the wells were aspirated and washed three times with PBS and 300ul of

RPMI-1640 with 2.5% DHIDCCEFCS +/- growth factors or hormones were
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then added to the wells, After 48 howrs the wells were aspiraled and washed

twice with PBS.

The cells were [ixed by the addition of 200ul acetone:methanol (1:1) at -20°C
per well for 5 minutes and allowed o air dry. Slides were blocked by
incubaling with norinal goat secrum (NGS) (1/5 dilution in TBS buffer) for 15
min. After that, NGS was removed and the wells were treated with primary
mouse monoclonal antibody (200 well) ulPA/PAL-L (1:50 in PBS + 1% BSA
)} added. The wells were then incubated for 1 hour at room temperature in a
humidified chamber. The slides were then washed three times with PBS.
Fluorescent labelled goat antimouse 1gG (200Ul/well) 1:50 in dilution bulfer
(PBS + 1% BSA) was then added and incubated for one hour as betare.
Following incubation the wells were washed three times with PBS and then
mounted with DPX mountant and immunofluorescence examined using a

fluorescent microscope (Leitz).

2.11 RNA Isolation

Total RNA was isolated using the Ultrasoec-1T RNA Tsolation System
(Bioteex) according to manufacturers' instructions, Essentially, cells were
pelieted and resuspended in three volumes of lysis buffer {provided i the kit).
This mixture was left on ice for five minutes to allow complete dissociation of
nucleoprotein complexes. Subsequently, 0.2 volumes of chloroform were
added and the mixture vortexed vigorously for 15 seconds and left on ice for 5
minutes. After centrifugation at 14,000 rpms at 4°C for 15 minutes 4/5th
volume of the agueous phase was transferred Lo a (resh lube and to this 0.5
volume of isopropanol and 0.05 volume RNATack Resin was added and the
mixture was vortexed for 30 seconds. The lube was then centrifuged for 1

minute and the supernatant was discarded. The pellet was washed twice with |
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ml 75% ethanol by vortexing and spinning for about 30 seconds. The pellet
was dried in vacuo. To elute RNA 0.1 volume of DEPC treated water was
added to the dried pellet and the mixture vortexed for 30 scconds and
centrifuged for | minute. The supernatant containing total RNA was collected

and stored at -70°C.




Matcrials and Methods 102

2.11.1 Reverse Transcriptasc-Polymerase Chain Reaction

For the synthesis ol ¢cDNA, 10ug of total RNA was used and 50ng of the
appropriate reverse oligonucleotide (for oligonucleotide sequences see below)
anncaled in a [9.25u] reaction consisting ol AMV reaction bulfer for 30
minutes al 42°C. This was followed by the addition of .51 of 20mM dNTPs
and 0.25ul (5 vnits) of avian myeloblastosis virus (AMV)-reverse transcriptase
(Bochringer Mannbeim) and the reaction was incubated for 30 minutes at

42°C.

From the 20utl, SpUk were used in a polymerase chain reaction (100Ul total
volume) which contained 500ng of each of the oligonucleotides, 0.2mM
dNTPs, 10p] 10X reaction buffer and 0.25ul (1U) Taq DNA polymerase
(Boehringer Mannheim). PCR was carried out on & Perkin Elmer thermocycler
using the following program: 94°C 4 minutes (one cycle); 94°C 2 minutes,
55°C 1 minute, and 72°C I minute (30 cycles);, 72°C 5 minutes (one cycle).
DNA sequence of the respective pairs of oligonucleotides for the amplification

of tPA, uPAR, PAI-1 and actin cDNAs were as following:

uPA: 5 - AGAATTCACCACCATCGAGA - 3' {TForward)

5 - ATCAGCTTCACAACAGTCAT - 3" (Reverse)

PAI-1 5 - ATGGGATTCAAGATTGATGA - 3' (I'orward)

5' - TCAGTATAGTTGAACTTGTT - 3' (Reverse)

MR
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uPAR 5' - TTACCTCGAATGCATTTCCT - 3' (Forward)

5"-TTGCACAGCCTCTTACCATA - 3" (Reverse)

3-Actin 5'- TTGAAGGTAGTTTCGTGGAT - 3' {(Forward)

5' - GAAAATCTGGCACCACACCTT - 3' (Reverse)

DNA Cloning

Tn order to unequivocaily establish the identity of the obtained PCR products
with the four different scts of primers the four fragments were cloned into the
vector pGEM-T Easy (Promega). This was carried out by ligaling each of the

[ragments and 50 ng of the vector in a 10 pl reaction as follows:

11l PCR TFragment (=100 ng)

Il pGEM-T Lasy(50 ng)

1l 10x Ligase Bufter

6Ll dHRO

11ti T4 DNA Ligase (Bochringer Mannheim; 5 units)

The reaction was incubated at 15°C overnight, For bacterial transformation,

100ul of CaCl2 competent E. coli sirain XL1-Blue (Stratagene) was added to

the ligation reaction and the mixtire left in ice-water for 20 minutes.

Subsequently, the tube was transferred to a 42°C waterbath for 2 minutes (in

1
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order to induce heat shock) prior to plating the whole reaction mixture on a
prewarmed LB/ampicillin plate. Plates were left over night in a 37°C

incubator.

In order to characterise the clounes, bacterial colonies {rom the plates were
picked and grown in 3 mlis of liquid culture in the presence of ampictllin.
Plasmid DNA from the turbid cultures was isolated hy the alkaline [ysis
method using the Qiagen miniprep kit. Recombinant clones were identified by
digesting approximately 500ng of plasmid DNA with the restriction
endonuciease EcoRI and electrophoresing the products on a [.2% agarose gel

prepared and run in Tris-acetate EDTA buffer (TAE)

DNA Sequencing

Recombinant plasmids were sequenced with Sequenase (USB) using the T7
primer. Five micrograms of plasmid DNA was denatured at room teinperature
for 5 minutes in a 20pl reaction containing 200mM NaOH. Subsequently, 4
of 10M ammonium acetate together with [Q0Ul ice-cold 95% ethanol was
added and the mixturc left on ice for 10 minutes. The precipilate was
harvested by centrifugation at 14,000 rpm for 10 minutes and rhe supernatant
discarded. The pcllet was washed with 0.5 ml of 75% ethanol and then dried in
vacuo. Annealing of the primer to the template, labelling and termination
reactions were carried out according {o the manufacturer's instructions. The
reactions were heat denatured prior to loading on a 6% sequencing gel. Once
the bromophenol blue dye had run off, the gel was fixed for 10 minutes in a |
litre solution containing 10% methanol and 10% glacial acctic acid prior to
drying. ‘I'he dried gel was then exposed lo autoradiographic film (Fuji) and

deveioped after 12- 15 hours.
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2.12 Statistical Analysis

Data from individual experiments are expressed as (he mean % standard
deviation (SD) and data pooled from af least two cxperiments, each performed
in duplicate, To test for differences between groups, the student's t-rest was
used, with p< 0.001 considered as statistically very significant. The student t-

test was performed using Macintosh computer programme "instat”.




CHAPTER 3
RESULTS
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Regulation of The Growth of MCE-7 and MDA-MB-231 Cell Lines

Background

The ultimate focus of this work was to study the invasive potential of two cell
lines, MDA-MB-231 and MCF-7, the former hormone insensitive and the
fatter ocstrogen sensitive, in response to various growth factors and steroid
hormones. As a first step therefore, it was impcrative Lo observe how these
growth factors and hormones effected the proliferative behaviour of the two
cell lines. The growth factors and hormones used in this study were, EGF,
TGFo, TGFB, progesterone, tamoxifen and ocstrogen. These were each used
at five different concentrations with each of the two cell lines. Subsequently,
the effects of these exogenously added compounds were monitored by
connting cells after 24, 48 and 72 hours. Charcoal stripped scrum was used for

these studies to estimate the effects of (most) serum growth factors.

The roles af the growth factors EGE, TGFa, and TGFf in breast cancer In
vitro invasion remains controversial, The following experiments addressed

this question.

The growth and function of epithelia in tissue culture are significantly
influenced by the nature of subsiratum. To our knowledge this is the first
comparison of the rate of proliferation on plastic with that on a matrigel [rom
mous¢ sarcoma, which s a complex mixture of extraceliular proteins

including type-IV collagen, laminin, fibronectin and glycosaminoglycans.
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3.1 PROLIFERATION

3.1.1 Transforming Growth Factor v (TGFo)

TGFw, a stimulatory growth factor that mediates its effect via the epidermal
growth factor receptor (EGFR), was tesied on cell growth for both MDA-MB-
231 and MCF-7 cells. Different concentrations of TGFo. were used in this
study, ranging from 0.1-10 ng/ml. This dose range was selected since previous
experiments in our laboratory had shown that this range covered both subtle
and maximum growth stimulation. To asccrtain the optimum mitogenic
concentrations the MTT/XTT assay was employed. It was found that exposure
of low doses (i.e. 0.1 ng/ml) of TGFax, resulted in a slight reduction of
proliferation after 24, 48 and 72 hours for the MDA cell line on EHS (Fig 9).
LHS is a matrigel derived from BEngelbreth-[Tolm-Swarm murine tumour.
Treatment with higher doses of TGFa resulted in a gradual inercasc in
proliferation. Stimulation of growth became significant (p< 0.01) at 3.0 ng/ml
TGFa after 24 hours in comparison to the control. The MDA cell line grown
on plastic showed a similar behaviour to that which was observed when these
cells were grown on EHS in that an initial decrease in growth with lower
concentrations of TGFo was observed (Fig 10). This decrease was consistent
with time period. However, a gradual increasc in prolifcration, with increasing
dose was observed. The maximuin increase observed was about 20% with the

highest dose (10 ng/ml).

The effect of TGI'o on the growth of the MCF-7 cells grown on BHS and
plastic were also studied. With MCE-7 cells, TOFo augmented the growth rate
in a concentration and time dependent manner on EHS., Maximum growth
(50%) was observed at TGFo 1 ng/ml (Fig 11). Maximun stimulation of 75 %

at 3 ng/ml was observed after 72 hours on plastic (Fig t2}.
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Conclusions

Figurcs 9 (TIHS) and 10 (plastic) show dose response curves for MDA-MB-
231 cclls in response to TGFo. MDA growth was stimulated by TGEFor with
maximum stimulation at 3ng/mil on EHS and 10ng/ml on plastic. Lower dose

inhibited the growth at 0.1ng/ml on both EHS and plastic.

Figures 11 (EIIS) and 12 (plastic) show dosc responsce for MCEF-7 cells in
reponse to TGFa. The growth of MCY-7 cells was stimulated by TG with

maximum stimulution at lower doscs on EIS and higher doses on plastic.

This shows that growth responses of both cell lines in response to TGF.

were only slightly altcred by nature of the substratum.
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Figure ¢ Cell proliferation under varying stimulation of TGFo on EHS

in MDA-MB-231 cells.

MDA cclls (2000 per well) were plated in 96 well plates. After overnight
incubation, the rouline medium was replaced with experimental medium with
[% EDDDCS only (control) or supplemented with doses of TGFa (0.1, 0.3,
1.0, 3.0 and 10 ng/ml). After 24, 48 and 72 hours proliferation was cvaluated
by MTT as described in "materials and methods" section 2.4.1. Results are
expressed in percent of control value. *p < 0.001 and ®p < 0.05. The

experiments were performed in triplicate 8-96 wells. Resuits are mean £ SD.

Figure 10  Cell proliferation under varying stimulation of TGFo on

plastic in MDA-MB-231 cells,

MDA cells (2000 per well) were plated in 96 well plates. After overnight
incubation, the routine medium was replaced with experimental medium with
1% FDDDCS only {control) or supplemented with doses ol TGF« (0.1, 0.3,
[.0, 3.0 and [0 ng/ml). After 24, 48 and 72 hours proliferation was evaluated
by MTT as described in "materials and mcthods™ section 2.4.1. Results are
expressed in percent of control value. *p < 0.00} and ®p < 0.05. The

experiments were performed in triplicate 8-96 wells. Results are mean £ SD.
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Figure 11 Cell proliferation under varying stimulation of TGIFr on EHS

in MCI.7 cells.

MCF-7 cells (2000 per well) were plated in 96 well plates. After overnight
incubation, the routine medium was replaced with experimental medium with
1% DHIDCCFCS only (control) or supplemented with doses of TGFa (0.1,
0.3, 1.0, 3.0 and 10 ng/ml). After 24, 48 and 72 hours proliferation was
evaluated by MTT as described in "materials and methods" section 2.4.1. Data
is expressed as a percentage of the control of untreated cells. *p < 0.001 and
®p < 0.05. The experiments were performed in triplicate 8-96 wells. Results

are mean  SD.

Figure 12 Cell proliferation under varying stimulation of TGFa on

plastic in MCF-7 cells.

MCE-7 cells (2000 per well) were plated in 96 well plates. After overnight
incubation, the routine medium was replaced with experimental medium with
1% DHIDCCFCS only (control) or supplemented with doses of TGFa ((.1,
0.3, 1.0, 3.0 and [0 ng/ml). After 24, 48 and 72 hours profifcration was
evaluated by MTT as described in "materials and methods” section 2.4.1. Data
is expressed as a percentage of the control of untreated cells. *p < 0.0601 and
*» < (0.05. The experiments were performed in triplicate 8-96 wells. Results

are mean 1+ SD.
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3.1.2 Epidermal Growth Factor (EGF)

Next, treatment ol the MDA and MCF-7 cell lines with varying amounts of

EGF was studicd on cither plastic or EHS.

The effect of EGF on MDA cells, on EHS was found to be slightly inhibitory
after 48 and 72 hours, when exposed to (.63 ng/mi which lead to a 10%
decrease in growth rate (Fig 13). This agrees with the growth inhibition scen
with low doses of TGFo and the stimulation is sustained in that higher
amounts of EGF overcame this inhibition and induced gradual increase of
growth. Analysis of cells after 24 hours showed a slight increase in growth
rate which continued with the increasing concentrations. The MDA cell line
on plastic (fig 14), showed a different behaviour. A gradual increase in the
growth rate was observed with increcasing coucentrations of EGE, to about
15% (Fig 9). A further increase in the concentration of BGF resulted in a sharp
decrease in growth rate. However stimulation with EGF on plastic was short-

lived and fell after 48h or 72h.

When grown on EHS, MCFE-7 cells showed a time dependent increase in their
growth rate, which was quite drumatic aftcr 72h with 0.63 ng/ini reaching a
maximum of 58% above control (Fig 15). A gradual increase in proliferalion
was observed with increasing concenirations after 24 and 48 hours. On plastic,
MCF-7 cells exposed to .63 and 1.89 ng/ml of EGF showed a gradual
increase in proliferation at all time points reaching maximum (100%) after 48h

(Fig 16). Higher concentrations of EGF subsequently decreased proliferation.
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Conclusions

Figures 13 (EHS) and 14 (plastic) show the dose response curve for MDA
cells to EGEF. On EHS, high doses of EGF induced slight growth stimulation at

all time points, whereas, on plastic, any effect of higher dose was inhibitory.

Figures 15 (EHS) and 16 (plastic) show the dose response curve for MCF-7
cells. On both substrata EGF showed growth stimulation but the diffcrence
was that, on EHS, a dose-related increased growth was observed whilst that on

plastic was bell-shaped.

The overall results shows that the growth response to EGFE, like'l'GFo, was

slightly altered by the nature of the substratum.
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Figure 13 Cell proliferation under varying stimulation of EGF on EHS
in MDA-MB-231 cells.

MDA cells (2000 per well) were plated in 96 well plates. After overnight
incubation, the routine medium was replaced with experimental medium with
1% DHIDCCEFCS only (control) or supplemented with doses of EGF (0.63,
1.89, 6.3, 18.9 and 63 ug/ml). After 24, 48 and 72 hours proliferation was
evalvated by MTT as described in "materials and methods" section 2.4.1.
Results are expressed in percent of control value. *p < 0.001 and ®p < 0.05.
The experiments were performed in triplicate 8-96 wells. Results are mean +

SD.

Figure 14 Cell proliferation under varying stimulation of EGI on plastic

in MDA-MB-231 cells.

MDA cells {2000 per wcll) were plated in 96 well plates. After overnight
incubation, the routine medium was replaced with experimental medium with
1% DHIDCCFCS only (control) or supplemented with doses of EGE (0.03,
1.89, 6.3, 18.9 and 63 ng/ml). After 24, 48 and 72 hours proliferation was
evaluated by MTT as described in "materials and methods" section 2.4.1.
Resuits arc expressed in percent of control value, *p < 0.001 and ®p < 0.05.

The experiments were performed in triplicate 8-96 wells. Results are mean +

SD.
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Figure 15 Cell proliferation under varying stimulation of EGF on EHS

in MCF-7 cells,

MDA cells (2000 per well) were plated in 96 well plates, After overnight
incubation, the routine mediwun was replaced with experimental medium with
1% DHIDCCECS only {control) or supplemented with doses of EGIF (0.63,
[.89, 6.3, 18.9 and 63 ng/ml). After 24, 48 and 72 hours proliferation was
evaluated by MTT as described in "materials and methods” section 2.4.1.
Results are expressed in percent of control value. *p < 0.001 and %p < 0.05.
The experiments were performed in triplicate 8-96 wells. Results are mean &+

SD.

Figure 16 Cell proliferation under varying stimulation of EGI on plastic

in MCIf-7 cells.

MCEF-7 cells (2000 per well) were plated in 96 well plates. After overnight
incubation, the routine medium was replaced with experimental medium with
1% DHIDCCECS only (control) or supplemented with doses of EGF (0.63,
1.89, 6.3, 18.9 and 63 ng/ml). After 24, 48 and 72 hours prolifcration was
cvaluated by MTT as described in "materials and mcthods™ section 2.4.1.
Results arc expressed in percent of control value. *p < 0.001 and #p < 0.05.
The cxperiments were performed in iriplicaie 8-96 wells. Results are mean &

Sb.
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3.1.3 Transforming Growth Factor 5 (I'GF[)

It was important to find the effect of TGFB (a growth factor known for its
diverse functions under normal and malignant conditions) on the growth
response of the two cell lines on hoth plastic and IS, A time course
expertment was performed with varying concentrations of TGF[3 0.01-1.0
ng/ml. MDA cells grown on BHS (Fig 17) showed an inhibition which varied
wilth time and concentrations. In the prescace of the lowest concentration
{0.01ng/ml) inhibition reached about 20% after 24 and 48 hours. The observed
cffeet approaches a bell-shaped curve because the inhibitory effects were
decreased with increased doses. When cells were exposed to Ing/ml, only 5%
inhibition was obscrved after 48 hours. The same dose after 72 houcs did not
show any inhibitory effect. When grown on plastic, the MDA ccll line showed
the concentration dependent inhibition over the time (Fig 18). The most
pronounced decrease in growth rate (about 25%) was obscrved alter 24 hours
in the presence of 1 ng/ml. It is not known whether usc of higher doses of
TGIP would have led to another bell-shaped curve. Careful monitoring of the
cells showed that the inhibitory cffeets were lost alter 48 and 72 hours with
0.1 ng/ml as compared to control values though the significance of this is not

clear. The higher concentrations 0.3- 1.0 ng/ml remained inhibitory.

In contrast, MCLE-7 cells, on EHS, (Fig 19) showed a time and concentration
dependent small increase in the growth rate in responsc to TGF[}. The
maximum increase of only 15% in proliferation was observed in the presence
of 0.3 ng/ml, after 24 hours. The later time points showed an inhibitory effect
on plastic of TGEP on MCF-7 cells at lJower concentrations. MCF-7 cells, on
plastic, surprisingly showed a time dependent increasc in proliferation with
even the lowest concentration of 0.01 ng/ml. This mcrease rose to about 2 fold

after 24 hours (Fig 20). When cells were exposed 10 higher concentration of
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Ing/ml, there was a reduction in the growth rate but il remained 50% above

control. After 48 and 72 hours the growth rate dropped.

Conclusions

Figures 17 (CHS) and [§ (plastic) show the dose response curve for MDA
celis in response to TGFR. MDA cells were growth inhibited by TGFP with
maximum inhibition 4t 0.0lng/ml on EHS. The higher doses showed little

inhibition on EHS but significantly inhibited growih on plastic.

Figures 19 (EHS) and 20 (plastic) show the dose response curve of MCF-7
cclls in response to TGEJ. MCF-7 cells initially showed a growth stimulation
{at 24h) but there was a little inhibition on BHS at the lowest doses of T'GF at
later time points. Whereas growth stimutation was observed with all doses an

plastic.

The effects of TGER on MDA cells reflected those of TGF@ in that effects
were seen at lower doses on EHS compared with those cells grown ou plastic.
On EHS, the inhibition curve approached the cxpected bell shape. However
the stimulatory effect of TGFP on MCF-7 cells, especially over 24h on plastic,
was most unexpected and although completely reproducible in these studies,

contrasts with previous observations in the literature.
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Figure 17 Cell proliferation under varying stimulation of TGFf3 on EHS

in MDA-MB-231 cells.

MDA celis (2000 per well) were plated in 96 well plates. After overnight
incubation, the routine medium was replaced with experimental medium with
1% DHIDCCFCS only (control} or supplemented with doses of TGFJ} (0.01,
0.03, 0.1, 0.3 and I ng/mi). Aftcr 24, 48 and 72 hows proliferation was
evaluated by MTT as described in "materials and methods” section 2.4.1.
Results are expressed in percent of control value. *p < 0.00! and *p < 0.05.
The experiments were performed in triplicate 8-96 wells. Resulls are mean £

SD.

Iigure 18 Cell proliferation under varying stimulation of TGFp on

plastic in MDA-MB-231 cells.

MDA cells (2000 per well) were plated in 96 well plates. Atter overnight
incubation, the routine nicdium was replaced with expcrimental medium with
1% DHIDCCFCS only (control) or supplemented with doses of TGIB (0.01,
0.03, 0.1, 0.3 and 1 ng/ml). After 24, 48 and 72 hours proliferation was
evaluated by MTT as described in "matcrials and methods"” section 2.4.].
Results are expressed in percent of control value. *p < 0.001 and *p < 0.05.
The experiments were performed in triplicatc 8-96 wells. Results are mean +

SD.
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Figure 19 Cell proliferation under varying stimulation of TGFp on EHS

in MCFE-7 cells.

MCI cells (2000 per well) were plated in 96 well plates. After overnight
incubation, the routine medium was replaced with experimental medium with
1% DHIDCCTCS only (control) or supplemented with doses of TGFB (0.01,
0.03, 0.1, 0.3 and 1 ng/ml). After 24, 48 and 72 hours proliferation was
evaluated by MTT as described in "materials and methods" scction 2.4.1.
Results are expressed in percent of control value. *p < 0.001 and ®*p < 0.05.
The experiments were performed in triplicate 8-96 wells. Results are mean %

SD.

Figure 20  Cell proliferation under varying stimulation of TGFB on

plastic in MCI-7 cells.

MCF cells {2000 per well) were plated in 96 well plates. Afier overnight
mcubation, the routine medium was replaced with experimental medium with
1% DHIDCCEFECS only (control) or supplemented with doses of TGFB (0.01,
0.03, 0.1, 0.3 and 1| ng/mil). After 24, 48 and 72 hours proliferation was
evaluated by MTT as described in "materials and methods"” section 2.4.1.
Resulls are expressed in percent of control value. *p < 0.001 and ®p < 0.05.
The experiments were performed in triplicate 8-96 wells. Results are mean %

SD.
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3.1.4 Esiradiol (1£2)

It has been shown previously that E2 stimulates the growth of ER* cell lines
on plastic (Dickson ei af., 1990). In order to compare its elfect on the growth
rate of the MCEF-7 cell linc on plastic and matrigel (EHS), experiments were
carried out under identical experimmental condilions. Concentrations ol E2
from10-t2 1o 10-M, were used. As expected, E2 increased the rate of
proliferation with increased doses. On EHS (IFig 21), Ii2 appeared (0 stimulate
the growth in a sumilar fashion to that on plastic though the absolute level of
stimulation was less than that observed on plastic {Fig 22). The increase in
growth rate was concentration dependent with a significant increase in growth
(23%) heing observed with 10712 M cstradiol on both substrata. Higher doscs
(10-8 M and greater) reduced the growth rate on both EHS and plastic. The

overall effect of E2 on the rate of proliferation was stimulatory.

Concinsions

Figures 21 (EHS) and 22 (plastic} show the dose response curve for MCE-7
cells. MCF-7 cells were growth stimulated by E2 with maximum stimulation
at 10-10-10-9M concentrations on both EHS and plastic, though the magnitude

of stirmulation on plastic was about 3 timges that on EHS.

Thus the nature of the substratum had no effect on the type of response to

oestradiol but the extent of growth stimulation was much greater on plastic

than EHS.
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Figure 21 Cell proliferation under varying stimulation of estradiol (E2)

on EHS in MCF-7 cells.

MCF cells (2000 per well) were plated in 96 well plates. After overnight
incubation, the routine medium was replaced with experimental medium with
1% DHIDCCFCS only (control) or supplemented with doses of E2 (10-12, (-
101079, 10-8 and 106 M). After 24, 48 and 72 hours proliferation was
evaluated by MTT as described in "materials and methods" section 2.4.1.
Results are expressed in percent of control value, *p < 0.001 and *p < 0.05.
The experiments were performed in triplicate 8-96 wells. Results are mean +

SD.

Figure 22 Cell proliferation under varying stimulation of estradiol (E2)

plastic in MCI'-7 cells.

MCF cells (2000 per well) were plated in 96 well plates. After overnight
incubation, the routine mediwm was replaced with experimental medium with
1% DHIDCCECS only (control) or supplemented with doses of E2 (10712, 1¢0-
10 10-2, 10-8 and 10°¢ M). After 24, 48 and 72 hours proliferation was
cvaluated by MTT as described in "materials and methods" scction 2.4.1.
Results arc cxpressed in percent of control value. *p < 0.001 and ®*p < 0.05.

The experiments were performed in triplicate 8-96 wells. Results are mean &

SD.
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3.1.5 Progesterone (Pg)

Progesterone mediates its effect through its receptor, PgR. Like E2. it is also
known to stimulate the growth ot hormone responsive breast cancer cell lines
when cultured on plastic substratum. In this study, the effects o MCF-7 cell
line were studied in response Lo varying amounts of Pg on either EHS or

plastic.

When grown on EHS, the MCF-7 cells showed a time dependent inerease in
their growth The most dramatic stimulation was observed after 72 hours
(34%) at 10-12 M concentration, as compared to the control vajues (IFig 23).
When higher amounts were used a graduul decrease in growth rate was

observed at all time points.

On plastic, MCF-7 cclls showed a gradual increase in proliferation after 24, 48
and 72 hours. The most dramalic increase by about [00% was obscrved after
48 hours (Fig 24). Increasing the concentration of Pg to 10-% M or higher
caused a slight decrease in proliferation. Thus no major differences were
observed between the growth response curves Lo progesterone when MCF-7

cells were grown on plastic or EHS.

Conclusions

Figures 23 (EHS) and 24 (plastic) show the dosc response curve of MCT-7
cells in response to progesterone. The growth reponse of MCF-7 cells towards
progesterone was similar on EHS and plastic in that both weire growth
stimnlated at lower doses and the magnitude of stimulation observed on EHS

was less than that on plastic.

4
R,
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Figure 23 Cell proliferation under varying stimulation of progesteronc

(Pg) on EHS in MCF-7 cells.

MCEF cells (2000 per well) were plated in 96 well plates. After overnight
incubation, the routine medium was replaced with experimental medium with
1% DHIDCCFCS only (control) or supplemented with doses of Pg (1012, 10-
10, 107V, 108 and 1076 M). After 24, 48 and 72 hours prolifcration was
evaluated by MTT as described in “materials and methods™ scetion 2.4.1.
Results are expressed in percent of control value. *p < 0.001 and ®p < 0.05.
The experiments were performed in triplicate 8-96 wells. Results are mean =+

SD.

Figure 24 Cell proliferation under varying stimulation of progesterone

(Pg) plastic in MCF-7 eells,

MCF cells (2000 per well) were plated in 96 well plates. After overnight
incubation, the routine medivm was replaced with experimental medium with
1% DHIDCCECS only (control) or supplemented with doses of Pg (10712, 10-
10109, 1078 and 1076 M). Aficr 24, 48 and 72 hours proliferation was
evaluated by MTT as described in "materials and methods” section 2.4.1.
Resulls arc cxpressed in percent of control value. *p < 0.001 and *p < 0.05.
The experiments were performed in triplicate 8-96 wells, Results are mean +

SD.
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3.1.6 Tamoxifen (TAM)

The "antiestrogen"” tamoxifen is known to be a weak ocstrogen agonist for
breast ¢pithelial cells though it will act as an antagonist in the presence of
cstradiol. The effect of TAM on MCE-7 was analyzed on both EHS and

plastic. Different doses of TAM ranged from 10-12-10-6M.

On EHS, MCFE-7 cells when exposed to 10-9M tamoxifen showed an increase
of about 60% after 72 hours as compared to the control values (Fig 25).
Overall, TAM stimulated the growth rate in a conceniration dependent
mannce. On plastic, MCF-7 showed a similar concentration dependent
increase in prolileration (Fig 26). A significant increase was observed aficr 24
hours (30%) and reached a peak around 48 hours at all doses tested. A

maximum increase of 72% was observed when exposed to 13-8M.

Conclusions

Figures 25 (EHS) and 26 (plastic) show the dose response of MCF-7 cells to
tamoxifen. As observed with estradiol and progesterone, tamoxifen stimulated
the growth of MCF-7 cclls. A similar dosc response curve on both substrata
was observed, though the difference in nmaximum stimulation hetween the two

surfaces wus much less marked with tamoxiten.

The growtl studics in vitro may somehow correspond to in vivo like situation
but caution may be taken in In vitro studies with growth factors since changes

in their cnvironment may affect their behaviour.
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Figure 25 Cell proliferation under varying stimulation of tamoxifen

(TAM) on EHS in MCF-7 cells.

MCEF cells (2000 per well) were plated in 96 well plates. After overnight
incubation, the routine medium was replaced with experimental medium with
1% DHIDCCFCS only (control) or suppiemented with doses of TAM (10712,

10-10, 1079, 10-% and 10-® M). After 24, 48 and 72 hours prolileration was

cvaluated by MTT as described in "materials and methods" scetion 2.4.1.
Results are expressed In percent of control value. *p < 0.001 and ®p < 0.0S.
The experiments were performed in triplicate 8-96 wells. Results are mean +

SD,

Figure 26 Cell proliferation under varying stimulation of tamoxifen

(TAM) on plastic in MCF-7 cells.

MCF cells (2000 per well) were plated in 96 well plates. After overnight
incubation, the routine medium was replaced with experimental medium with
1% DHIDCCECS only (control) or supplemented with doses of TAM (10712,
10-10, 10-9, 10-8 and 106 M). After 24, 48 and 72 hours proliferation was
evaluated by MT[ as described in "materials and methods™ section 2.4. 1.
Results are expressed in percent of control value. *p < 0.001 and ®p < 0.05.
The experiments were performed in tripiicate 8-96 wells. Results are mean +

SD.
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3.1.7 Discussion

Effect of Growih Factors on the Growth of MCF-7 and MDA -MB.231

Breast Cancer Cell Lines

Breast cancer cell proliferation and differentiation are associated directly or
indirectly with several growth factor familics including the epidermal growth
factor family (EGF), the fibroblast growth factor (FGF) family, msulin like
growth factors (IGF) and transforming growth lactors (3, TGF[. The present
study was undertaken to determine the effect of different doses of TGFo, EGF

and TGER on cell growth in hormone dependent and hormone insensitive

cpithelial cell system using both EHS and plastic.

TGFe, like EGF, is mitogenic for normal and malignant breast epithelial cells.
The growth of MDA-MB-231 cells on EEIS, slightly inhibited by TGFo, at low
doses, MDA cells were, otherwise, gently stimulated by higher doses of
TGFaq, irrespective of substratum. [n this study TGEQ was found to have a
mitogenic influence on MCF-7 cells in culture, irrespective of the nature of

substratum though lower doses may be more effective on IHS.

EGT treated MDA cells had an opposite effect of doses when grown on IEHS
as compared to plastic. On EHS, a low concentration of EGF was inhibitory.
Gradual increase of EGF dosage however led to an increase in growth which
reached a maximum of 17%. Maximum stimulation was observed on plastic at
low concentrations whereas no significant effect, as compared to the control,

was observed at higher EGE concentrations.

1t had previously been observed that EGF at low or very high concentration
had only minor effects on the growth of MDA-MB-231 cells on plastic.
Murayaina & Mishima (1995) have also confirmed the inhibitory action of
high concentration of EGIF on hreast cancer, ocsophageal and gastric cancer

cells. Long & Rose (1996) have shown no cffect of EGF on MDA-MB-231

;
:
3
;
p
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cell growth using the same range of concentrations as were used in our
experiments. Further Veber Nelal also showed that under standard culture
conditions MDA cells, which possess large amounts of EGFR on the cell
surface, do not respond to EGF (Verber et af., 1994, Jarrard et al., 1994)
Carruba er al., (1994) showed that EGF did not influence the growth of

prostate epithelial carcinoma cell line PC3.

The growth response of MCF-7 (o low concentrations of EGF was stimulatory
both on 1EHS and plastic with the maximum stimulation being 1.6 fold on EHS
(0.63 ng/ml) and 2 fold on plastic (at 1.89 ng/ml). This observation is keeping
with (Cappelleti et al., 1993) who reported a 1.6-1.8 fold increase in growth of
MCF-7 cells on plastic although at an EGF concentration that was 5 times
higher than that used here. Surprisingly exposure of MCFEF-7 cells to gradually
higher doses of EGF (i.e. from 1.89 to 63 ng/mi, in three increments) led 1o a
tinear decrease in growth on plastic but had the opposite effect on EHS. In this
experiment, there was no significant difference in the maximum stimulation in

growth of MCI-7 cells by FGT whether they were grown on TIELS or plastic.

Transforming growth factor B (TGFp) is a potent growth inhibitor for normal
epithelial cells. Both ER positive and negative cells contain TGEFf receptors
and are growth inhibited by both TGFB1 and TGF 2 (Dickson ¢f al., 1990).
The escape of malignant transformed cells from regulation by TGFB may be
an important stage in tumour development. The inhibitory etfect of TGFp on
the growth of MDA cell line, has been shown previously by other groups
(Desruisseau er al., 1996). However, the effect of TGFp on cells grown ou
matrigel has not been studied. MDA cells grown on EHS displayed the classic
inverse bell-shaped curve in respounse Lo treatment of TGTP after 24, 48, and
72 hours. Maximum decrease was seen at 001 ng/ml at all three ume points

while higher concentrations did not appear to have much mhibitory effect on
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growth on EHS. On plastic, these cells underwent growth inhibition at high

concentrations but no effect was observed at lower concentrations.

Unexpectedly, MCF-7 cells on the other hand, showed a dose-dependent
increase in growth on EHS over 24 hours which was much more pronounced
with cells grown on plastic. The fact that TGEp stimulates growth of MCF-7
cells is really surprising given the plethora of literature which indicates
without exception that this molecule has an inhibitory role in cell proliferation
(Ying & Zhang, 1996; Welch er al., 1990; Dickson ¢f al., 1990). However, the
TGF preparations used were the same as those which growth inhibition in
MDA cells and the sub-clone of MCF-7 used has given cxpected resulls in
other conditions. Some recent studies have shown a cell-density and scrum
dependent sensitivity to TGFP in MATLyLu (Morton & Barrack, 1995). The
authors have shown that at high density and in the presence of serum (0.5%),
cell growth was insensitive to TGF while in the absence of serum and low
density, growth wus inhibited in response 10 TGER. The escape of inhibitory
action of MCF-7 ccells in reponse to TGER may therelore be due 1o (he

presence ol serum in the medium.

Growth Respounse of Breast Cancer Cells to Steroid Hormones and Anti-

Qestrogens

Steroid hormones play an important role in the contrel of growth and
development ol normal mammary gland and breast cancer progression.
Therefore, the growth response ol hormone recepior positive MCE-7 cell line
to estradiol, progesterone and an anti-oestrogen tamoxifen was evaluated on
both plastic and EHS. It is known that oestrogen stimulates the growth of
oestrogen receptor positive breast cancer cells like MCF-7 and ZR75

(Zajchowski et al.,, 1993) (Dickson er al., [989). Howcver, these carly
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observations were achicved on plastic only. In the current studies the elfect of
estradiol (E2) was obscrved on both kinds of substrata. The growth rate on the
two surfaces were comparable. Oestrogen, as expected, showed stimulation iu
the proliferation of MCF-7 cells both on plastic and EHS. The dose response
curve was similar on both the surfaces. On plastic, significant stimulation of
about 1.6 fold was observed with 10-2M concentration, while the same dose
showed about 1.25 fold stimulation on EHS indication of nearly 3 fold
difference in response. Others e.g. (Cappellett ¢t al., 1993} have found an
increase in proliferation of MCE-7 cells on plastic, Similarly, (Masamura et
al., 1995) have shown that wild type MCF-7 cells respond maximally to 10
M E2, while Cappelleti ez ¢l. (1993) have observed a 1.5-fold increase in
profiferation with 10-8 M E). Progesterone also increased the growth rate of
MCF-7 cells on both substrata. 10-12 M progesterone gave maximum
stimulation of about 1.7 and 1.3 fold after 48 hours on plastic and EHS,

respectively.

TAM 1s known ..to display both agonistic and anfagonistic effects
(Katzenellenbogen ez al., 1995) and exert its agonistic effect through the
oestrogen receptor (ER). Bliss has shown that the agomistic eflect of TAM
may be due to the ability of this anti-aestrogen to dimerize the oestrogen
receptor necessary for gene transcription (Bliss ef «/., 1996). In our
experiments, TAM showed a dose dependent siimulatory etfect on MCF-7
cells on both plastic and EHS. 1078 and 10" M TAM gave the maximuom
growth between 1.7-1.65 fold on plastic and EHS, respectively. These results
are corroborated by (Cabot ef ¢l., 1993) and (Dickson et «f., 1990) who have
described an increase i profiferation with TAM. (Grondahl-Hansen er al.,
1988) also have shown no inhibition of growth by anti-oestrogens. TAM has

no growth effect on the MDA-MB-231 cells (data not shown).
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3.1L.8 Summary

In this chapter we have examined (he cffects of various growth [actors and
hormones on the two cell lines, MDA and MCFEF-7, plaled on both EHS and
plastic. The aforegoing results unequivocally deinonstrate that the growth of
cells in response to certain growth factors or hormones vary depending on the
substratum. For instance, as discussed above, when MDA and MCF-7 cells
were treated with EGF and TGFq, on either plastic or EHS, the pattern of
proliferation was different. MCE-7 cells were more responsive o lower doscs
of growth factors on EHS. TGF[} showed significant differences in the growth

pattern, depending on the concentrations used, between the (wo substrata.

In contrast to growth fuclors, steroid hormenes used in this study, had
comparable effcets on both plastic and EHS. It 15 clear therefore, from this and
other examples, that the growth of a given cell line can either be enhanced or
inhibited depending upon the surface on which it is grown. These results
suggest that in addition to hormones and growth factors the surface is also a

co-determinani of a cell line's potential for growth,
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3.2 PLASMINOGEN ATTIVATORS

3.2.1 Determination of uPA, PAI-1 and uPAR mRENA levels in MDA and

MCF-7 cells exposed to various hormones and growth factors

In order to monitor the respective amounts of the uPA, PAI-1 aud ulPAR
mRNA from MDA and MCF-7, cells treated with TGFa or TCER, and EG)?
were then processed using reverse transcriptase polymerase chain reaction
(RT-PCR) (Tables 2 & 3). Since it is technically very dillicult to use this
technique quantitatively, it has been used in this study as a qualitative
yardstick for the presence or absence of a certain mRNA species, Total RNA
was isolated from each of the cell lines which had been treated with various
doses of hormones and growth factors and subsequently converted into cDNA.
Primers specific for each of the three genes, as well as that for B-actin, which
was nsed as a positive control, were used in a PCR reaction and the products
analysed on an agarosc gel, It should be noted that the identity of all four PCR
products was established by cloning and analysis of the recombinant clones by

DNA sequencing (data not shown).

The MDA cell line has been well characterised by several groups and it has
been shown to be highly invasive in vitro (Long & Rosc, 1996}, This is most
likely due to the fact that it expresses all the components esscntial for
invasiveness. RT-PCR analysis of total RNA obtained from untreated MDA
cells showed that, in contrast to the MCIE-7 cells, it contained some ulPAR and
farger amounts of uPA and PAI-1 mRNAs. Exposure of MDA cells to | ng/ml
of EGF, TGFu or p, had no net cffect on the levels of uPA and PAI-1 mRNA
relative to the control. Treatments with growth factors, however, increased the

uPAR transcript as compared to the control (Fig. 27B).

In spite of numerous attempts no uPA, PAI and uPAR mRNA could be

detected in the untreated MCF-7 cell line (Fig. 28A). The possibility that the

G
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three mRINAS were notl [ound because of RNA degradation can be eliminated
given that the mRNA for B-actin, which was used as a positive control, was
detected successfully using this protocol. As a further control, PCR primers
for B-actin failed to produce a band of the expected size tor amplified genomic
DNA when the purificd RNA afone was used in a PCR reaction, suggesting

that the purificd RNA had not been contaminated with genomic DINA.,

Upon exposure of MCF-7 cells to 1 ng/ml ol TGFB, no uPA was [ound but
PAI-1 and ul?’AR mRNA were found after 48 hours ol incubation (Fig.283). In
EGF | ng/ml lreated cells, no uPA mRNA could be found, as had been
obscrved with the other growth factor. A considerable amounts of uPAR and

PAIl-1 was observed at 48 hours after EGF addition.
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Figure 27 'The effect of growth factors on uPA, PAl-1 and uPAR
transcripts in MDA-MB-231 cells at different time periods

MDA cells were treated with growth factors TGFg, (1 ng/ml), EGF (10 ng/ml)
and TGFB (1 ng/mi) and were incubated for 48h. After exposure to these
growth factors, RNA was extracted as described in the methods section 2.11.
It was followed by RT-PCR using the primers specific for uPA, PAI-1 and
uPAR with the expected 460, 452 and 455 bps, respectively. B-actin was 560
bps The PCR reaction employed 1 minute at 95 C, | minute at 50 OC, and 1.5

minute at 72 OC for 30 cycles. The products were electrophoresed on 1.5 %
agarose gel and visualised with ethidium bromide under UV light. The results
are representative of three different experiments using RNA from diffcrent
extractions.

Figure A: Control Cells

‘I'ime period Lane numbers
24h [,2,3,4

48h 5,6,7,8

72h 9,10, 11, 12
Marker M

[3-actin 4,8, 12

Figure B: Treated Cells (48h)

Treatment Lane numbers
TGFp 1,2,3

LEGT 5,6,7

TG, 9,10, 11
[3-actin 4,8,12

The lanes in figures (A and B) represent transcripts in the following order:

ulPA 1,5,9
PAI-| 2,6,10
uPAR 3,7, 11

[p-actin 4, 8,12
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Table 2 The effect of growth factors on mRNA in MIDA-MB-231 cells

The effect of growth {actors on mRNA in MDA-MDB-23 1 cells are presented in
+/- symbols. This table shows the qualitative determination of the message in

MDA cells in response to growth factors (ng/ml), TGFB, EGF, TGIa, as

compared to control. Results are the mean of three independent cxperiments.

Key to symbols: + =present, ++ = abundant

Doses uPA PAI-I uPAR B-actin
48h 48h 48h 48h
control ++ b + -
TGF[3 1 ng/ml ++ 4+ ++ +
EGF 10 ng/ml ++ ++ ++ +
TCFo L ng/m} ++ 4 ++ n
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Figure 28 The effect of growth factors on uPA, PAI-1 and uPAR
transcripts in MCF-7 cells at different time periods

MCF-7 cells were treated with growth factors EGF (10ng/ml) and TGFB (1
ng/ml) and were incubated for48h. After exposure to these growth factors,
RNA was extracted as described in the methods section 2.1 1. It was followed
by RT-PCR using the primers specific for uPA, PAI-1 and uPAR with the
expected 460, 452 and 455 bps, respectively. -actin was 560 bps The PCR
reaction emploved | minute at 95 ©C, I minute at 50 ©C, and 1.5 minute at 72
OC for 30 cycles. The products were electrophoresed on 1.5 % agarose gel and
visualised with ethidium bromide under UV light. The results are
representative of three different expertments using RNA from different

extractions.

FFigure A: Control Cells

Tirne period Lanc numbers
24h 1,2,3.4

48h 5,6,7,8

72h 9.10, 11, 12
Marker M

f3-actin 4,8

Figure B: Treated Cells (48h)

Treatment Lane numbers
TGF[3 1,2, 3

EGF 56,7

B-actin 4,8

The lanes in {igures (A and B) represent transcripts in the following order:

uPA £,5,9

PAIL-) 2,6, 10
ul?’AR 3,7, 11
B-actin 4,8, 12
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Table 3 The effect of growth factors on mRNA in MCFE-7 cells are presented
i +/- symbols. This table shows the qualitative delermination of the message
in MCT-7 cells in response to growth factors (ng/ml), TGFB. EGF as

compared to control. Results are the mean of three independent experiments.

Key to symbaols: 4 =present, ++ = abundant

Doses uPA PAI-1 uPAR B-actin
48h 48h 48h 48h
control - = - +
TGRP | ng/ml - + ++ +
EGF 10 ng/ml - + 4+ +
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3.3  Secreted and Ccll Associated Plasminogen Activator

Levels

3.3.1 The effect of growth factors on seerction of uPA antigen by the

MDA-MB-231 cell line
Transforming Growth Factor o (TGYo)

After treating the cells with 1 ng/ml and 0.1 ng/mi TGFo on EHS and plastic,
the amount of secreted uPA was mcastued in the conditioned medium (CM).
On EHS, uPA secretion was not altered by incubation of celis with high or low

amounts of TGFa during all time points (Figs 29A, 30A).

On plastic, an initial increase of about 60-70% observed in uPA icvels with

hoth 0.1-1 ng/ml TGFq, (Fig 29B) subsequently reduced to control values or

showed slight inhibition in uPA levels after 72 hours (Fig 30B).

Epidermai Growth Factor (EGF)

EGF is known to induce the expression of uPA in a culivre system on plastic.
To compare this with uPA secretion on EHS, MDA cells were exposed o 10
ng/ml and | ng/ml of EGE. On EHS, uPA secretion remained lower than the
control values, after treating the cells with high or low doses of EGF (Figs

294, 30A).

On plastic, EGF 1 ng/m! significantly increased uPA secretion up to [049%
abave control aftcr 48 hours (Fig 29B). The same dose after 72 hours
decreased the uPA levels. EGE treatment for longer Uime did not increase the
amounts of uPA, instead uPA levels were reduced by 30% with | ng/ml EGF.

as compared to control values (Fig 30B).
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Taken together the results suggest that the effects of TGFa and EGEF on
sccretion of uPA into the conditioned medinm were similar on EHS and
plastic; in that both did pot cffect the antigen amounts on EHS and increased
uPA levels after 48 hours on plastic. The nature of the substratum showed a

small transient effect on the secreted uPA levels,

Transforming Growth Facter 8 (TGK])

MDA cclls were treated with TGFpB at [ ng/ml and 0.1 ng/mi. On EHS, a
dramatic time and concentration dependent effect was observed when the cells
were treated with this growth factor for 48 and 72 howrs. TGFB | ng/ml
significantly increased uPA lcvels by 330% after 48 hours and about 250%
after 72 bours. (Figs 294, 30A). The lower concentration of TGEFP 0.1 ng/inl
also increased uPA levels by about 105% aller 48 and 72 howrs (Figs 29A,

30A).

On plastic, when incubated with 1 ng/ml or 0.1 ng/ml for 48 hours, uPA levels
increased but still only above contral values 58% and 86%, respectively (Fig.
29B). TGE did not increase the levels when the cells were treated for 72

hours. The amounts of proteins secreted are shown in the tables 4 and 5.

Taken collectively the results suggest that, whereas on TS TGF ioncreased
uPA levels after 48 hours by a very large amount. Further incubation of 72
hours decreased the levels significantly. On plastic, TGF3 potentiates a small

increase in UPA levels secreted into CM after 48 hours.
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control To 1 Ta .1 TR 1 T.1 EGF10 EGF 1

B: Plastic

control To 1 To .l TP 1 8.1 EGFi¢ LEGF I

Figure 29 The effect of growth factors on uPA seerction
in MDA cells, on both XHS (A) and plastic (B). (48h)
TGFe (1 and 0.1 ng/ml), TGEH (1 and 0.1 ng/mt) and EGF (10 and
I ng/ml) were used for 48h. uPA levels in the CM. in all experiments
were assayed in duplicale using 4-span ELISA (see section 2.7.2).
The average of three independent determinations == S is presented.
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Figure 30 The effect of growth factors on uPA secretion in
MDA cells, on both EHS (A) and plastic (B). (721

TGra (1 and 0.1 ng/ml), TGEB (1 and 0.1 ng/mi) and EGF (10 and ]
nghnl) were used for 7Zh. uPA levels in the CM, 1n all experiments
were assayed in duplicate using 4-span ELISA (see section 2.7.2). The
average of three independent determinations &= SD is presented.
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Table 4 Secreted ulPA protein in MDA-MB-231 celis on EHS.
The amounts of uPA protein was measured in the conditioned medium {CM),

on EHS in MDA-MB-231 cell line. Values (ng/ml) represents the mean of

three independent experiments and cach experiment was carried out in

N

duplicate.

Time Countrol TGFo BGE TGEFB
CM Ing/ml fng/mi 1 ng/ml

48h 10.4 8 9.1 45.8

72h 16.6 14.4 12.8 58.4

Table 5 Secreted uPA protein in MBA-MB-231 cells on plasiic.

T'he amounts of uPA protein was measured in the conditioned medium (CM).
on plastic in MDA cell line. Values (ng/ml) represent the mcan of three

Independent cxperiments and each experiment was carried out in duplicate.

Time Control TGFa EGF TGS
CM Ing/ml Ing/ml 1 ng/ml

48h 14 10 9.3 23.1

72h 115 11.4 18.1 24.8
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3.3.2 The elfect of growth factors on cell associated uPA antigen in

MBPA-MB-231 cell line in cell extracts

uPA is active when bound to its receptor, uPAR on a cell membranc, To find
the effects of growth factors on cell associated uPA levels, cells, alter
removing medium, were washed with PBS and veated with 1% Triton X-100.
Cell extracts were prepared as described in method section 2.7.1. Cell
supernatants (SN) were then measured for the amounts of uPA antigen in the

presence of different concentrations of growth factors at different time points.

TGFu

On BITS, ulPA levels remained unchanged after 48 hours when cells were
exposed to both doses of TGFa (1 and 0.1ng/ml} as compared o the control
values {Fig 31A)) whereas about 70% stimulation was observed with 0.1
ng/ml after 72 hows (Fig 32A). The higher concentration of TGFu did not
effect uPA levels at any time point. On plasuc, uPA levels remained
unchanged aflter 48 hours with TGFo, whereas a small increase, about 26%

was obscrved with TGFa 1 ng/ml (Fig 31B).

Overall, MDA cclls treated with 1 ng/mt or 0.1 ng/ml of TGFo showed little
change of uPA levels in cell supecnatants at either concentration of growth

factor.
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EGEF

LGF, like TGFq, also stimulated uPA levels aller longer incubation hours but
to a greater extent. On EHS, a concentration and time dependent increase was
observed after 48 and 72 hours. BGE 1 ng/ml and 10 ng/mi showed a gradual
increase in uPA levels by 39% and 449 after 48 hours (Fig. 31A). The
increase (123%) was observed in the presence of | ng/ml BGFE after 72 hours

(Tig 32A).

On plastic, MDA cells in the presence of EGIF 10 ng/ml and | ng/inl increascd
uPA levels in cell extracts (0 85% and 140% alter 72 hours, respectively (Fig
32B). uPA levels remained below the confrol values in the presence of the

same concentrations after 48 hours.

Conclusions

The general effect of EGE, on the levels of uPA antigen, was stimulatory on
both the surfaces. However, different time periods were observed for the
mediation of induction of wPA. Although an early uPA indection was
obscrved on EHS, a longer time was required by EGF (o induce the cell

associated uPA on plastic.

[t is interesting to note that on BHS lower doses of both TGFa (0.1ng/mt}
EGF (Ing/mnl) inhibited cellular proliferation, but al the same time incrcased

the amount of uPA.
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TGED

TGER increased both secreted and cell associated uPA levels guite
significantly. On EHS, cell associated uPA showed time and concentration
dependent stimulation. MDA cells in the presence of 1 ng/ml TGl showed
significant stimulation by [51% after 48 hours (Fig 3[A). This increase
remained the same after 72 hours (Fig 32A). On the other hand, treaiment of
cells with 0.1 ng/ml 'I'GF showed a little increase in uPA levels by 36% after

48 hours.

On plastic, MDA cells when incubated with 1 ng/ml and 0.1 ng/ml TGF[3
showed significant increase in uPA levels with the greater stimulation at the
lower concentration. 0.1 ng/m! TGEp increased uPA levels by 9% after 48
hours (Fig 31B). The antigen levels were subsequently increased much

significantly to 360% after 72 hours incubation (Fig 32B).

Conclusions

The aforementioned results suggest that TGF modulates uPA levels in cell
extracls according to the nature of the substratui, On ELIS, the low dose
could only marginally increase uPA antigen but the high dose gave large
increase in cell associated uPA levels. On plastic, the lower dosc was quite

enough to stimulate uPA levels very significantly.

This observation shows that lower concentrations of TGF[} remained cither

inert or slightly inhibited the growth on plastic, whereas lower doses of TGE3
increased uPA levels significantly. This may be due to the fact that TGFB may

follow a different pathway (o stimulate uPA fevels than proliferation,
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(B). (43 bws)

TGFa (1 and 0.1 ag/ml), TGEB (1 and 0.1 ng/Anl) and EGYE (10 and 1
ng/ml) were used for 48h. uPA levels in the SN, in all experiments
were assayed in duplicate using 4-span ELISA (see section 2.7.2). The
average of three independent determinations & 5D is presented.
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Figure 31 The effect of growth factors on uPA in cell
cytosol (SN) in MDA cells, on both EIS (A) and plastic
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Figure 32 'The effect of growth factors on uPA in cell
cytospl (SN) in MDA cells, on both EHS (A) and plastic
(B). (72

TGFe (1 and 0.1 ng/ml), TGFR (1 and 0.1 ng/ml) and EGF (10 and |
ng/ml) were used for 72h. uPA levels in the SN, in all expertments were
assayed in duplicate using 4-span ELISA (see section 2.7.2). The
average of three independent determinations £ SD is presented,
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Table & vP’A protein in cell cyiosol in MDA celis on EHS.

The amounts of uPA protein was measured in the cell cytosol (SIN), on EHS in
MDA-MB-231 cell line, Values (ng/mg protein) represents the mean of three

indepchdent experiments and each experiment was carricd out in duplicale.

Time Control TGFo EGF TGFR
SN Ing/ml 1 ng/ml 1 ng/ml

48h 13 i4.4 18.1 327

72h 21.7 40.4 48.6 54.4

Table 7 uaPA protein in cell cytosol in MDA celis on plastic,

The amounts of UPA protein was meusured in the cell eytosol (SN), on plastic
in MDA-MB-231 cell line. Values (ng/mg protein) represents the mean of

three independent experiments and each experiment was carried out in

duplicate.

Time Control TGFw EGT TGEB
SN ing/ml 1 ng/ml I ng/ml

48h 21.3 15.4 13 211

72h 14.4 16.9 34.6 30.8

e
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3.3.3 The effect of growth factors on secretion of FAI-1 antigen in MDA -

MB-231 cell line

uPA may be regulaicd by many inhibitors, but the most established inhibitor is
the plasminogen activator inhibitor type-1 (PAI-[) (see introduction section
1.13.1). Therefore, it was also important to measure this inhibitor in response

to various growth factors.

Transforming growth factor o (TGFo)

MDA cells grown on EHS revealed that both doses of TGFw (1 and 0.1 ng/mt)
showed no significant alteration of secreted PAI-1 levels at any time points
(Figs 33A, 34A). When (he same experiment was cartied out on plastic, PAI-
] levels were stimulated by about 30% aficr 48 hours and 67% after 72 hours

with 0.1 ng/ml TGFe (Figs 33B, 34B).

TGFo did not alter the secreted PAI-1 levels on EHS but did increase the

levels on plastic.

Epidermal growth lactor (EGL)

PAI-1 levels were also measured in the MDA cells in response to 10 ng/ml
and 1 ng/mi EGF. On EHS, cells exposed to EGF, showed no stimulation of
secreted PAT-1 after 48 hours, (Fig 33A) and the levels actually dropped alter
72 hours with the 1 ng/ml . On plastic, the high dose of EGF 10 ng/m! slightly
increased PAI-1 levels by 18% after 48 hours (Fig 33B). No signilicant eflect

was observed at further time point.
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The results suggest that EGE, like TGFe, did not have significant elfect on

secrcted PAI-1 levels, on both EHS and plastic.

Transforming growth factor 3 (TGF[3)

Experiments were designed to determine whether cells cultured on plastic or
EHS altered the sensitivity. MDA cells were exposed to | ng/ml and 0.1 ng/ml
TGEB. On EHS, the high dose of TGFP showed a dramatic increase in PAI-1
levels by 379% (Fig 33A) after 48 hours. Susequently the levels were reduced
to 105% after 72 howrs (Fig 34A). Lower wounts of TGFB also significantly
increased the secretion of PAIL-1 levels, althoogh to lesser extent by 123% after
48 hours. On plastic, TGFB 1 ng/ml showed an increase in PAL-I levels by
147% (Fig 34B) and 123% with TGKP 0.1 ng/ml, after 48 hours. This was

followed by a subsequent reduction in PAI-1 levels after 72 hours.

The foregoing results showed that the secretion of PAI-1 levels into the
conditioned medium in response to TGFR was concentration and time
dependent on both plastic and EHS. On EHS, the high dose stimulated the
secretion much more significantly than the lower dose. The cxtent of sceretion
was higher on EHS than on plastic. The secretion of PAI-1 levels was reduced

with longer incubation time.

e e et e a e ot e A a il au aa weian 3 Stames s
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Figure 33 The effect of growth factors on PAI-1 sccretion in
conditioned medivm (CM) in MDA cells, on both EHS (A)
and plastic (B). (48 h

TGFo (1 and 0.1 ng/ml), TGER (1 and 0.1 ng/ml) and EGF (10 and |
ng/mi} were uscd for 48h. PAI-1 levels in the CM, in all experiments werc
assayed in duplicate using 4-span ELLISA (see section 2.7 2). The average
of three independent determinations £ SD is presented.
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Figure 34 'The effect of growth factors on PAX-1 secretion in
conditioned medl m (CM) in MDA cells, on both EEBS {A) and
plastic (B) lﬁ

TGP (1 and 0.1 ng/ml), TGEB (1 and 0.1 ng/ml) and EGF (10 and |
ng/ml) were used for 72h. PAI-1 levels in the CM, in all experiments were
assayed in duplicate using 4-span TiLISA (see section 2.7.2). The average of
three independent determinations  S1 is presented. 4
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Table 8 Secreled PAL-T in MDA cells on KIS,
The amounts of PAI-{ protein measured in the conditioncd medium (CM), on

EHS in MDA-MB-231 cell line. Values (ng/ml) represents the mean of three

independent experiments and each experiment was carried out in duplicate,

Time Control TGFo EGF TGFR
CM Ing/ml ing/m! ! ng/ml

48h 1354 896.9 95.6 647.6

72h 2938 216.5 145.7 604.9

Table 9 Secreted PAI-1 in MDA cells on plastic.

The amounts of PAl-1 protein measured in the conditioned medium (CM), on
plastic in MDA-MB-231 cell line. Values (ng/ml) represents the mean of three

independent experiments and cach experiment was carried out in duplicate,

Time Control TGFo EGF TGF3
CM Ing/mi tng/ml | ng/ml

48h 303 385 236 602

72h 399 424 558 459
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3.34 The effect of growth factors on ceil associated PAI-I antigen in

MDA-MB-231 cell line in cell extracts

PAI-1 has been shown to bind to the uPA/UPAR complex which is then
internalised and degraded. Therefore, PAI-1 complexed to membrane bound

uPA was measured in cell extracts in response 1o varions growth factors.

TGFo

MDA cells when exposed to 1 ng/mtl and 0.1 ng/ml showed a time dependent
increase of cell associated PAI-I antigen. On EHS, though a slight increase of
10% was observed after 48 hours in the presciice of 0.1ng/ml. The same dose

significantly stimulated PAI-1 levels by 91 % alter 72 hours (Fig 36A].

On plastic, however the effect of TGFo was inhibitory over the time period,
Both, TGFox 0.1 and 1.0 ng/ml slightly inhibited the growth after 48h. At 72h,
TGFa reduced PAI-} levels by about 40-50% (Fig 368).

The overall effect of TGFa on PAIL-1 levels was very different on both the
substrata i.e. stimulatory on EHS and inhibitory on plastic. This stimulation

was tirne dependent which increased with time,

EGF

On EHS, BEGF showed increased PAI-1 levels by 46% and 4 1% when Lhe cells
were treated with 10 ng/ml and 1 ng/mi after 48 howrs (Fig 35A) and by 132%

in the presence of 0.1 ng/ml EGF after 72 hours (compared with stimulation of

91% by 0.1 ng/ml TGTFo).
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The effect of EGF, likc TGFw, was also inhibitory on plastic. Incubation with
either 10 or | ng/ml reduced PAI-{ levels by about 10%. [Further incubation
over a time period of 72 hours, reduced the PAI-1 levels by about 30-50% (Fig

36B).
Conclusions

The overall effects of TGFo and EGT showed how selection of substratum is

critical to establish the physiological role of these growth factors In vitro,

TGFR

The effects of TGFP on PAI-1 levels in the cell extracts were as dramatic as
they were in conditioned medium. On EHS, TGFB | ng/ml, was more
effective in increasing PAI-1 by 180% after 48 hours (Fig 35A) in contrast (o
plastic. This level was more or less maintained aiter 72 hours i the presence
of the same dosc. TGER at 0.1 ng/ml slightly increased PAI-1 levels by 38%

after 48 hours.

On plastic, MDA cells showed a dramatic increase ol about 260% in PAI-|
levels with a low dose of 0.1 ng/ml aller 48 hours (Fig 33B), whereas only
34% increase was observed after 72 hours (Fig 36B). At higher concentralion
of TGEB 1 ng/ml, antigen levels after 48 hours were only 20% above control

which was [urther reduced after 72 hours.

el
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Conclusions

Considering the overall effect of TGF on PAL-] levels in cell extracts of
MDA ccll line, the results suggest that much greater PAI-1 levels were
observed on plastic with TGI'} 0.1 ng/ml as compared to EHS. General effect
of TGFB observed on both the substrata, was the induction ol PAI-1 levels, -4:;

though different concentrations were required [or the inductions.
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Figure 35 The effects of growth factors on PAI-1 in cell ,
cytosol (SN} in MDA cclls, on both EIS (A) and plasiic (B).@S

1TGFe (1 and 0.1 ng/ml), TGES (1 and 0.1 ng/ml) and LEGF (10 and |
ng/ml) were used for 48h. PAIL-1 levels in the SN, in all experiments were
assayed in duplicate using 4-span EILISA (see section 2.7.2). The average of
three independent determinations & 8D is presented.
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Figure 36 The effect of growth factors on PAI-§ in cell
cytosel (SN) in MDA cells, on hboth EHS (A) and plastic (B). {72 ‘\) '

TGFo (1 and 0.1 ng/ml), TGEB (1 and 0.1 ng/mi) and EGF (10 and |
ng/ml) were used for 72h. PAI-1 levels in the SN, in all experiments were
assayed in duplicate using 4-span ELISA (see section 2.7.2). The average of
three independent determinations & SD is presented.
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Table 10 IPAI-1 Protein in SN in MDA cells on KHS.
The amounts of PAI-1 protein measured in the cell cytosal (SN}, on EHS in

MDA-MB-231 cell line. Values (ng/mg protein) represents the mean of thiee

independent experiments and each experiment was carried out in duplicate.

Time Controf TGFo EGF TGER
SN Ing/ml I ng/ml 1 ng/ml

48h 51 50.4 72.1 133.7

72h 86.7 90.7 201.6 227.8

Table 11 PAl-1 Protein in SIv in MDA cells on plastic.

The amounts of PAL-1 protein measured in the cell cytosol (SN}, on plastic in

MDA-MB-231 cell line. Values (ng/mg protein) represents the mean of three

independent experiments and each experiment was carried out in duplicate.

Time Coutrol TGFx EGF TGFEB
SN fng/ml I ng/ml [ ng/mi

48h 265 182 249.1 319

72h 583 213 291.6 380
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3.3.5 Dose responsc curve of TGFP on uPA fevels

Tiffect of different doses of TGFJ on secretion of uPA into the culture

medium and on the cell associated uPA levels

It has been obscrved in the previous experiments that the MIDA-MB-231 cell
line when exposed to 1 ng/ml and 0.1 ng/ml TGFP showed an enormous
increase in the levels of uPA antigen both on plastic and EHS but with
different dose dependence. An experiment was performed to determine the

dose response to TGE[ over a range of doses, 0.01, 0.1, 0.3 and | ng/ml.
Dose response of TGED on secreted uPA levels in conditioned medium:

A time course experiment was performed with varying amounts of TGE[> 0.01
to I ng/ml. MDA cells when incubated with these doses showed a
concentration dependent increase in UPA levels, The most significant increase
of over 300% was observed in the presence of 1 ng/m!l TG alter 48 hours.
Lowecer doses gave the cxpected smaller stimulation (Fig 37A). uPA levels

significantly dropped after 72 hours.
Dose response of TGF[} on uPA levels in the cell extracts:

Cell lysates were prepared as described in method (2.7.1) and uPA levels were
measured in the presence of different doses of TGF[ 0.01-1 ng/ml for 48 and
72 hours. It was uhserved that uPA amounts varicd with TGFP concentrations
and also with length of time. As the concenlralion increased from G.0l-[
ng/ml, uPA levels increased to about 100% above control, after 48 hours.
After further incubation the level of stimulation was reduced although the
antigen levels retained a dose response curve (Fig 37B). Tuken together the
resuits suggest that TG maintained uPA levels in the conditioned medium

and cell extracis in a concentration dependent mannct.
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Figure 37 Dose response of TGIP on the amounts of
ulPA in MDA cells in conditioned medium (A) and cell
cytosol (B)

uPA protein in response to different doses of TGFB (ng/inl)
were assayed for different tirne points, by ELISA in duplicates.
The average of three independent determinations + s presented.
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3.3.6 Dose response curve of TGI'B on PAl-1 levels

TGFB increased PAI-1 levels, cven more than uPA levels, in MDA-MB-231
cell line in the prescnce of 1 ng/ml and 0.1 ng/ml. Therefore cells were
exposed to different concentrations (0.1, 0.1, 0.3 and 1.0 nghnd) of TGF[3 to

determine dosc response at different time points.

Dose response of TGFP on secreted PAI-1 levels in conditioned medium:

MDA cells were incubated with different doses of TGFp ranged from 0.01-1
ng/ml. As the concentration of TGF[P increased PAI-1 levels increased
correspondingly. The most remarkable stimulation 350% was observed in the
presence of | ng/ml TGFS (Fig 38A). The lowest concentration 0.01 ng/ml
also showed increased PAI-1 levels by 50%. The levels of stimulation redueced

significantly aftcr 72 hours.

Dose response of TGER on PAl-1 levels in cell extracts:

TGFP increased PAL-1 levels in the cell extracts of MDA cells when exposed
to 0.01-1 ng/ml TGFB amounts. Maximum increased levels of PAI-I (125%)
were observed with | ng/inl atter 48 hour (IFig 38B). The levels of PAI-1 fell

after 72 hours, though not significantly.

These resulls suggest that exposure of cells to increasing concentradons of
TGE[} causes a linear increase in the relative amounts of uPA and PAI-1 (i.e.,
the higher the concentraton of TBFf, the higher the levels of uPA and PAL-1)

The extent of stimulation was similar for both uPA and PAI-{.
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3.3.7 'The cffect of Growth factors and hormones on PAI-1 antigen

secretion inte conditioned medium by the MCF-7 cell line

TGFa
A time course experiment was performed with MCIF-7 cells in the presence of
I ng/ml and 0.1 ng/ml TGEFo. Both concentrations of TGFa increased PAL-|

levels alter 72 hours (Fig 39A).

EGF

A time and concentration dependent increase was observed in the presence of
10 ng/ml and | ng/ml EGF. Both doses increased PAI-1 fevels alter 48 hours

which were substantially increased (17 fold) after 72 hours (Iig 39A).

TGFf

MCF-7 cells when treated with TGEP at 1 ng/ml and 0.1 ng/ml, showed a
remarkable increase over a time period 48 and 72 fhours. Maximum
stimulalion of about 19 fold was observed in the presence of | ng/mi TGFj
after 72 hours (Fig 39A). The effect of 0.1 ng/ml TGFp could only increase

the PAI-1 levels 1o about 5 fold.
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Oestradiol

MCF-7 cell line is oestrogen receptor positive and therefore various steroid
hormones were used to check their effects on the PAT-1 secretion into the
medium. Cells were incubated with 109M and 10-'2M E2. Neither
concentrations of E2 stimnlated any PAI-1 into the medium afier 48 hours.
High concentrations of estradiol (10-9M) did increase the antigen levels by
about 3 times as compared to control values, after 72 hours (Fig 39B). The

lower concentration remained ineffective.

Progesterone

MCE-7 cells when exposed fo 10-8M and 10712M showed an increase of PAl-
[ levels The hormone only slightly increased PAI-1 antigen alter 48 hours
with 10-8M. This increase remained high after 72 haurs with 10-12M (Fig

39B).

Tumoxilen

Tamoxifen is an anti-oestrogen and is used as a first line endocine therapy for
breast cancer paticnts. To find its elfect on the secrction of PAL-1 levels inlo
the conditioned medium, the drug was incubated at a concentration of 10°9M
and 10-12M. Both doses increased the antigen levels in a concentration and

time dependent manner (Fig39B).
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Figure 39 Effect of growth factors (ng/ml) (A) and steroid

hormones {(Molar conc.) (B) on PAI-1 levels in conditioned
medium (CM) by MCF.7 cells.

Total PAI-1 in the CM of MCF-7 cells was detexmined by ELISA. The
samples were collecled for 48 and 72 hours. The resuits (imeanSD) are
for three separate experiments.
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3.3.8 The effect of growth factors and hormones on PAI-1 aniigen levels

in cell eytosols of MCFEF-7 cells

TGFo

This molecule has been known to have a mitogenic allect on various cell lines.
When used at a concentration of I, 10 and 100 ng/mi it stimulated cell growtih.
The results of its elfects on PAI-1 levels in the MCF-7 cell line are depicted in

Fig 40A. It should be noted that a time and concentration dependent increase

was observed when MCF-7 cells were incubated with TGFo (1 and 0.1

ng/ml). Maximum increase of 7.5 fold was observed after 72 hours.
EGK

EGF 10 and | ng/ml concentrations were used in the study to determinc its
effects on PAI-1 levels in MCF-7 cell cytosols. The higher dose of EGF
incrcased PAI-1 levels by about 4 fold which remained high 5 fold, after 72h

(Fig 40A). Lower dose remained ineffective.
TGF[

As with other growth factors, TGFP also increased the PAI-1 levels. The
higher dose | ng/ml increased PAI-1 levels by about 4 folds after 48h whercas

TGFp 0.1ng/ml increased PAIL-1 levels by about 17.5 folds (Fig 40B).

Steroid Hormoncs

The eftects of lower concentrations of hormones E2, Pg remained ineftective

over a time period of 48-72h. The only significunt incrcases of 4.5 und 3.5

fold, respectively, were observed with E2 (10-9M) and TAM (10" 12M) after

72h, respectively (Fig 40B)

w0
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Figure 40 Effect of growth factors (ng/ml) (A) and sieroid
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hormones (Molar conc.) (B} on PAI-1 levels in celi

cytosol (SN) by MCF-7 cells.

Total PAI-1 in the SN of MCF-7 cells wus determined by ELISA. The
samples were collected for 48 and 72 hours. The results (mean®SD) arc

for three separate experiments.
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3.3.9 Analysis of uPPA and PAR-1 Levels in the MDA and MCF.7 Cell

Lines by Western Blotting

In order to determine the presence of nPA and PAl-1 and to find its apparent
molecular weight, a Western blotting was carrted out. Extracts from both the
normal and hormone/growth faclor reated MDA and MCF-7 cell lines were
prepared, electrophoresed on a 10% SDS-PAGE, electroblotled onto a
membrane and subsequently probed with the mousc anti-uPA (Fig 41) and
PAI-1 mAb (Fig 42). Surprisingly but consistent with the ELISA results. no
detectable nPA was found in the conirot and treated MCE-7 cells. However,
PAI-1 protein was detected in both MCF-7 and MDA celis, both in control and
TGFEP treated cclls (Fig 42). In the control MDA cells, uPA was detected as a
single band of about 55 kDa. The amount of this protein increased about 3-
fold in the cell eytosol when the cells were exposed o TGFEf3 (1 and 0.1 ng/inl)
and EGF | ng/ml (compare lanes 2, 3 and 4 1o lane 1). The same cells with
TGF showed uPA antigen in the conditioned medium also (compare lane 6
and 7 and 8 to control lane 5) However, TGF} treated MCF-7 cells showed no
uPA (lane 10) as compared to control cells (lane 9) (Fig 41A). To ensure that
cqual amount of protein was loaded in all the lanes a separate gel containing
the same amount ol protein as was used in the gel which was electroblotted
was run and subsequently stained with silver. This showed that the relative
increase or decrease in uPA lcvels is real, since all lanes contained

approximately equal amounts of the samples (Fig 41B).
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Figure 41 Immunological identification of ulPA protein in MDA -MRB-231

and MCF-7 celis

Control and growth factor treated MDA and MCE-7 cells were collected after
48h. The cell extract prepared was resuspended in Laemmbi bulfer. The
samples were then separated by 10% (w/v) SDS-PAGE and transferred o
Hybond C membrane. ECL detection of the protein was performed with uPA
mADb (1/50 dilution) as described in materials and methods {(section 2.0).
Silver staining was performed on the same samples run separately on 10%
SDS-PAGE to show cqual loading (Fig B). Both CM and SN were analysed
for MDA cell line. Only CM was (ested for MCF-7 celis.

Blot A: The lane nuumbers correspond o the following in MDA cells
Control TGF3 Ing/mi TGFf 0.1ng/ml EGF Ingfm!
1,5 2.6 3,7 4,8
MCF-7 Jane numbers

Lane 2 is control and lane 10 is TGFB | ag/ml.
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Figure 42 Immunological identification of PAI-1 in MDA-MB-231 and

MCFE-7 cells

Control and growth factor treated MDA and MCF-7 cells were collected after
48h. The cell extract prepared was resuspended in Laemmli bulfer. "The
samples were then separated by 10% (w/v) SDS-PAGE and (ransferred to
Hyhond C membrane. ECL dctection of the protein was performed with anti-
PAI-1 mAb (1/200 dilution) as described in materials and methods (section

2.6). All the samples were treated with TGF3 1 ng/ml.

Bloi A: The lane numbers correspond to the following in MDA cells.

Lane [, marker; lane 2 and 7, control; lane 3 and 6, CM: lane 4 and 5, SN.
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3.3.10 Regulation of ulA Enzyme Activity

Effect of grewth factors on the activity of uPA in conditioned medivm
(CM) and cell cytosols (SN) of MIDA-MB-231 ceil line on beth EHS and

plastic

uPA directed invasion and metastasis depend on the presence of active uPA in
the system although uPA is initially secreted as an inactive {form. uPA activily
in response to various growth factors was analysed by using a chromogenic
substrate specific for uPA as described in the method (2.8). A rime course
experiment was carricd with different amounts of growth faciors on both EHS

and plastic.

TGFa

MDA cells were treated with TGFq { ng/ml and 0.1 ng/ml, as in ELISA. to
find its effect on the activity of uPA over a length of 48 and 72 howss. On EHS
TGFo showed no increase in uPA activity in conditioned medium (CM) (Fig
43A) whereas in the cell extract (SN) nPA activity increased significantly by
about 40% after 72 hours, with TGFa Log/ml (Fig 44A). On plastic, TGFo
showed no etfect on the uPA activity levels either in CM (Fig 43B) or SN

(Fig 44B).

EGKF

The effect of EGF on uPA activily on both EHRS and plastic was observed.
When uPA activity was analyzed in the CM of MDA cells, an increased
activity Jevels of 10% were obtained with EGF [0 ng/ml after 72hours (Fig
43A). In the cell extracts also initially FGIF 10 ng/ml showed increased uPA

activity aflter 48 hours (35%) which was subsequently increased by about 30%

(Fig 44A).



Plasminogen activator results 184

On plastic, initially EGYF showed no effect on the uPA activity levels either in
CM or SN. After 72 hours incubation a higher dose (10ng/mi) showed a
marginal increase of 0% in CM and about 50% in SN. EGF | ng/ml also

stimulated uPA activity after 72 hours by 65% (Fig 44B).
TGKFp

The dramatic increase in the uPA activity was obtaincd with TGFB | ng/ml
and 0.1 ng/ml in a time dependent manner. On EHS, TGFEB both doses
inhibited the activity levels by about 50% in CM. When CM on plastic was
analyzed in the presence of 1 ng/ml TGFPB, a huge amount of active uPA was
observed. This stimulation was 280% as compared to the conteol values (Fig
431)) alter 48 hours. This increase was further enhanced to 320% during the
course of 72 hours. TGE 0.1 ng/ml initially showed a significant increase of
uPA activity by 135% after 48 hours(Fig 43B). This increuse in the active

uPA remained the same alter 72 hours.

In cell extracts the levels of active UPA on BEHS, were higher as compared to
the levels in the CM. TGF 1 and 0.1 ng/ml showed an increase of (45-55%)
in uPA activity on I11S, Whereas, on plastic a remarkable increase in uPA
activity by 280% was observed at both time points in the presence of TGF(
(45-55%) ing/ml (Fig 44B). TGEB at 0.1 ng/ml also showed stimulation,
though to a lesser extenl, showing an increase ol 150% after 48 hours which

was further enhanced to 180% after 72 hours (Fig 44B).
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Figure 43 uPA enzyme activity in conditioned medium (CM)

on EHS (A) and plastic (B) in MDA cells in reponse to

different doses of growth facters ot different time points.

Effects of TGFB (1 and 0.1 ng/ml), TGFo, ({ and 0.1 ng/ml) and EGFE (10
and 1 ng/ml) on the levels of uPA in CM is shown as percentage of control.
Activity was measured by using S-2224 in duplicaies in all the samples. The

results (mean + SD) are for three seperate experiments.
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Figure 44 uPA enzyme activity in cell cylosels (SN) on EHS
(A) and plastic (B) in MDA cclls in reponse to different doses
of growth factors at different time points.

Effects of TGFR (1 and 0.1 ng/m), V'GP (¢ and 0.1 ng/inl) and EGYF (10
and 1 ng/ml) on the levels of uPA in SN is shown as percentage of control,
Activity was measured by using S-2224 in duplicates iv alt the samples. The
results (meun + SD) are for threc seperate experiments,
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3.3.1i Discossion

Lffect of Growth Factors or the Expression of Plasminogen Activators

and Plasminogen Activator Inhibitor in Human Breast Cancer Ceils
i

The rate of protease and inhibitor secretion by MCF-7 and MDA-MB-23] cell ’
Al

tines, under various treatments and at different time points were mvestigated. |
The levels of plasminogen activators and their inhibitors were initially 2
H]

i

1

determined by western bloiting and then later on quantified by enzyme-tinked-
"‘v,l
immunosorbent assays (ELISAs).

Using the techniques described herein, although ample alPA was found in the

MDA cells, surprisingly no uPA could be detected in the MCE-7 cells. In

contrast, PAI-1 was found in both cell lines.

fiffect of TGFo and EGY on ulPA and PAI-1 protein levels

When cells were grown on EHS, TGFa witially decreased the levels of both

secreted and cell associated uPA and PAI-|. However, after 3 days both uPA

and PAIL-1 levels were increased in cell extracts with lower dose of TGF i.c.
i

0.1 ng/ml.

The effect of TGFa on plastic was different to that on EHS, in that TGFa

initially increased the secreted forms of both uPA and PAI-1 fevels in CM "_!
g
while the cell associated levels of uPA and PAI-| levels were inhibited in cctl N

extracis.
The effect of EGF on the secretion of uPA and PAI-l followed the same )

pattern as TGFo. EGE also had no detectable effect on uPA and PAI-I tevels ,

in CM on EHS, but both uPA and PAl-1 levels were increased by about 40-

46% after 48 hours, on EXS. It was interesting to note that unlike TGHo, after
. ,;I
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72 hours uPA and PAIL-1 levels increased by nearly 130% in the celf extract,
with EGIF 1 ng/mi. On plastic however the general trend of increase in uPA

and PAI-T levels was only 30-40% in the presence of various doscs of EGF.

In MDA cells higher concentrations of EGF and TGHo stumulated the growth
of rate whereas the same growth factors did not alter the plasminogen activator
and inhibitor levels significantly. It may be that EGF and TGFu follows
different a different pathway to influence proliferation and/or plasminogen

activaor Jevels,

in MCFE-7 cells, TGFw and IXGIF increased the PAL-| levels in a concentration
and time dependent manner. Higher concentrations increased PAI-1 levels in
CM whereas in cell extracts the same dose was nol much more effective as
compared with the lower dose. Maximum stimulation (7.5 Fold) was achicved
with TGFa 0.1 ng/ml. Like TGFo, EGF also increased both secreied and cel
associated PAI-1 levels and the extent of stitnulation was more in CM about 8
fold with highest dose 10 ng/mi. However the absolute levels remained very

low in this cell line,

In MCIP-7 cells, increased growth rate and also increased PAI-1 secretion was

observed in the presence ol higher doses of TGFo and EGF

Effect of TGFB1 on uPA and PAI-1 Protein Levels

The levels of uPA in MDA cells were significanily elevated in response to
transforming growth factor B (TGFB} on EIIS and plastic, in both the
conditioned medium (CM) and in cell cytosol (SN). The increased levels of
uPA and PAL-1 in response to TGF[} werc time and dose dependent. The doscs
required for the stiniulation on both the surfaces were different. For instance,

on EHS high dose .0 ng/ml TGF increased the uPA levels o maximum




I
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whereas on plastic, the lower dose was morc effective in increasing the antigen
levels. The amount of stimulation observed also varied in CM and SN on the
same suwrface. On EHS, TGFJ at | ng/ml gave maximum stimulation of uPA
by 330% in CM which decreased with time, whereas the increase in cell
extracts was only 150-160% in response to the same dose, The effect of TGFJ
on cells grown on plastic was dose dependent. Lower doses of TGFf, i.c. 0.1
ng/ml, did not have any effect on uPA levels in the CM after 72 hours but
increascd the amount of uPA by 360% in cell extracts after 72 hours. There is
no obvious explanation for this contrast. The only reason may be that EHS is
more a physiological subsiratum than plastic and therefore the cell interactions
with extraceliular matrix maodulates the functions of the cclls, thereby
requiring higher doses (or the maximum stimulation. However, it is interesting
to note the remarkable contrasting differences in the secreted and cytosolic

amounts of uPA in cells grown on plastic and EIS in response to TGFp.

This stimulatory elfect of TGFJB on PAI-1 levels was even more pronounced
on both EHS and plastic. TGFf at 1 ng/ml increased PAI-1 levels after 24
hours by 415% and about 300% in the CM on both EHS and plastic as
compared to the untreated cells, respectively. After 48 and 72 hours the
amount of PAI-1, however, gradually decreased substantjally on both
substrata. At ten-fold lower concentration TGFP, increased PAIL-1 levels in the
CM by 136% aftcr 24 hours on EHS. On plastic the increase in PAI-1 levels

was initially 226% after 24 hours but later dropped off alter 48 and 72 hours.

In the cylosol, 1 ng/ml increased PAI-1 by 186% on EHS, while on plastic the
incrcase was 198% after 24 hours. On both substrata a decrease in the amount
of PAIL-1 was poted although this decrease was more substantial on plastic. Al

lower doses (0.1 ng/ml) TGFP increased PAL-1 by a modest 38% on EHS

e B v o 7t S, i
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while it dramatically increased PAI-1 levels by 414% on plastic after 24 hours,

After 48 hours, the PAI-1 levels decreased substantially.

The overall effect of TGF was stimulatory on uPA and PAI-1 levels, hoth on
EHS and plastic. The cffect was more dramatic on PAI-1 levels in the CM of
EHS. The same cffcct was maintained in SN on plastic. The relative amounts

in both these cases were similar.

In MCF-7 cells, modest amounts of PAI-1 already present were substantially
increased by TGIP in a dose and time dependent manner. Though TGFp
mediates its effect by a different receptor than EGF and TGEo, it showed the
same pattern of PAI-1 stimulation in MCF-7 cells, in that the lower doses
increased PAI-1 levels in SN whereas a higher concentration was more
cffective in stimulating PAI-1 levels in CM. The extent of stimulation was
arcater in CM (17.5 fold) than SN (12 told). The absolute amounts of PAI-1,
however remained very low, The growth rate was however, stimutated with all

doscs.
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3.4 INVASION

In vitre tumour cell invasion was assessed by the microinvasion Boyden

chamber invasion assay as described in methods section 2.9.2.

3.4.1 Assessment of Invasive Capacity of the Contrel Versus Treated

MCF-7 and MDA Cell-lines

Sincc metastasis is the principal life threatening event in the process of
carcinogenesis, it is important to understand the cffect(s) that certain hormones
or growth factors have in bringing about certain biochemical changes in a
grouvp of cells which enhance their invasive ability. The next serics of

experiments were, therefore, designed o address this guestion.

Untreated, as well as oestrogen, DGYF, TGF-o and 3 treated MDA and MCF-7
cells were used in an invasion assay and the invasion was measurcd by

confocal microscopic analysis as well as by the MTT assay.

Consistent with the aggressive nature of MDA cells, they were lound (o be
meore intrinsically invasive than MCFE-7 cclis (Hachiya et af., 1995). In the
initial phase of the study, different expertivents were performed in order Lo
optimise the conditions for invasion as well as to compare different methods
available for its measurement. Different amounts of matrigcl/well were tested.
80 g matrigel/well was found to be the optimal amount to discriminate the

invasive poteutial of both the cell lines.

3
?
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Fetal calf serum (FCS ) and invasion

The effect of tetal calf serum (FCS) on the invasive abifity of MDA and MCF-
7 cells was studied. This cxperiment demonstrated that in the presence of FCS,
invasiveness of both cell lines was inhibited, compared to those which had
never been cxposed to FCS. The etfect of FCS on the tnvaston was measured
by both confocal microscopy (Fig 45) and the M'TT assay (Fig 46). It was
found that the two mcthods showed approxunately ihe same fevel of inhibition
in their invasive potential (11% for the MDA cells which had been exposed to
2.5% FCS for 72 hours). A gradual increase in the amount of FCS (0, 2.5. 5.0
and 10%) resulted in a gradual decrease in the invasive capacity of both cell

lines after 72 hours as measured by the MTT assay (Fig 46).

Interestingly MCF-7 cells after incubalion with 2.5% FCS showed a 34%
decrease in invasive capacity whereas in the MDA cell Iine a drop of only
11% was ohserved. This suggests that the MCF-7 cells wre much more
sensitive to serum and this may reflect the fact that they are better
differentiated cells. At higher concentrations of FCS, the relative decrease n
the percent inhibition for the two cell lines became less marked, 41% and 46%
decrease in inhibition for MCF-7 cell line (Fig 46A). to 21% uand 34% for

MDA cells (Fig 46B), in the presence of 5 and [0% FCS, respectively.




Invasion results 193

25
5 20
S
ot
°
a 15
N
=
o 10~
<
O
g
=
5 -
0

+FCS -FCS

Figure 45 Comparison of invasion across a matrigel, in
control MDA-MB-231 cells in the presence or ahscnee of
serum as determined by confocal micrescopy.

Transwell Tilters were coated with 80ug matrigel/well and 5 x 107 cells
were plated per well. After 724, the invasion of matrigel by cells, was
determined by confocal microscope as described in methods (2.9.4).
The effect of FCS on the in vitro mvasion was studied. The results
(mean + SD) are from three separate determinations.
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Figure 46 Percent inhibition in in vitro invasion of
MCE.7 and MDA-MB-23 cell in response o FCS,

Transwell filters were coated with 80ug matrigel/well and 5 x 107
cells were plated per well. Aller 72h, the invasion of MCFE-7 (A)
and MDA (B) cells across a matrigel was measurcd by MTT as
described in methods (2.9.3). Different amounts of fetal cait
serum (FCS) (2.5-10%) were used. Each sample was measured in
duplicates and the mean of three diflerent experiments £ SD) is
presented.
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Effects of mutrigel use as a chemoattractant on invasion

In vitro invasion is affected by many factors. After determining the
concentration of matrigel and concentration of FCS, the next study was
medium with/withoul matrigel (as a chemoattractant) (Fig 47). It had becn
observed that the presence of a chemoattractant (100pg/ml matrigel and
2ug/ml plasminogen) placed in the lower compartment of the chamber, only
incrcased the percentage of invasion by aboul 2% as compared to the wells
where no matrigel was added in the lower chambers (Fig 47). This shows that
chemoattractant in the lower compartment of the chamber only slightly

influence the invasive ability of the cells.

MCF

MDA

Percent inhibition of invasion

Control Chemoatlractant

Figure 47 Effect of chemoaliractant on the
percentage of invasion

The invasive potential of both MCT-7 and MDA cells were determined.
5 x10° cells were plated in the wells. The medium in the lower chamber

was supplemented with matrigel (100ug/ml) as a chemoattractant, The
values are cxpressed as a mean £ S for triplicale experiments
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Iiffect of plasminogen on invasion

Effect of plasminogen on invasion wilh or without I'CS is shown in (I'ig 48).
Plasminogen is the divect substrate of uPA. Therefore, its effect on nvasion
was delermined by mixing plasminogen with matrigel. Plasminogen increased
the invasiveness of MDA cells by only 6%. In the previous experiments it was
shown that FCS inhibited the invasion of these cells. So, to find if FCS inhibits
the increased invasion by plasminogen, FCS was added to the medium. It was
interesting (o sec again that FCS could even teduce the plasminogen mediated

increase in invasion (Fig 48).

20

MDA

Percent inhibition of invasion

1 T I
control ~-FCS+Plasminogen 3% FCS+Plasminogen

Figure 48 Effecls of plasminogen on the invasion
ef MDA cells

The invasive potential of MDA cells were determined. 5
x10% colls were plated in the wells. The matrigel in the insert was
supplemented with plasminogen (2ug/ml) and the mediuin used was with
or without FCS. 'f'he values are expressed as a mean £ SD for wiplicate
experiments.
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3.4.2 Effect of Growth Factors on Invasion
Evaluation of invasion by confocal lascr microscope

After oplimising all the necessary conditions for invasion, the effects of
growth factors on invasion was determined. Both MDA-MB-231 and MCF-7
cells were cultured in a growth medium containing EGF (10 ng/ml), TGFo (1
ng/ml) or TGFP (1 ng/ml), on matrigel coated filters. Control cells were
cultured only in the presence of culture mediunl. The percentage of invasion is
expressed as the number of cells that migrate above o minimum distance from
the original layer, in comparison with the number of cells invading under
control conditions. Percentage of invasion was measured under the confocal
laser microscope after fixing the cells on matrigel as described in methods

section 2.9.4.

It was observed that after five days of incubation, EGF increased the invasive
ability of the MDA cell line by [0%. Exposute of cells to TGEa did not result
in any significant change in their invasive ability as compared (o the control.
Incubation of cells with TGFB, which has been shown to be an inducer of uPA

gene expression, increased invasivencss by about 30%. (Fig 49).

Evaluation of invasion nsing MTT

MDA cells were cultured in the same concentration of EGF, TGF[ and TGla
for 5 days. Invasion was defined as the proportion ol cells that ¢crossed the
matrigel and filter in each compartment as determined by MTT ussay. It was
observed that EGF induced invasion by 10% whereas TGF incrcased the
invasion by about 40%. TGFw, as observed in conflocal experiment, remained

ineffective in increasing the invasive propertics of cell (Fig 49).
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Taken together these data suggest that both micthods, confocal and MTT,
showed comparable results in that TGFP stimulated invasion by 30% as
assessed by confocal microscopy, and 40% as assessed by MTT assay. TGF[3

showed maximum invasion as compared to EGF or TGEaq.
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Figure 49 Comparison of the percentage of invasion between
confocal and MTT in MDA cells in response to growth factors.

5x 107 cells were left for 5 days on the bottom of the filter for confocal
microscopy and inside the insert on top of the matrigel for MTT assay as
described in methods section 2.9.3, TGF8 1 ng/ml, EGI 10 ng/ml, TGIo
[ ng/ml were used in the study. The results (mean + SD) are the average of
three separate experiments. Bach experiment was performed in duplicate.
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Table 12 Growth factor modulation of invasion of MDA-MB-231 cclls

into matrigel evaluated by confocal microscopy and MTT.

MDA cells (5x 10%) were plated in the Boyden chamber microinvasion assay.

Different growth factors (TGF, TGF«, EGF) were used in the study. The

percentage of invasion was compared by both confocal microscopy and MTT.

Results {mean) are from threc independent experiments,

Doscs % of invasion confocal | % ol invasion MTT
control 67.4 31

TGF[3 5 ng/ml 87 42.5

EGF 10 ng/ml 72 34

TGFo Ing/mli 65 30
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Time course invasion

In the next cxperimeat the effect of growth factors and hormones on the
iavasive abifity of both MDA and MCF-7 cells was observed over 48 and 72
hours in order to study the kinetics of invasive capacity ol celis. To this end,
both cell lines were treated with the EGF (10 ng/mli), TGFJ (1 ng/ml), TGFu
(10 ng/ml) or tamoxifen (10-8M); since the MDA cell line is oestrogen
insensitive, only MCF-7 celis were exposed to oestrogen (1072 M) and
progesterone (10-4M) (Fig 50A). Because both methods, confocal and MTT
were comparable as shown in section 3.9.2 therelore invasion was cvaluated

by using MTT alone.

Figure 50A show that MCF-7 cells (reated with oestrogen were found to be
60% mare invasive after 72 hours as compared to the non-ocstrogen treated
cells. Initially progesterone slightly inhibited the invasiveness after 48 hotirs
which reached (o the level of control atter 72h. Tamoxifen inhibited invasion
by 25% after 48 hours but the inhibition was much more pronounced, about
40% after 72 hours. TGFP had a stimulatory effect on invasion with an

increase of 27% and 75% after 48 and 72 hours, respectively.

When the same experiment was done n the presence of a monocional anti-
uPA antibody invasive capacity was not completely reduced to controt Jevels
implying that TGF stimulated invasion cannot be ascribed entirely to
increased uPA secretion. Treatment of cells with EGF did not appeur to have
any effect after 48 hours. After 72 hours, however, it increased the invasive
capacity of the MCF-7 cells by 55%. Initially TGFo inhibiled invasion by
about 35%. This inhibition overcame after 72h (30% stimulation in invasion

was observed).
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Tor the MDA cell line TGFR stimulated invasiveness by 22% alter 48 hours
and 40% alter 72 hours. The anti-uPA antibody when usced together with
TGP reduced the invasive ability of cells to control levels.(Fig 50). BGF
stimulated invasion by about 20% after 72h. TGFo and tamoxifen both failed

to influence invasion by MDA cells.
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Figure 50 Time course effects of growth factors on the
invasion of MCF-7 (A) and MDA (B) cells,

Effects of growth factors TGFP Ing/ml, TGFa fug/ml, EGF 10 ng/ml were used
for both MCF-7 and MDA cells in the Boyden chamber invasion for 48 and 72
hours, uPA antibody (1 in 200) dilution was used to check the uPA dependent
invasion. Also in MCF-7 cells steroid hormones were used to determine its elffects
on the invasion under the same cxperimental conditions.

The results {mean = ST} represents the average of three separate determinations.
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3.4.3 Discussion

Growth factors, steroid hormones and invasion

Tt has been known {or sometime that the invasive potential ol a given cell line
is related to the amount of active uPA it synthesizes and secretes. It is also
clear that when bound to its receptor, uPAR, uPA cartalyzes the conversion of
plasminogen to plasmin which in turn activates the proteases required for the
breakdown of the extracellular matrix. As discussed previously (section
1.13.1), an important molecule which is responsible for inhibiting the action of
uPA is its inhibitor PAI-1. When bound o uPA, PAIL-1 masks its catalytic site
and renders uPA inaclive. When this is the casce then the cell does not have
much invasive ability. Yet, paradoxically, high levels of PAIL-] within the
(wmour are associated with poor prognosis. In this study, uPA and its
associated molecules were measured bath by EILLISA and in the case of uPA,

enzyme activity.

Further cxperiments were designed to determine the etfect of growth factors
and steroid hormones on the invasive ability of MCF-7 and MDA-MB-231
cells. It is known that /r vifro invasion is affected by many factor e.g. number
of cells per well, the amount of matrigel used in the inserts of Boyden
chambers, the amount of fetal calf serum and plasminogen (lhe only substrate
for uPA) the length of time and the {ilter size. Therelore. il was necessary (o
optimise the conditions for the ccll lines that were used in this study. In doing
so. we found that 80ug matrige! per well was a good concentration to
demonstrate the relative invasive polential between the cell lincs. Furthermore,
it was obscrved that FCS inhibits invasion of both cell lines used but had a
much more dramatic effect on MCF-7 cells at lower concentrations. This may
refllect the relative agressiveness and differentiation of the two celf lines.
MCE-7 cells showed inhibition (34%) in the presence of 2.5% FCS, while a

drop of only 11% was observed in MDA cells.
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It is widely accepted that plasminogen increases the invasiveness of cells,
However, in this study addition of plaspunogen (2ug/mi) had little cffect
implying that our EHS preparations already contained adequate plasminogen.
Furthermore, il was interesting to note that whea plasminogen was added in
the presence of FCS, it did not increase the invasive ébility of the cells. In
addition to the abave mentioned factors, we tried to compare (he two available
methods for the determination of invasion, confocal laser microscopy and
MTE, The results showed that both the methods were comparable, as can be
seen in Fig, 49 although confocal microscopy normaly gave a higher value
than MTT. This may be because confocal microscopy is less invasive than
MTT and therefore the percentage of manual ervor is minimum, The effect of
growth factors after 5 days in culture, were evaluated by both confocal and
MTT. TGFB showed maximum stimulation of invasion as compated to EGF
and TGFo. TGEB 1 ng/m! stimulated tnvasion of MDA cells by about 40% as

assessed by MTT as compared to about 30% as determuned by confocal

microscope.

Since the results were comparable in reflecting TGFR effcet on urokinase
compotents, the subscquent time course experiments with growth factors were
determined by MTT only. These experiments showed a different pattern of
invasion for MCF-7 and MDA cells. Invasion in MDA cells only slightly
increased with time while MCF-7 cells showed a significant increase in
invasion with time. In MDA cells, TGEB | ng/ml increased invasion after 48
and 72 hours by about 25 and 30%, respectively, although the same dose
increased invasion in MCF-7 cells, with time. The maximum stimulation
observed in MCF-7 cells, however was greater (75% after 72h) than MDA
cells. EGF 10ng/ml also increased invasion in MCE-7 by 60% alter 72h. The
elfect of EGT and TGFo were barely significant in MDA cells. Importantly,
TAM inhibited invasion in MCF-7 cells signiticantty by about 32% aller 72

hours. This implies a ful! anti-ocestrogenic effect of TAM on invasion not the

IERTIPR
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usual weak agonist effect. TAM did not effect the fevels of invasion in MDA

cells. To determine if the invasion was uPA dependent, uPA antibody was

used. It was interesting to note that uPA antibody 1/500 dilution reduced

activity of MDA cclls to control levels implying that T'GEB-induced invasion

was due to uPA but that the endogencous level of invasion was due (o some

other mechanisms.
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Figure 51 A photograph of invading cells across a matrigel as seen under

the confocal microscope.

This fig iflustrates the use of confocal microscopy in the assessment of
invasive potential. MDA cells were plated into the boyden chamber under
conf{rol conditions and then confocal microscopy was uscd to visualise cells at
the surface and at 10, 20, 30 and 40 wm into the gel as shown in figure. Cells
were counled at each depth and relative migration assessed under different

conditions of stimulations.






Imwmunofluorescence results 208

3.5 Immunofluorescence

Having used ELISA fo quantitate the respective amounts of uPA and PAI-1 in
MCF-7 and MDA cel lines, we wanted to determine the localization of these
proteins in both MDA and MCF-7 cells. For this, anti-uPA and anti-PAI-]
antibodies were used in immunoffuorescence studies to visualise the two
antigens and their patterns of distribution. ‘T'he uP’A and PAL-1 anlibodies as
described in the Malerials and Methods (section 2,10} were used al 4 dilution
of 1:200. Negative controls had only normal goat serum at the same dilution.
The number of stained cells were counted under the immunofluorescence
microscope and the photographs were taken to show the distribution of both
the PAI-1 and uPA in untreated and TGE[ treated MDA cells (Figs 52 and
53). The pattern of distribution could not be clearly distinguished. However,
thc micrographs clearly show an increase in staining in the treated cells (Figs
53 and 35) confirming the ELISA data. On the other hand, MCF-7 cells
showed no staining for uPA but did show some PAI-1 antigen. The level of
distribution was not much different both in control and TGE treated cells

(data not shown), again confirming the ELISA data.
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Immunofluorescence results

Figure 52 PAI-1 staining in control MDA cells.

The cells were incubated with anti-PAI-1 antibody for 2 hours after fixation as
described in methods (section 2.10) The cells showed diffused staining

throughout.
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Figure 53 PAI-1 staining in TGF[ treated MDA cells.

The cells were pretreated with TGFp (1ng/ml) for 48 hours, and then
incubated with anti-PAI-1 antibody for 2 hours after fixation as described in

methods (section 2.10) The cells showed diffused staining.
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Figure 54 uPA staining in control MDA cells

The cells were incubated with anti-uPA antibody for 2 hours after fixation as

described in methods (section 2.10) The cells showed diffused staining.
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Figure 55 uPA staining in TGFJ} treated MDA cells

The cells were pretreated with TGFP (1 ng/ml) for 48 hours and then
incubated with anti-uPA antibody for 2 hours after fixation as described in

methods (section 2.10) The cells showed diffused staining.
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3.6 Effect of Different Surfaces on the Shape and Morphelogy of the
MDA and MCF-7 Celis

Since the nature of the substratum has been shown to effect the morphology ol

the plated cells, we compared the shapes of both MCF-7 and MDA cells after
plating them on plastic and EHS. When MCF-7 cells are plated on plastic (FFig
56), they arc bigger in diameter than on EHS where they form aggregates.
This aggregations starts 5-6 houwrs after plating the cells on EHS (Fig. 57).
With time they grow and fold the matrigel on themselves and lorm a pseudo-
mammosphere structure (Fig. 58). Upon changing the mediura or after 96
hours the cells detach themselves [rom the matrigel and begin (o grow on

plastic.

With MDA cells (Fig. 59), they are smaller in size thap MCF-7 cells and are
more epidermoid in shape. They start making "communication lines" or
pseudopodia like structures within 4-6 hours of their plating en EHS (Fig. 60).
On EHS, these pseudopodia like structures that appear from one cell to
another were more delined after 48 hours and appeared like a network under a

microscope (Fig. 61).

&
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Figure 56 Morphology of MCF-7 cells on plastic.

5 x 105 cells were cultured in 6-well plates. The cells were left overnight and

the photographs were taken.
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Figure 57 Morphology of MCF-7 cells on EHS.

5 x 109 cells were cultures in 6-well plates precoated with matrigel. The

photographs were taken within 4-6 hours. Magnification used was x4 x 1.5.




Morphology results 21

Figure 58 Morphology of MCF-7 cells on EHS.

5 x 105 cells were cultures in 6-well plates precoated with matrigel. The

photographs were taken after 48h. The magnification used was 4 x1.5.
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Figure 59 Morphology of MDA cells on plastic.

5 x 105 cells were cultures in 6-well plates tissue culture plates. The cells were

left overnight and photographs were taken.
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Figure 60 Morphology of MDA cells on EHS.

5 x 105 cells were cultures in 6-well plates precoated with matrigel. The

photographs were taken after 4-6 hours. Magnification used was 4 x 1.5.
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Figure 61 Morphology of MDA cells on EHS.

5 x 105 cells were cultures in 6-well plates precoated with matrigel. The

photographs were taken after 48 hours. The magnification used was 4 x 1.5.
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DISCUSSION

Many biological processes involve a precise and co-ordinated network of
cellular prolifecation and differeniiation. The development and progression of
cancer is believed to involve altered events in the regulation of these
fundamental processes. In cancer the balance of cells entering S-phase to those
going into apoptosis changes. Breast cancer, like other tumours of cpithelial
origin including ovary, endometrivm and prostate, belongs o a group of
cancers that may be hormone dependent. These wmours, however, contain

both hormone dependent and independent cclls.

Steroid hormones. peptide hormones and growth factors play a critical role in
the control of normal growth and devclopment of the breast and also play a
pivotal role in breast cancer progression. Previously, a plethora of reports has
shown the role of these effectors of cell growth on plastic only. Clearly. the
results of these studics should be taken with caution since growing cells on
plastic is far from the real in vivo scenario. 1 1s known that growth lactors
influence the growth characteristics of cells also by affecting the structure of
the extracellular matrix and may therefore disturb or enhance the interactions
of the cells with their growth substratum (Laiho & Oja, 1989). In the light of
this, it was important to compare the behaviour of cells on plastc and BHS
(Engelbreth Holm Swarm, a tumour basement membranc) in parailel, when
treated with different growth factors and hormones. The present study was
conducted in order to specifically address three questions of Fundamental
biological importance: (a) what effect, if any, do the various hormones have
on the growth properties ol breast cancer cells when grown on different
substrata (i.e. EHS and plastic}? (b} are there changes in the expression of

uPA, ulPAR and PAY-1 gene products when cells are exposed to steroids and
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growlh hormones? and (¢) is there is a correlation between the amount of uPA,
uPAR und PAI-T with invasive ability of a cell line? (In other words, cun
cerlain hormenes or growth factors alter the invasive potential of breast cancer

cells?).

Proliferation Studies

Breast epithelium is directly under hormonal control and these hormones play
an important role in regulating proliferation and protein synthesis ol target
cells. Oestrogen hormones also control the regulation of locally acling growth
factors (Idickson ef wl., 199G), thus steroid hormoncs, including oestrogen,
progesteronc and the anti-oestrogen, tamoxifen, werc used in this study. The
effect of growth factors was also analysed on the two human breast cancer cell
lincs. MCF-7 (hormone responsive) and MDA-MB-23{ (hormone

independent).

Proliferation resulls presented in this thesis showed that EGE and TGFa
increased the growth rate of MCF-7 cells on bolh plastic und EIIS, Stimulation
of growth on cither substratum was relaiively small but cells grown on EHS
showed growth stimulation at lower concentrations of TGFo: than those grown
on plastic. It may be the result of interactions of cells with the extracellular
matrix (EHS) which may modify or altcr the receptor levels in a three
dimentional growth thereby making the cells more responsive to lower doses
of growth factors. This respensc may vary from cell line to cell line and nay
alter according to different conditions. This can be seen in MDA cells on EHS
where lower doses of EGE and TGFa decrcased the growth. The aclual
mechanism of action of these growth factors on LIS is complex and remains

to be {urther elucidated. By contrast, the growth ol MDA cells on plastic was
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stimulated by EGF at the lower concentrations though only a maximun of
15% incrcase above control was observed, 1t should be noted that (Murayama
& Mishima, 1995) have shown that whereas lower concentrations of EGF
support cell proliferation, higher concentrations cause growth inhibition.
Similarly, studies of (Imai et af., 1982) (Dong ¢! af., 1991) on human breast
cancer cells, corroborate the EGF results presented in this study on plastic,
where higher concentrations are inhibitory. TGlFa increased MDA cell growth

at higher concentrations on either substratum.

TGFa, like EGF, exerts its effect via the EGF receptor (EGFR). In spite of
this, the MDA cell line responded differently to the two growth factors. It
should be noted, however, that the percentage of increase in growth of MDA
cells, as compared to MCF-7 cells, was smail, about 20% (Fig 9 and 10), as
compared to MCE-7 cells (about 60%). In other words, it appears that the
exogenously added growth factors had litile or no effect on MDA
protiferation. This fack of response might be due to the large amonnts of EGF
or TGFu that is produced endogenously by the cells which masks the ctfect of
the exogenously added growth factors. Cappelieti et al. (1993) have cstimated
the amount of EGFR (o be 3 fmol/mg of total proiein in MDA cells as
compured o 60 Mmol/mg in MCT-7. 1t is likely that the diflerences in EGFR
levels shown by various groups may be due to different experimental
conditions. The literature also suggests that co-expression al the receptor and
the growth factor leads (o the cytoplasmic activation of the receptor without
involvement of the cell surface membrane. This may create an autocrine loop
between e endogenous growth factors and their receplors feaving only a few
reccptors accessible to exogenously added EGE to stimulate growth (Long &

Rose, 1996; Verber ¢l ¢f., 1994),
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effect on MDA cclls in this study. All these different obscrvations show the
complexity of TGFB and also that different cell lines and dilferent
experimental conditions can alter results for the same cell line and same drug
used under different laboratory conditions. The status becomes even more
complex when cells interact with FHS components and also in the presence of
growth factors, Because both growth factors and EHS componcnts (collagen,
[ibronectin, laminin cte.) allect and alter each other’s functions. e.g. TGFB
regulates the ECM remodelling and functions such as immunosuppresion may

help in tumour progression,

MCF-7 cells showed a similar growth pattern towards ocestrogen,
progesterone or anU-oestrogen, tamoxifen on either plastic or EHS.
Concentrations required for proliferation were similar but the extent of growth
between the two substrata were consistently different. The oxtent of
stimulation was 2 to 3 times more on plastic than EHS. However. the extent of
stimulation of MDA cells in response to growth factors remained similar.
Albini and associates showed an increased growth of MCF-7 cells on
reconstituted basement membrane (ECM/EHS) and or laminin (component of

ECM) but they have not compared the same on plastic (Albini er al., 1986).

It can be concluded from the proliferation studies that EHS has no significant
effect on the growth of MCF-7 cells in response to both hormones and growth
factors. Whereas, MDA-MB-231 cclls showed u significant difference on both
the substrata in response to growth factors, especially TG}, The restricted
growth on EHS may be because the cells are relatively differentiated when in

association with extracellular matrix,
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Plasminogen Activators

It is known that the inoculation of matrige! together with human tumour cells
MDA-MB-435 (Bdo ef ¢d., 1994) MDA-MB-231 or MCF-7 cells (Noel ef al.,
1993} into nude miice has increased the formation and growth of the tumour
but the exact mechanism is unknown. They showed dilferences in growth
rates, MCF-7 being slower in tumour formation than MDA, in spite of the
same conditions. No work has been done so far to find the effcct on
inoculation of TGE[P and other growth factor treated cells and matrigel. As
matrigel effected the growth and and tumour formation ability of the cells in
vivo, it should influence the invasive behaviour of MCF-7 and MDA cells

vitro also.

It is clear from this as well as ather studies that hormoncs and growth factors
cffect not only the biosynthesis and subsequent sceretion of a number of
different proteins, but also the proliferative and invasive potential of both ER*
and ER" cells (Tedone et al., 1996) . Although it is still unclear how hormoncs
and growth factors alter the invasive properties of tumour cells it is widely
accepted hat the process of invasion impinges upon the activities of the

various components ol the plasminogen activator systeni.

In this study the relative amounts of urckinase (uPA}, its inhibitor PAL-1 and
uPAR were quantitated in two well characterised breast cancer cell lines in
order to understand how their levels are cffected in responsc to various
hormones and growth factors on different substrata and whether there exists a
lincar corcelation between the levels of these thrce molecules to the invasive

potential of a cell line,

uPA, PAL-1 and uPAR wausceipts and protein expression were measwred in

MDA and MCF-7 cells. Although uPA was detected in the MDA cell line in
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large quantities, no uPA could be detected in the MCF-7 celils in spite of
numerous attempts throughout the course of this study. This is surprising
given that other groaps have documented the presence of uPA in the MCF-7
cell line. It should be noted that the same antibody which detected uPA in
MDA cells failed to find its antigen in the MCF-7 cells. Moreover. no uPA
mMRNA could be detected using RT-PCR analysis carried oul on totul RNA
isolated from untreated MCF-7 cells. The same set of PCR primers however
successtully detected large amounts of the uPA mRNA in the MDA ccll lines.
Remarkably, neither uPA mRNA nor its protein product were detected even
after 72 hours of treatment with growth factors in MCF-7 cells. The sitmation
is specially conflicting since in this study control MCF-7 cells retain theit
ability to invade, although with much less efficiency than MDA cell line. Docs
this mean that proteins other than uPA are able (o activate plasmin or the

pruteases which directly breakdown the BM?

In the MDA cells, ELISA showed large amounts of uPA. More tmportantly
activity assays revealed an active uPA and it is not surprising therefore, that
this cell line is much more aggressive in the invasion assay than MCT-7 ceils.
Although the levels of uPA are thought to dictate whether u cell line is
invasive, the amount of PAI-] is also an important co-determinant of the
invasive capacity of a cell line. It has been shown that it is the relative
amounts of uPA and PAI-1 which delermine whether a cell line would be

invasive ot not.

The MDA-MB-23 | and MCF-7 cells bave been shown to produce and secrete
mainly ul’A or tPA and PAT-1. The synthesis of uPA, 1ts inhibitor, PAL-1 and
receptor, UPAR is known to be conurolled by a variety of hormones, growth
factors and cytokines (Andreasen ef af., 1990; Dano ef ol 1983; Saksela,
1985). Growth factors espccially TGEP have been implicated in invasion and

metastasis in some malignant cells. However, the importance-of EGF and
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TGFw in the process of jnvasion remains to be elucidated. TGE is involved in
the metastatic cascade in some cells, including MCF-7 and MDA-MB-231
(Thompson ef al., 1990) and TGFP mRNA levels have also been found to be
elevalted in malignant human breast tumour biopsy specimens. The work
describe here shows that TGF[} induces an increase in ccll-associated uPA
cxpression, but has little effect on uPA secretion. These results are in line with
those of Arnoletti et af. (1995) and Keski-Oja er @, (1988) who demonstraled
that TGFBI induced an increase in cell-associated uPA expression and uPAR
biosynthesis in the AS49 cell linc. Lund ef al. (1987) have shown that TGF[3
strongly decreases the PA production in W1-38 human lung fibroblasts. In
contrast, Hachiya ef al. (1995) have reported that exogenous TGF[!
suppresses both PA production and in vitro invasiveness ol MDA-MB-231
cells. In MCF-7 cell line, however, they found that TGFR increased PA and
also In vitro invasivencss. Tn contrast, our results show an induction in the cell
associated uPA levels by 2-4 fold in MDA-MB-231 cells, whereas levels of
uPA in the CM were either decreased or slightly affected by TGF[ in MDA-
MB-231 cells and thereforc demonsirates the importance of assessing

extraccliular plasminogen activator levels as well as cell associated factors.

Qur results showed that TGFR also induced a remarkable elevation ol cell
secreted PAI-1 (250-300%) as compared to (100-150%) increase in the ccll
secreted PAL-1 (in the CM of MDA-MB-231 cclls). Arnoletti er af. (1995)
have also shown increased cell secreted PAI-1 levels in CM of breast cancer
cells in response to thrombospondin, an adhesive glycoprotein known to be
involved in the mechanism of tumour progression and TGFB1. TGFR also
increased the amounts of PAI-1 and uPA secreted from culturcd adult skin
fibroblasts Lund er al. (1987; Desruisseau ez «f. {996) l[urther confirmed that
TGEFP incrcases the levels of secreted PAIL1 by about 700% in a dose

dependent manncr in human prostatic cancer cell fine PC3.
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In some studies decreased uPA levels and increased PAI-1 levels are translated
into decreascd plasmin activity, measured by chromogenic assay, and
uldmalely decreased invasion. However this work shows that elevated levels
of uPA and PAI-[ in breast cancer cells results in increased proteolytic
activity. The levels of uPA and PAI-1 both were up-regulated in MDA-MB-
231 cell line whereas in MCEF-7 cclls, a significant PAI-1 increase was
observed, The increase in uPA is associated wilh malignancy, while the role of
PAI-] is still conflicting. Duffy et al., (1998) has proposed that the Jevels of
the two proteins, uPA and PAI-1, are inversely corrclated with paticit
prognosis. Others have argued that high levels of PAL-1 lcads (o decreased
invasion by inhibiting uPA protcolytic activity. Scveral authors including
(Pappot & Bruaner, 1995) have demonstrated that high levels of PAL-]
propagate tumour progression by jncreasing the motitity of the cells, which is
a pre-requisite of thmour invasion. The results in this thesis are in agreement

with the latter hypothesis.

This simultaneous up-regulation of uPA and PAI-1 in association with
increased invasion confirms the hypothesis that both ulPA and PAI-1 are
strong and independent prognostic factors in breast cancer patients (Dully ¢/
al., 1990; Janicke er al., 1993, Schmitt ef af., 1990; Schmitt e¢f «l., 1991:
Grondahl-Hansen er al., 1993; Janicke e al., 1991; Bouchet ¢f al.. 1994; Blasi.
1993 Brunner ef ¢l., 1994; etc). Both the enzyme and its inhibitor are thought
to be required for cell migration, adhesion and invasion, uPA 15 localised at
the cell surface and at the invasive foci whilst PAL-1 is distinctly localised in
the ECM. Receptor bound uPA remains available to PAI-1. Internalisation and
degradation of the uPA-PAI-I complexes enables cells o migrate through the
recycled receptor, UPAR. Increased levels of PAL-| restricts invasion (Mignatli
& Ritkin, 1993). Thus PAI-1 has a role in new tumour stroma formation and
also protects cancer tissuc against proteolytic degradation. This is obviously

important in the formation of distant metastasis. Grondahl-Hansen er «l.
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(1993) and Janicke er al. (1993) have shown that high levels of PAI-{ arc
present in distant metastasis. PAL-1 synthesis by breast cancer cells 1s
influenced by activation of the prolein kinase C and protein kinasc A pathwavs

(Knudsen et af., 1Y93).

Cell associated uPA can be considered partially equivalent 1o receptor bound
uPA and thercfore can be used as an index of cell surface proteolvtic activity.
When cells were cultured with TGEf, it promored cell expression of uPA and
thus mediated tumour cell invasiveness by increasing proteolytically active
areas of the cell surface. Welch ef al. (1990) alse showed that TGFR can
stimulate invasion and metastalic potential for mammary adenocarcinoma

cells.

The inhibition of proliferation by TGFB in MDA-MB-231 ccll line and
stimulation of uPA/PAI-1 system indicate that proliferation and plasminogen
aclivator system are regulated by two distinet mechanisms independent of
each other. This has been suggested by Lambrecht and colleagues during their
study on the reguliation of proliferation and uPA/PAL-1 sysiem i breast cancer

cell lines, MICE-7 and MDA-MB-23 ] (Lambrecht ¢t af., 1998).

It is important to note that the anti-uPA Ab abolished TGFR-induced invasion
but not the level of invasion by control cells. ‘This suggests that TGFB-induced
invasion is directly due to secreted vPA but the basal fevel is due to other

proteases.

It is also important 1o draw altention to the tact that tamoxifen, usually
considered as a weak agonist did increase proliferation, but inhibited invasion
by MCF-7 cells. This observation strongly supports the anti-invasive ability of
tamoxifen and underline its use as an effective anticancer drug in breast cancer

patients.
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SUMMARY

MDA 1s more invasive than MCFEF-7. This is refiected in uPA and PAI-1
contents, The effects of various cxogenous [actors in the levels of these critical
companents of the invason systern were suprisingly variable. TGFo and EGF
showed no exciting effects on the uPA and PAL-1 levels. lutcrestingly, TG
showed huge effects on the plasminogen activator and inhibitor levels,
proliferation. This study has shown that the in viiro invasive potential of
human breast cancer cell line MDA-MB-231, across a reconstituted basement
membrane (matrigel) correlated with the synthesis of both uPA and PAI-1
which were effected by growth factors EGF, TGFo and TGFB. Matrigel, an
important component of invasion assay has been used as a substraium, in the
present study, to determine its effects on the growth potential and plasminogen

activator secretion from cpithelial cells

This study has clearly demonstrated that the nature of the substratum is critical
for physiological experiments. Comparitive study on EHS and plastic of the
two breast cancer cell lincs, MDA-MB-231 and MCF-7, showed that the level
of stimulation in growth and sccretion of secreted and cell associated
plasminogen activators, uPA and its inhibitor PAI-1 responded diflcrently to

growth factors and steroid hormones, on EHS and plastic.

Low concentrations of TGFa and EGF demonstraied an increase in the ccll
associated uPA and PAI-1 levels on EHS and inhibition on plastic, under same
cxperimental condittons. Similarly, the activity of cell associated uPA in
response to T'GFo slightly increased on EFS and remained unaltered on
plastic. Growth studies showed that cells on EHS responded to high doses and
thus stimulated the rate of proliferation whilc low doses slightly inhibited the

growth. On plastic, however, higher doses were inhibilory.
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Invasion assays also showed that EGEF and TGFe did not increasc
mvasiveness of MDA cells. As the MDA cells were intrinsically highly
invasive, it is perhaps not surprising that exogenous factors had little effect in
increasing invasive activity. This correlated to the fact that uPA levels and
uPA activity only slightly changed in responsc to these growth factors, und
therefore played no role in the process ol invasion. However, the anti-uPA
antibody used in Lhe invasion studies did not completely inhibit the in viiro
invasion of cells. Thus it showed that ulPA may not be the only enzyme

necessary for invaston. Other metalloproteases may be involved in the process.

The effects of I'GFR on PA production and in virro invasivencss was
examined. Lhe studies showed that TGP stimulated both uwPA, PAI-I
production on both LIIS and plastic by about 350%. The level of scereted
proteins were high on EIIS than on plastic. On the other hand, the production
of cell associaled proteins were higher on plastic than oy EIIS. The effects
were clearly dose dependent on both EHS and plastic, Iigher doses stimnlated
uPA and PAT-1 expression on EHS but on plastic much lower doses were
needed to achieve the same level of stimulation. As a potent growth inhibitor,
TGF[ inhibited the growth of MDA cells on EHS ut a low concentration but
on plastic a much higher dose is needed to inhibit cellular proliferation. All
these observations point to the fact that the mechanisms of regulations ol

growth are different from those of invasion.

It was surprising to see that MCFE-7 cells showed invasion with EGIF, E2 and
much enhanced with TGFR, although no detectable uPA could be observed
both at the transcriptional or ransiational levels. The uPA antibody used also

did not inhibit the invasion completcly but did decrease it slightly. This shows
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that the invasion may not only be uPA dependent but other proteases may be

similarly able to drive this process.

It is clear trom these studies that changes in the growth and invasive potential

of a cell line are not only dependent on the type and concentration ol a given

growth factor or a steroid, but are also dependent on the naturc of the

substratum and the nature of the cells (hemselves.
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Future Work

The work reported herein shows the cffects of different growth {actors and
hormones on the proliferation and invastve potential of two breast cancer
derived ccll lines, MDA and MCF-7, Although, the biochemicul fealures of
the MDA-MB-231 cells are consistent with those that have been reported
previously, the MCF-7 cells appear to be completely distinct from the
conventional MCF-7 cell-line. It is important to [urther charcaterise this cel!
line in order to understand and define its salient lcatures which make it
different from other MCE-7 cells, For instance, the TGFB stimulation of
growth of this sub-clone of MCF-7 cells was unexpected and while MCF-7
cells have been shown by others to express uPA, neither the mRNA nor the
uPA protein could be detected in the MCF-7 cell-line reported here. Since the
same anti-uPA antibody could successfully detect uPA in MDA cells, it is
unlikley that failure to delect uPA 1n MCF-7 cells on scveral occasions was
due to technmical reasons. It is interesting to note however, that in spite of the
absence of uPA, MCF cells scored positively, albeit (o a much lesser extent
than the MDA cells, in invasion assays. This observation, together with the
fact that anti-uPA antibody brouglit lnvasion to the levels of control but
control continued to invade that was independent of uPA is indicative of the
fact that proteins other than uPA are also capable of triggerring a cascade of
events that lead to metastasis. Identifying such lactor(s) in the lutuee is of
obvious importance since they have the potential 1o be used as targets {or

therapeulic intervention.

It has also become clear from this work that the proliferative behaviour of cells
in response to various growth factors and hormones is allected by the nature

of the substratuni. Althouglh EHS, which is & mixtare of vartous proteins, was
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used for these studies it would be interesting Lo identify specific proteins
whose presence or absence affects the growth of cells. It would also be
interesting to mix the stromal fibroblasts from normal or tumour cells in
matrigel and find their effects on the functional modification of these cell lines

in term of 1nvasion rates.

In order to monitor cellular invasion a new stralegy that 1s more sensitive than
that used here needs to be adopted. Such a novel and cost-effective method
employing the use of eggs from chickens was in fact reported recently and
appears to be very promising, It would be useful in future to rely on such

methods in order to make the data more quantitative.

Tamoxifen inhibited invasion in the ER+ MCTF-7 cell line, whereas 1t showed
an agonistic effect on the growth of the same cells. Therefore, it will be
interesting to find the mechanisms of this differential behaviour of tamoxifen

in the regulation of growth and invasion.




References 236

References

Albini, A., Graf, I., Kitten, G.T., Kleinman, H K., Martin, G.R., Veillette., A.
& Lippman, MLE. (1986). 178 Estradiol reguluates and v-Ha-ras wansfection
copstitutively enhances MCF-7 breast cancer cell interaction with basement

membrane, Proc, Nail. Acad. Sci. USA, 83, 8182-8184.

Albini, A., Melchiori, A., Santi, L., Liotta, L.A., Brown, P.D. & Stctler-
Stevenson, W.G. (1991). Tumour ccll invasion inhibited by TIMP-2. Jorunal

of the National Cancer Institue, 83, 775-779.

Albo, D., Berger, D.H., Wang, T.N., Hu, X., Rothman, V. & Tuszynski, G.P.
(1997). Thrombosbondin-1 and transforming growth factor-betal
promatebreast tumour cell invasion through upregulation of the

plasminogen/plasmin system. Surgery, 122, 493-500.

Andreusen, P.A., Georg, B., Lund, L.R., Riccio, A. & Stacey, S.N. (1990).
Plasniingen activator inhibitors: hormonally reguiated serpins. Molecilar and

Cellular Endocrinology, 68, 1-19,

Andreasen, P.A., Riccio, A., Welinder, K.G., Douglas, R., Sartorio. R..
Nielsen, L.S., Oppenheimer, C., Blasi, F. & Dano. K. (1986). Plasminogen
activator type-1: reactive center and amino terminal heterogeneity determined

by protein and cDNA sequencing. FFEBS Lett, 209, 213-218.

Appella, E., Robinson, E.A.. Steven, L.U., Stoppelli, M.P., Corti, A., Cassani.

G. & Blassi, F. {1987). The Receptor-Binding Sequence of Urokinase: A

biological function for the growth factor module ol proteascs. The Journal of

Biological Chemistry, 262, 4437-4440.

Arnoletti, J.P., Albo, D,., Granick, M.S., Solomon, M.P., Castigioni, A..

Rothman, V.L. & Tuszyaski, G.P. (1995). Thrompospondin and transforming

A




References 237
growth factor beta-1 increase expression of urokinase-type of plasminogen
activator and plasminogen activator inhibiter-1 in human MDA-MB-231

breast cancer cells, Cancer, 76, 998-1005.

Bacharach, I%., Itin, A. & Keshet, L. (1992). fn vivo patterns of cxpression of
urokinase and its inhibitor PAI-1 suggest a concerted role in regulating

physiological angiogenesis. Proc Natl Acad Sci USA, 89, 10686-10690.

Baker, I.B., Low, D.A., Simmer, R.L. & Cunningham, D.D. (1980). Protease-
nexin: A celinlar component that links thrombin and plasminogen activator

and mediates their binding cells. Cell, 21, 37-45,

Bao, L., Matsumura, Y., Baban, D., Sun, Y. & Tarin, D. (1994), Effects of
inoculation site and matrigel on growth and metastasis of human breast cancer

cells. Br. . Cancer, 70, 228-232,

Barendsz-Janson, AF., Muller, A.D., Lichtenbeld, H.H., Dam-Mieras, M.C.V.
&z Hillen, HL.F. {1998). Cellular artrangement of human breast cancer cell lines

determines hemostatic parameters. Tiwgnowr Biof, 1%, 104-112.

Bassat, P., Bellocq, 1.P., Wolf, C., Stoil, 1., Huun, P.. Limacher, J.M.,
Podhajcer, O.L., Chenard, M.P., Rio, M.C. & Chambon, . {1990). A novel
metalloprotincasc gene specitically expressed in stromal cells of breast

carcinomas. Nature, 348, 699-704,

Batteiger, B., Newhall, W.J. & Jones, R.B. (1982), J Inununol Methods, 55,

297-307.

Beatson, G.T. (1896). On the treatment of inoperable cases of carcinoma of
the mamma: suggestions for a new method of treaunent with ilustrative cases.

Lancet, ii, 104-107 and 162-165.

B B T AL 2 R T & B




Relerences 238
Behrendt, N., Plough, M., Patthy, L. e/ «f. (1991). 'T'he ligand binding domain
of the cell surtace receptor for urckinase-type ol plasminogen activator,

Journal of Biological Chemistry, 266, 7842-7847,

Benson, I.R. & Colletta, A.A. (1993}, Translorming Growth Faclor 3
Prospects for cancer prevention and treatment. Clin. Iminunothe rapeurics, 4,

249 -258.

Bissell, M.J, & Werb, Z. (1995). Introduction: Basic science aspects of breaasl

cancer. Seminars in Cancer biology, 6, [17-118.

Blackwood, M.A. & Weber, B.L. (1996). Recent advances in breast cancer

biology. Currrent Opinion in Oncology 8, 449-454.

Blasi, F. (1988). Surface rcceptors for urokinase plasminogen aclivator.

Fibrinolysis, 2, 73-84.

Blasi, F. (1993). Molecular mechanisms of protease-medialed tumor

invasiveness. Journal of Surgical Oncology Supplement, 3, 21 23,

Blasi, F., Behrendt, N., Cubellis, M.B., Lund, L.R., Masucci, M.T., Moller,
L.E., Olson, D.B., Pederscn, N., Plough, ¥., Ronne, E. & Duno, K. (1990).
The urokinase receptor and regulation of cell surface plasminegen activation,

Cell Differentiation and Development, 32, 247-254.

Blasi, F.. Stoppelli, M.P. & Cubellis, M. V. (19806). The receptor [or urokinase -

plasminogen activator. Journal of Cellular Biochemistry, 32, 179-186.

Blasi, F., Vassalli, ].D. & Dano, K. (1987). Urokinase type plasminogen
activator: proenzyme, receptors and inhibitars. Journal of Cell Bology, 104,

801-804.

Bliss, R.D., Kirby, J.A., Browell, D.A, & Lennard, T.W.]. (1996}. Inhibition

of endothelial adhesion and invasion by breast carcinoma cells may conuibute




References 239
towards the anti mctastatic effects of tamoxifen. European Jowrnul of Surgical

Oncology, 22, 27-33.

Bouchet, C., Spyratos, F., Maryin, P.M., Hacene, K., Gentile, A. & Oglobine,
J. (1994). Prognostic value ol urokinasc-type plasminogen activator (uPA) and
plasminogen activalor inhibitors PAL-l and PAI-2 in breast carcinomas.

British Journal of Cancer, 69, 398-403.

Bourhis, X.D.-L., Lambrecht, V. & boilly, B. (1998). Transtorming growth
factor beta | and sodium butyrate differentially modulate urokinase type of
plasminogen activator and plasminogen activator inhibitor-1 in liuman breast

normal and cancer cells. British Journal of Cancer, 77, 396-403.

Royle, P. & Leake, R. {(1988). Progress in understanding breast cancer:
epidemiological and biological interactions. Breast Cancer Research and

Treatment, 11, 1-21.

Bradford, M.M. {1976). A rapid and sensitive method for the quantitation of
microgranl quantities of protein utilising the principal of protein-dye binding.

Analytical Biochemistry, T2, 248-253.

Braga, C., Negri, E., Vecchia, C.L., Filiberti, R. & Franceschi, S. (1996).
Cigaretle smoking and the risk of breast cancer. Eur J Cancer Prev, 5, 159-

164.

Brunncr, N., Pyvke, C., Hansen, C.H., Romer. J., Hansen, J.G. & Dano, K.
(1994). Urokinase plasminogen activator [uPA] and 1ts type-1 inhibitor
[PAI_1}: rcgulators of proieolysis during cancer invasion and prognostic

paramelers in breast cancer. Cancer Treatment Res. 71, 299-309.

Cabot, M.C., Zhang, Z. & Giuliano, A.E. (1995}. Tumoxifen elicits rapid
transmembranc lipid signal responscs in human breast cancer cells. Breast

Cancer Research and Treatment, 36, 299-306.

K




References 240
Cajot, LI, Bawmat, J., Bergonzelli, G.E., Kruithof, E.K.Q., Medcalf, R.L.,
Testuz, J. & Sordat, B. (1990). Plasminogen-activator inhibitor type-1 is a
potent natural inhibitor of extracellular matrix degradation by fibrosarcoma

and colon carcinoma cells. Proc. Nail. Acad. Sci. U7SA, 87, 6Y39-6943,
Campaign, C.R. (1996). Breasi Cancer Siatistics.

Campbell, P., Novak, J.F., Yanosick, T.B. & Memaster, JIH. (1992).
Involvement of the plasmin system in dissociation of the insulin-like growth

factor-binding protein complex. Endocrinology, 1360, 1401-1412.

Cappelleti, V., Ruedl, C., Miodini, P., LFioravanti, Coradini, D.. Fronzo, G.D.
& Silvestrini, R. (1993). Paracrine interaction of co-culture of hormone-
dependent and independent breast cancer cells. Breast Cancer Reasearch and

Treatment, 26, 275-281,

Carruba, G.. IL.eake, R.T:,, Rinaldi, F., Chalmers, 1., Comito, L., Sorci, C.,
Pavone-Macaluso, M. & Castagnetta, L.AM. {1994}, Steroid-growth factor
interaction in human prostate cancer.l.Short term cffects of wanslorming
growth factors on growth of human prostate cancer cells. Steroids, 59, 412-

420.

Cavenece, W.K. & White, R.L. (1995). T'he genetic basis ol cancer. Scientific

American, 50-57.

Chapman, H.A. {1997). Plasminogen activators, integrins, and the coordinated
regulation of cell adhesion and migration. Current Opinion in Cell Biofogy. 9,

714-724.,

Cho, J.Y., Chung, H.C., Noh, S.h., Roh, I.LK., Min, .5, & Kiw, B.S. (1997).
High level of urckinase type plasminogen activator is a new prognostic marker

in patients with gastric cancer. Cancer, 79, 873-883.




References 241
Chucholowski, N., Schmitt, M., Reltenberger, P., Schuren, E., Moniwa, N.,
Gorelzki, L., Wllhelm, O., Weidle, U., Janicke, . & Graefl, 11. (1992). Flow
cylofluorometric analysis ol the urokinase receptor (WPAR) on tumour cells by
[tuorescent uPA ligand or monoclonal antibody (suppl.}) Fibrinoivsis, 4, 95-

102.

Clarke, R., Dickson , R.B. & Lippman, M.E. (1992). Hormonul aspects of

breust cancer: Growth factors, drugs and stromal interactions. Critical Reviews

in Oncology/Hemaiology, 32, 1-23.

Clarke, R., Thomson, E.W., Leonessa, F., Lipmann, J., McGravey , M.,
Frendsen, T.L. & Brunner, N. (1993). Hormonal resistence, invasiveness, and
metastatic potential in breast cancer. Breast Cancer Research and Treatment,

24, 227-239.

Conese, M. & Blasi, F. (19953a). Urokinasefurokinase rcceptor system:
Internalization/degradation of urokinasc-serpin complexes: Mechanism and

regulation. Biol. Chem. Hoppe-Seyler, 376, 143-155.

Conese, M. & Blasi, F. (1995b). The urokinase/urokinase-rceeptor system uncd

cancer invasion, Baifliere’s Clinical Haematology. 8, 365-389.

Conese, M., Olson, D. & Blasi, F. {(1994), Prolease nexin-f-urokinase

complexes are internalized and degraded through a mechanism that requires

both urokinase receptor and a2-macroglobulin receptor. The Jowrnal of

Biological Chemistry, 269, 17886-17892.

Crawford, D.J., Cowan, S., Fitch, R., Smith, R., Smith, D.C. & Lecuke, R.E.
(19%7). Stability of estrogen receptor status in sequential biopsies from

patients with breast cancer. Br J Cancer, $6, 137-140.

S TR I R :




Relerences 242
Cubellis, M.V., Andreasen, ., Rungo, ., Maycr, M., Dano, K. & Blasi, ¥.
(1989). Accessibility of receptor-bound urokinase to type-1 plasminogen

activator inhibitor. Proc. Natl. Acad. Sci., 86, 4828-4832.

Cubellis, M.V., Wun, T.-C. & Blasi, F. (1990). receptor mediated
internalization and degradation ot urokinase is cansed by its specific inhibitor

PAI-1. The EMBO Journal, 9, 1079-1085.

Cufer, T. (1995). Prognostic factors in breast cancer. Radiol. Oncol., 28,311 -

317,

Dano, K., Andreasen, A., Grondahl-Hensen, J., Kristensen, P., Nielsen, L.S. &
Skriver, L. (1985). Plusminogen activators, tissue degradation, and cancer.

Advances in Cancer Research, 44, 139-266.,

Dano, K., Behrendt, N, Bruaner, N., Ellis, V., Ploug, M. & Pyke, C. (1994).
The urokinase receptor: Protein structire and role in plasiminogen activalion

and cancer invasion. Fibrinolysis, 8, 189-203.

Dcl-Rosso, M. clL al., (1990). Role of specific membrane receptors in
urokinase-dependent migration of human karatinocytes. J Invest Dermatol, 94,

310-316.
Derynek, R, (1994). TGF-} -receptor medialed signating. 17535, 19, 548-553.

Desruisseau, S., Ghazarossian-Ragni, E., Chinot, O. & Martin, £.-M, (1996}
Divergent effect of TGF3! on growth and proteelytic modulation of human

prostatic cancer cell lines. int. J. Cancer, 66, 796-801.

Dickson, R.B., Thompson, E.W. & Lippman, M.E. (1989). Hormones and

breast cancer /n vitro, Human cell, 2, 219-230.




References 243
Dickson, R.B., Thompson, EEW. & Lippman, M.E. (1990). Regulation of
prolifcration, invasion and growth factor synthesis in hreast cancer by steroids.

J Steroid Biochem Molec Biol, 37, 305-316.

Dong, X.-F., Berthois, Y. & Martin, P.M. (1991). Eitect of epidermal growth
factor on the proliferation of human epithelial cancer cell fines: Correlation

with the level of occupied EGF rcceptor. Anticancer Research, 11, 737-744.

Dosne, A.M., Beaupain, R. & Samama, M. (1991). Tumour necrosis factor
stimulates urokinasc type of plasminogen activatorand inhibitor type-|
production in A549 Jung carcinoma cells: freatment of monoliyer and

tridimentional cultures. Seminars in Thrombosiy hemaostasis, 17, 240-245.

Pufty, M.J. (1987). Do proleascs play a role in cancer invasion and

metastasis? Eur j cancer clin oncol, 23, 583-589.

Duffy, M.J. (1992). The role of proteolytic enzymes in cancer invasion and

metastasis. Clinical and experimental metastasis, 10, 145-155.

Dufly, M., Brouillet, J.P., Reilly, D., McDermott, E., O'Higgins, N.. I'enelly,
1.J.. Maudelonde, T. & Rochefort, H, (1991). Cathcpsin D concentration in
breast cancer cytosols: correlation with biochemical, histological and clinical

(indings. Clinical Chemistry, 37, 101-104.

Duffy, M.J., Duggan. C., Muguire, T., Mulcahy, K.. Eivin, ., McDermotl. E.,
Fennelly, J.J. & O'Higgins, N. {1996). Urokinase plasininogen activator as a

predictor of aggressive diseasc in breast cancer. Enzyme Protein, 49, 85-93.

Duffy, M.J., Duggan, C., Mulcahy, H.I%., McDermott, £.W. & O'Higgins, N.J.
{1998), Urokinase plasminogen activator: a prognostic marker in breast cancer
including patients with uxillary node negative disease. Clin Chem, 44, 1177 -

1183.




References 244
Duffy, M.I., O’ Grady, P., Devaney, 1., O’Siorain, 1., Fennelly. J.J. & Lijnen,
H.R. (1988). Tissue type plasminogen activator, & new prognostic narker in

hreast cancer. Cancer Research, 48, 1348-1349,

Dufty, M.J., Reilly, D., McDermott, E., O'Higgins, N., Fennelly, J.J, &
Andreasen, P.A. (1994), Urokinase type of plasminogen activator as a
prognostic marker in different subgroups of patients with breast cancer.

Cancer, T4, 2276-2280.

Duily, M.J., Reilly, D., O'Sullivan, C., O’Higgins, N., tenneclly, LJ. &
Andreasen, P. (1990). Urokinase plasminogen activator, a new and
independent prognostic marker in breast cancer. Canicer Research, 50, 6827-

0829,

Duggan, C., Kennedy, S., Kramcr, M.D., Barnes, C., Elvin, P., McDermott, E.,
O’ Higgins, N. & Duffy, M.J. (1997). Plasminogen activator inhibitor type 2 in
breast cancer, Br J Cuncer, 76, 622-627.

Gllis, V., Beluendt, N. & Dano, K. (1991). Plasminogen aclivation by
receptor-bound urokinase. Journal of Biological Chemistry, 266, 12752-

12758,

BEltis, V. & Dano, K. (1991). Plasminogen activalion by receptor bound

arokinase. Seminars in Thrombosis and Hemeostasis, V7, 194-200.

Ellis, V., Scully, ML.F. & Kakkar, V.V. (1989). Plasminogen Activation
Initiatcd by Singe-Chain Urokinase-type Plasminogen Activator. Journal of

Biological Chemistry, 264, 2185-2188.

Ellis, V., Wun, [, Behrendt, N., Ronne, E. & Dano, K. {1990). Inhibition of

Receptor-bound Urokinase by Plasminogen-activator Inhibitors. Journal of

Biological Chemistry, 268, 9904-9908.

TR




References 245
Emeis, J.J. (1985). Fast hepatic clearance of ptasminogen activator inhibitor.

Thromb Haemost (abstract 01359}, 54, 230).

Erickson, L..A., Ginsberg, M.H. & Loskutoff, D. (1984). Detection and partial
chracterization of an inhibitor of plasminogen activator in human platelets. J

Clin Invest, 74, 1465-1472.

Farina, A., Coppa, A., Tiberio, A., Tacconelli, A., Turco, A., Colletta, G.,
Gulino, A. & Mackay, A. (1998). Transforming growth [actor B-1 enhances
the invasivencss of human MDA-MB-231 breast cancer cells by up-regulating

urokinase activity. Int. J. Cancer, 2, 721-730.

Farina, A.R., Teberio, A., Tacconelli, A., Cappabianca, L., Gulino, A. &
Mackay, A.R. (1996). ldentilication ol plasminogen in matrigel and its
activation by reconstitution of this basement membrane cxtract.

BioTechniques, 21, 904-909.

Felsenfeld, D.P., Choquet, D. & Sheetz, M.P. {1996). Ligand binding regulates

the dirccted movement ol B1 integrin on fibroblasts. Naiure, 383, 438-440.

Ferno, M., Bendahl, P.0., Hirschberg, L., Olsson, H. & Killander. D, {19946).
Urokinase type of plasminogen activator, a s(rong independent prognostc
factor in breast cancer, analvsed in steroid receptor cytosols with a

luminometric immunoassay. Europeun Jowrnal of Cancer, 32, 793-801.

Flaumenhaft, R., Abe, M., Mignatti, . & Ritkin, D.B. (1992). Journal of Cell
Biology, 118, 901-909.

Foekens, J.A., Buessecker, F., Peters, H.A., Krainick, 1., Putten. W L.J.V.,
Look, M.P., Klijn, J.G.M. & Kramer, M.1J. (1995). Plasminogen Activalor
lnhibitor-2: Prognostic Relevance In 1012 Patients With Primary Breast

Cancer. Cancer Research, 55, 1423-1427.

N
.51
y
i
i
gt
H

B
.

B T T P R




Relcrences 246
Foekens, J.A., Schmill, M., van Putten, W.L., PPcters, H A, Boutenbal, M.,
Fanicke, F., & Klijn, 1.G. (1992). Prognoslic value of urokinase-type
plasminogen activator in 671 primary breast cancer patients. Cuncer Research

52,6101-6105

Folkman, J. (1990). What is the evidence that lumors are angiogenecsis?

Journal of the National Cancer Institute, 82, 4-6.

Foucre, D., Bouchet, C., Hacene, K., Schneider, N.P., Gentile, A., Martin.
P.M., Desplaces, A. & Oglobine, J. (1991). Relationship belween cathepsin D,
urokinase, and plasminogen activator inhibitors in malignant vs benign

tumors. Br. J. Cancer, 64, 926-932.

Fukao, I1., Tanaka, N., Ueshima, S., Okada, K., Yasutomi. M. & Matsu, O.
(1991). Plasminogen Activator Inhibitor in Stomach and Colorectal

Carcinomas. Sentinar in Thombosis and Hemostasis, 17, 276-279.

Gandolfo, G.M., Conti, .. & Vercillo, M. (1996). Fibrinolysis components as
prognostic markers in breast cancer and colorectal carcinoma. Anticancer Res,

16, 2155-2159.

Goretzki, L., Schmitt, M., Mann, K.H,, Calvete, I., Chuchoiowski, N.,
Kramer, M., Gunzler, W.A., Janicke, ¥. & Graeff, H. (1992). FEBS Lerter.

297, 112-118.

Graham, C.H. (1997). Effect of transforming growth [actor } on the
plasminogen activator system in cultured first trimester human

cytotrophoblasts. Placenia, 18, 137-143.

Graham, C.H. & Lala, P.X. (1991). Mechanism of control of trophoblast

invasion in sitw. Journal of cellular physioloyy, 148, 228-234.




References 247
Graham, C.H. & Lala. P.k. (1992). Mechanism of placental invasion of the

uterus and their control, Biachem. Cell Biol., 76, 867-874.

Grebenshikov, N.. Guerts-Moespot, A., Witte, 11D, [leuvel, J.. Leake, R.E.,
Sweep, F. & Benraad, T. (1997}. A sensitive and robust assay for urokinase
and tissue-type activators (UPA and tPA) and their inhibitor type | (PAI-1) in

breast tumour cytosols. Int J Biol Markers, 12, 6-14.

Grondahl-Hansen, Agetlin, N., Larsen, P.M., Bach, I"., Nielsen, L.S,,
Dombernowsky, P. & Dano, K. (1988). Scasitive and specific enzyme-linked
immunosorbent assay for urokinasc-type plasminogen activator and its
application to plasma from patients with breast cuncer. /. Lah. Clin. Med.,

111, 42-51.

Grondahl-Hansen, I., Christensen, L[, Braind, P., HPappol. Mouridscn, H. 1T,
Blicher-Toft, M., Dano, K. & Brunner, N. (1997a). Plasminogen activator
inhibitor type 1 in cytosolic tumour exlracts predicls prognosis in low risk

breast cancer patient. Clinical Cancer Reseurch, 3, 233-239.

Grondahl-Hansen, J., christensen, LJ., Rosenquist, ., Brunncr, N..
Mouridsen, H.T., Dano, K. & Blichert-Toft, M. {1929%), High levels of
urokinase type of plasminogen activator and its inhibitor PAI-I In cytosolic
extracts of breast carcinomas arc associated with poor prognosis. Cuncer

Research, 83, 2513-2521.

Grondahl-Hansen, J., Hilsenbeck, S.G., Christensen, 1.J., Clark, G.M.,
Osborne, C.K. & Brunner, N. (1997b). Prognostic significance of PAI-1 and
uPA in cytosolic extracts obtained from node-positive breast cancer palients.

Breast Cancer Res Treat, 43, 153-163.

Grondahl-Hansen, J., Peters, H.A., Putten, W.L.J.v., Look. M.P., Pappot. H.,

Ronne, E., Dane, K., Klijin, I.G.M., Brunner, N. & Foekens, LL.A. (19935).




References 248
Prognostic significance of the receptor for urokinase plasminogen activator m

breast cancer. Clinical Cancer Research, 1, 1079-1087.

Grondahl-Hansen, [., Raitkiser, E., Kitkeby, L.T., Kristensen, P., Lund, L.R.
& Dano, K. (1991). Localization of urokinase type of plasminogen activator in
stromal cells in adenocarcinomas of the colon in humans. Am. J. Parhology.

138, 111-117.

Guidice, L.C. & Saleh, W. (1995). Growth factors in reproduction. TEM, 6,
60-69.

Gunzler, W., Steffens, G.J., Otting, F., Buse, G. & [Flohe, L. (1982a).
Stractural rclationship between high and low molecular mass urokinases.

Hoppe-Sevier's 7. Physiol. Chemi., 363, 133-141.

Gunzler, W.A., Steffens, G.J., Otting, F., Buse, (G. & Flohe. 1.. (1982b). THe
primary strocture of high molecular mass urekinase [rom human urine. Tlle
complete amino acid sequence of the A chain. Hoppe-Sevier's £ Physiol.

Chem., 363, 1155-1165.

Hachiya, T., Nakano, H., Wake, N. & Sucishi, R. (1993}, In-viuvo mvasiveness
of human breast cancer cells through plasminogen activator activily
independently regulatcd by hormones and transforming growth factor-Bl. The

Cancer Journal, 8, 13-20,

Hankey, B. (1992). . In Cancer statistics review: [1973-1989, Miller, B., Ries,
L. & Hankcy, B. (eds). NTH publication no. 92-2789: Bethesda, MDD National

Cancer Institute.

Hankinson, S.E. & Stampfer, M.J. (1997). Estrogens and breast cancer. Salud

Publica Mex, 3%, 370-378.




References 249
Heidtmann, H.H., Hofmann, M., Jaccb, E., Erbil, C. & Havemann, K. (1989).
Synthesis and secretion of plasminogen activatorsand plasminegen activator
inhibitors in cell lines of different groups ol human lung tumours. Cancer

Research, 49, 6960-6965.

Hekman, C.M. & Loskutoff, D.J. (1985). Endothclial cells produce a fatent
inhibitor of plasminogen activalors that can be activated by denaturants.

Journal of Biological Chemistry, 260, 11581-11587.

Herz, 1., Cloutheir, D.E. & Hammer, R.E. (1992). LDL receplor-related
protein internalizes and degrades uPA-PAI-1 complexes and is essential for

embryo implantation. Cell, 71, 411-421.

Hildenbrand, R., Dilger, 1., Horlin, A. & Stutte, H. (1995a). Urokinase and

macrophages in tumor angiogenesis. British journal of Cancer, 72, 818-823.

Hildenbrand, R., Dilger, 1., Harlin, A. & Stutte, H.J. (19950b), Urokinase
plasminogen activator induces angiogenesis and tumor vessel invasion in

Breast Cancer. Path. Res. Pract., 191, 403-409.

Hildenbhrand, R., Jansen, C., Wolf, G., Bohme, B., Berger, S., Minckwitz,
G.v., Harlin, A., Kaufmann, M. & Shutte, H.J. (1998), Tranforming growth
factor -bela stimulaltes urokinasc expression in (umour associated

macrophages of the breast. Lab Invest, 78, 59-71.

Hill, R.E. & Hastie, N.D. (1987). Accelerated evoiulion in the reactive cenire

regions ol serine protease inhibitors. Nature, 326, 96-99.

Hollas, W., Blassi, F. & Boyd, D. (1991). Role of the urokinase receptor
facililaling extracellular matrix invasion by cultured colen cancer. Cancer

Research, 51, 3690-3695,




Relerences 250
Holst-Hansen, C., Johannessen, B., Hoyer-Hensen, G., Romer, 1., Ellis, V., &
Brunner, N. (1996). Urokinase type of plasminogen activation in three human
breast canccr cell lines couwrelates with their /n vitro invasivencess. Clin Fxp

Meiastasis, 14, 297-307.

Imai, Y., Clement, K. & Henry, G. (1982). Epidermal growlh factor receptors
and effect of epidermal growth factor on growth ol human breast cancer cells

in ling term tissue culture. Cancer Research, 42, 4394-4398.

Irving, JLA. & Lala, P.K. (1995). Funclional rele of cell surface integring on
human trophoblast cell migration: Regulation by TGFp, IGF-11, and IGFBP-

L. Experimental Cell Research, 217, 419-427.

Janicke, F., Schmuitt, M. & Graeff, H. (1991). Clinical relevance of the
urckinase type and tissue-type plasminogen activators and of their type-]

inhibitor in breast cancer . Semin. Thromb Haemost, 17, 303-312.

Janicke, F., Schmitt, M., Hafter, R., Hollrieder, A.. Babic. R., Ulm. K.,
Gossner, W. & Graeff, I1. (1990). Urokinasc type of plasminogen activator
(uPA) antigen is a predictor of carly relapse in breast cancer. Fibrinolysis. 4,

69-78.

Janicke, F., Schiitt, M., Pachc, L., Ulm, K.. Harbeck, N., Hofler, I, &

Graeff, H. (1993). Urokinasc (uPA) and its inhibitor PAI-1 are strong and

independent prognostic factors in node-ncgative breast cancer. Breast Cancer

Research and Trearment, 24, 195-208.

Jarrard, D.F., Blitz, B.I'., Smith, R.C., Patai, B.1.. & Rukstails, D.B. (1994},
Effect of cpidermal frowth factor on prosiate cancer cell line PC3 growth and

invasion. The Prostate, 24, 46-53,




Refercuces 251
Johnson, M.D., Torri, J.A., Lipmann, M.E. & Dickson, R.B. {1993). The role
of cathepsin D in the invasiveness of himan breast cancer cells. Cancer

Research, 53, 873-877.

Kanse, S., Kost, C., Wilhelm, Q., Andreasen, P.A. & Preissner, K. T. (1996).
‘The arokinase rceeptor is the major vitronectin-binding protein on endothelial

cells. Exp. Cell Res, 224, 344-353.

Katzenellenbgen, B.S., Montano, M.M., Goll, P.I.., Schodin, D.)., Kraus,
W.L., Bhardwaj, B. & Fujimoto, N. (1995). Anliestrogens: Mechanisms and

Actions in Target Cells. /. Sreroid Biochem. Molec, Riol., 33, 387-393.

Kelsey, J.L. & Whittemore, A.S. ([994). Epidemiology and primary
prevention of cancers of the breast, cndometrium and ovary. A brief overview.,

Ann epidemiol, 4, §9-95.

Keski-Oja, Blasi, F., Leof, E. & Moses, H. (1988). Regulation of the synthesis
and activity of urokinasc plasminogen activator in A549 homan lung
carcinoma cells by transforming growth factor 3. J Cell Biology. 106, 451-

459.

Khanson, K.P., Bershtein, L.M., lmianitov, FE.N., Tsyrlina, E.V. &
Semiglasov, V.I. (1998). Molecular biological and hiochemical leatures of

breast cancer, Vestnn Ross Akad Med Nawk, 1, 15-19.

Khokha, R., Waterhouse, P., Yagel, 8. & Lala, P.K. {1989). Antisense RNA-
induced reduction in murise TIMP levels confers oncogenicily on Swiss 3T3

cells. Sciernce, 243, 947-950,

Kichheimer, J.C., Wojta, }., Hienert, G., Christ, G., lleger, MLE., Pfluger, H.
& Binder, B.R. (1987). Effect of urokinasc on the proliferation of human

prostatic cells. Thrombosis Research, 48, 291-298,

3

R TE TP LT Y

u




References 252
Kirby, D.R.S. (1965). The “invasivencss”™ ol the wrophoblast. In The Earlv
Conceptuy, Normal and Abnormal, Park, W.W. {ed) pp. 68-74. University of

St. Andrews Press: Edinburgh.,

Klijn, 1.G.M., Berns, P.M.J.J,, Schmitz, P.LM. & Foekens. LA. {(1992). The
clinical significance of epidermal growth factor receptor (EGF-R) in human

breast cancer:Areview on 5232 patients. Endocrine Reviews, 13, 3-15.

Knabbe, C. & Zugmaicr, G. (1994). Expression of transforming growth factor-

B in breast cancer. Endocrine-Related Cancer, 1, 5-17.

Knudsen, Olesen, T., Riccio, A., Ungaro, P., Christenscu, L. & Andreascn,
P.A. (1993). A common response element mediates diffeccntial effects of
phorbol esters and forskolin on type-1 plasminogen activator inhibitor genc
expression in human breast carcinoma cells. Ewropean Journal of

Biochemistry, 220, 63-74.

Kobayashi, H., Fujishiro, 8. & Terao, T. (1994). Impact ol wrokinase tvpe of
plasminogen activator and its inhibitor plasminogen activator inhibitor type-1
on prognosis in cervical cancer of the uterus. Cuncer Research, 54, 6539-

6548.

Kobayashi, H., Ohi, H., Sugimura, M., Shinohara, H., fujji. 1. & Terao, I
(1992). Inhibition of In virre ovarian cancer cell invasion by modulation of
urokinase-type plasminogen activator and cathepsin B. Cancer Research, 52,

3610-3614.

Kobayashi, H., Schmitt, M., Goretzki, 1.., Chucholowski, N., Caivete, J.,
Kramer, M., Gunzier, W.A., Janicke, F. & Graeff, H. (1990). Jouwrna! of

Biological Chemistry, 266, 5147-5152.




References 233
Kohler, U., Hiller, K., Martin, R., Langanke, D., aumann, G.N., Bilek, K.,
Janicke, F. & Schmitt, M. (1997). Tamour associated protealytic factors uPA

and PAI-1 in endometrial carcinoma. Gynccol Oncol, 66, 208-274.

Kruithof, E.K.O., Nicolosa, G. & Bachmann, F. (1987). Plasminogen uctivator
inhibitor-1: Development of a radioimmunocassay and observalions on its
plasma concentration during venous occlusion and alter plalelel aggregatian.

Dlood, 76, 1645-1653.

Kuller, T..FL. (1995). The etiology of breast cancer--From cpidemiology to

prevention. Public Health Reviews, 23, 157-213
Laemmli, U.K. (1970). Nature, 227, 680-685.

Laiho, M. & Qja, J.K. (1989). Growth factors in the regulation of pericellular

proteolysis:a review. Cancer research, 49, 2533-2553,
Lala, P.X. & Graham, C.H. (1990). Cancer Metastasis Review, 9, 369-379,

Lambrecht, V., Boilly, B. & Bourhis, X.L. {1998). Regulanon of cell
proliferation and urokinase plasrninogen activation of human breast epithelial

cells by carrageenans. Inf J Oncol, 12, 1397-1401,

Leake, R. (1997). Prediction of hormoue sesnsitivity-the receptor years and

onwards. Endocrine-Related Cancer, &, 289-296.

Leake, R.E. & Habib, F. (1987). Steroid hormone receptor: assay and
characterisation. In Steroid hormones: a Practical Approach, Green, B. &

Leake, R.E. (eds) pp. 67-92. IRI. Press: Ox{ord.

Leake, R.E., Laing, L., McCardle, C. & Smith, D.C. (1981). Seluble and
nuclear oestrogen receptor status in human breast cancer in relation to

prognosis. British Journal of Cancer, 43, 66-7).




Reterences 254
Leinster, S.1. (1998). Impact of molecular biology on the clinical management

of breast cancer. Bivchemn Soc Symyp, 03, 185-191.

Levin, E.G. & Sanlell, L. (1987). Conversion of the active to latent
plasminogen activator inhibitor from human endothelial cells. Blood. 70,

1090-1098.

Li, S., Martel, C., Dauvaois, S. & Belanger, A. (1994). Elfcet of estrone on the
growth of 7,12-dimethylbenz (a) anthracenc-induced mammary carcinoma in
the rat: A model of postmenopausal breast cancer. Endocrinology, §34, 1352-

1357,

Liouta, L.A. (1992). Cancer Cell Invasion and Metastasis. Scientific American,

Feb, 34-41.

Liotta, L.A,, Steeg, P.5. & Stetler-Stevenson, W.G. (1991). Cancer meLastasis
and angiogenesis: An itubatance of positive and negative regulation. Cell, 64,

327-336.

Liotta, L.A. & Stetler-Stevenson, W.G. (1991}, Tumour invasion and
metastasis: a balance of positive and negative regulation. Cancer Research

(suppl), 81, 50545-5059s.

Liu, G., Shuman, M.A. & Cohen, R.L. (1995). Co-expression of urokinaase,
urokinasc receptor and PAI-1 is necessary for optimum invasiveness ol

cultured lung cancer cells. Int. J. Cancer, 60, 501-306.

Lochter, A. & Bissell, M.J. (1995). Involvement of extraceHular matrix

constituents in breast cancer, Seminars in Cancer Biology, @, 165-173.

Long, B.J. & Rose, D.P. (1996). Invasive capacily and regulation of Urokinase

-type plasminogen activator in estrogen receptor (ER)-negative MDA-MB-231

E T e, P migs




B S N AR 3 NG LTS TR WV AR TR 3ty o 1o

References 253
human breast cancer cells, and a transfectant (S30) stably rxpressing ER.
Cancer Letters, 99, 209-215.
l.onning, P.E., Hall, K., Aalvaag, A. & Lien, E.A. (1992), Influence of
tamoxifenon plasma tevels of IGF! and IGFBPI in breast cancer patients.

Cuancer Res, 52, 4719-4723,

Lund, L.R. (1996). Expression of urokinasc type ol plasminogen activator, its
receplor and type-| plasmynogen activator inhibitor is dilferently regulated by
inhibitors of protein synthesis in hwoan cancer cell ines. FEBYS Lert, 383, 139-

144,

Lund, L.R., Eriksen, J., Raltkiaer, E. & Romer, 1. {{996). Diffcrential
expression of urokinase type of plasminogen aciivator, its receptor, and

mhibitors it mouse skin afley exposute to a tumour-promoling phorbol ester. J
Invesr Dermatol, 106, 62-630.

Lund, L.R., Riccio, A., Andereasen, P.A., Nielsen, LL.S., Kristensen, P., Laiho,
M., Saksela, O., Blast, F. & Dano, K. (1987), 'Ivansforming growth {acior-8 s
a strong and last acting positive regulator of the level of type-1 plasminogen

activator inhibitor mRNA in W I-38 huwman lung lbroblusts. The EMBO
Journal, 6, 1281-1286.

Lyons, R.M., Geatry, L.E., Purchio, A.F. & Maoses, H.L. (1990). Mechanisin
of activation of latent recombinant transforming growth factor 1 by plasmin.
Jorral of Cell Biology. 110, 1361-1367,

M-y-Lopez, R. & Ossowski, L. (1987). Horomonal modulation of

plasminogen activator: an approach to prediction of human breast tumor

responsivencss, Cancer research, 47, 3558-3564.

Malone, K.E., Daling, J.R. & Weiss, N.S. (1993). Oral contraceptives in

relation to breast cancer. Fpidemiol Rev, 15, 80-97.




References 256
Marchant, D.I. (1994). Risk Tactors. Obstetrics and gynecology clinics of

North America, 21, 561-386.,

Martinez-Lacaci, 1. & Dickson, R.B. (1996). Dual regulation of (he Epidermal
growth factor family of growth factors in breast cancer by sex steroids and

protein kinase C. J. Steroid Biochem. Molec. Biol., 57, 1-11.

Masamura, S., Santaer, S.J., Heitjan, D.F. & Santen, R.J. (1995). Bstrogen
deprivation causes estradiol hypersensitivity in human breast cancer cells.

Journal of clinical endocrinology and metabolism, 80, 2918-2925,

Malrisian, L.M. (1990). Metalloprotcinases and their inhibitors in tissue

remodelling. 7/G, 4, 121-125.

Mignatti, P. & Rifkin, D.B. (1993). Biology and biochemistry of proteinases

in tumour invasion. Physiological reviews, 73, 161-198,

Mignalli, P., Robbins, E. & Rifkin, D.B. (1986). Tumour invasion through the
human amniotic membrane: requircment for a proteinase cascade. Cell, 47,

487-498.

Mira-y-lopez, R., Reich, E. & Ossowski, L. (1983). Modulation of
plasminogen activator in rodent mammary tumors by hormones and other

eflectors. Cancer Research, 43, 5467-5477.

Moll, S., Menoud, P.A., Fulpius, T., Pastore, Y., Takahashi, S., Fossati, L.,
Vassalli, J.D., Sappino, A.P., Schifferli, JA. & lzui, S. (1993). Induction of
plasminogen activator inhibitor type [ in murine Jupus-like

glomerulonephritis. Kidney International, 48, 1459-1468.

Moll, S., Schacren-Weimeers, N., Wohlwend, A., Postore, Y., Fulpius, T.,

Monard, D., Sappino, A.P., Schifferli, J.A., Vassalli, 1.D. & Jzui, S. (1996).




References 257
Protease nexin | in the murine kidney: glaomerular loculization and up

regulation in the glomerulopathies. Kidney International, 30, 1936-1945.

Morabia, A., Bernestein, M., Ruiz, J., Heriticr, S., Berger, S.D. & Borisch, B.
(1998). Relation of smoking to brcast cancer by estrogen receptor status. /ng J

Cancer, 15, 339-342,

Morton, D.M. & Barrack, E.R. (1995). Moduiation of transforming growth
lfactor beta 1 effects on prostate cancer cell proliferation by growth factors and

extracellular matrix. Cancer Research, 58, 2596-2602.

Moscatelli, D. & Rifkin, D.B. (1988). Membrane and matrix localization of
proteinases: a common theme in tumor cell invasion and angiogenesis.

Biochimica et Biophysica Acta, 948, 67-85.

Mottanen, J., Strand, A., Symersky, J., Sweet, R.M., Danley, D.E.,
Geoghegan, K.F., Gerard, R.D. & Goldsmith, E.J. (1992). Structural basis of

latency in plasminogen activator inhibitor-1. Nafure, 355, 270-273.

Mulcahy, H.E., Duffy, M.I., Gibbons, D.. MaCarthy, P.. Parfrey, N.A,
(' Donoghue, D.P. & Sheahan. K. {1994). Uokinase type plasminogen

activator and outcome in Dukes’ B colorcetal cancer. Lancer, 344, 583-581.

Murayama, Y. & Mishima, Y. {1993). New Cancer Strategy: Apotosis based

therapy by growth factors (Review). Oncology Reports, 2, 13-16.

Murphy, G., Koklitis, I, & Carne, A.F. (1989). Dissociation of tissue inhibitor
of metalloproteases (U'IMP) from enzyme complexes yields fully aclive

inhibitor. Biochem. Journal, 26%, 1031-1034.

Nakajima, M., Welch, D.R., Belloni, '"\N. & Nicholson, G.L. (1987).

Degradation of basement membrane type four collagen and lung




References 258
subendothelial mawix by rat mammary adenocarcinoma ceil clones of

differing metastalic potentials. Cancer Research, 47, 4869-4876,

Nekarda, H., Schmitt, M., Ulm, K., Wenninger, A., Vogelsang, [1.. Becker, K.,
Roder, I.D., I'ink, U. & Siewert, J.R. (1994). Prognostic impact of urokinase
type plsminogen activator and its inhibitor PAI-1 in completely resected

gastric cancer. Cancer Research, 54, 2900-2907,

Nicholson, S., Wright, C., Sainsbury, I.R.C., Fardon, J.R., & Harris, A.L.
{1990). Epidermal growth faclor receptor as a marker of poor prognosis in
node-negative breast cancer patients: nen and tamoxifen failure. Biochemistey

and Molecular Biology, 37, 811-814.

Noel, A., Pauw-gillet, M.C.D., Purnell, G., Nusgens, B.. Lapiere, CM. &
Foidart, Y. M. (1993). Enhancement of tumorigenicity of human breast
carcinoma cells in nude mice by matrigel and fibroblasts. Br. /. Cuncer, 08,

909-9135.

Nordiund, 1..A., Carstensen, J.M. & Pershagen, G. (1997}, Cancer incidence in
female smokers: a 26-year follow-up. International Journal of Cancer, 2773,

625-628.

Ny, T., Bjersing, L.. Hsueh, AJ.W. & Loskuto(f, D.J. (1985). Cultured
granulosa cells produce two plasminogen activators and an anbi-activafer, each

regulated differentially by gonadotrophins. Endocrinology, 116, 1666-1668.

QOka, T., Ishida, T., Nishino, T. & Sugimachi, K. (1991}
Immunohistochemical evidence of urokinase type of plasminogen wactivalor in
primary and metastatic tumours of pulmonary adenocarcinoma. Cuncer Res,

51, 3322-3525.




References 259
Olson, D.. Pollanen, 1., Hansen, G.H., Ronne, E., Sakaguchi, K., Wun, T.C.,
Appella, E., Dano, K. & Biasi, F. (1992). Internalization of the urokinase
-plasminogen activator inhibitor type-1 complex is medicated by the urokinase

receptor.Journasl of Bivlogical Chemistry, 267, 9129-9133.

Ossowski, L. (1988). In vive iavasion of modified choricallantoic membrane
by tumour cells: the role of cell surface-bound urokinase. Journai of Cell

Biology, 107, 2437-2445,

Ossowski, L., Biegel, D. & Reich, E. (1979). Mammary plasminogen
activator: Correlation with involution, hormonal modulation and comparison

between normal and ncoplastic tissuc. Cell, 16, 929-940.

Ossowski, I.. & Reich, E. (1983), Antibodics to plasninogen activator inhibit

human tumour metastasis, Cell, 35, 611-619.

Paget, S. (1889). The distribution of secondary growths in cancer of the breast.

Lancet, i, 571-573.

Pappot, FL. & Brunner, N. (1995). The plasminogen activation system and its

role in lung cancer. A review. Lung Cancer, 12, 1-12.

Parkin, D. & Nectoux, J. (1991). Is female breast cancer increasing? In
Approuches to breast cancer prevention, Stoll, B, (ed) pp. 13-33. Kluwer

Academic: Dordrecht, Netherlands.

Patthy, L. (1983). Evolution of the proteases of blood coagulation and

fibrinolysis by assembly from modules. Cell, 41, 657-6063.

Pedersen, A.N., Hoyer-Hansen, G., Brunner, N., Clark, G.M., Larsen, B.,
Paulsen, H.S., Dano, K. & Stephens, R.W. (1997). The complex between
urokinase plasminogen activator and its type-1 inhibitor in breast cancer

extracts quantitated by CLISA. J Immunol Methods, 203, 55-63. ,




References 260
Pedersen, H., Brunner, IN., Francis, D., Osterlind, K., Ronne. E., Hensen, H.H.,
Dano, K. & Grondahl-Hensen, I. (1994a). Prognostic impact of urokinase,
urokinase receptor, and type-1 plasminogen activator inhibitor in squamous

and large cell lung cancer tissue, Cancer Rescarcii, 34, 4671 4675,

Pedersen, H., Grondahl-Ilansen, J., Francis, D., Osterlind, K., Hansen, H.H.,
Dano, K. & Brunner, N. (1994b). Urokinase and plasminogen aclivator

inhibilor type 1 in pulimonary adenocarcinoma. Cancer Research, 54, 120-123.

Pennica, D., Holmes, W.E., Kohr, W.J., Harkins, R.N., Vehar, G A., Ward,
C.A., Bennett, W.IF., Yelverton, E., Seeburg, P.H., Heyneker, H 1.., Goeddcl.
D.V. & Collen, D. (1983). Cloning and cxpression of human tssue type

plasminogen activator cDNA in E.Coli, Nature, 301, 214-221.

Pepper, M.S., Sappino, A.P., Montesano, R., Orcl. L. & Vassalli, I.D. (1992).
Plasminogen activator inhibitor-1 induced in migrating endothelial cells. J

Cell Physiof, 353, 129-139.

Picford, [. & Birnie, G.D. {1992). Review: Tumor metastusis. CRC Beatson

Laboratories Scientific Report, 7-12.

Platet, N., Prevostel, C., Derocg, D., Joubert, D,, Rochelort, It & Garcia, M.
{1998). Breast cancer cell invasiveness: correlation with protein kinase C
aclivity and differential regulation by phorbol cster in estrogen receptor-

positive and -negative cells, it J Cancer, 78, 750-756.

Ploug, M., Ronne, E., Behrendt, N., Jensen, A.1.., Blasi, F. & Dano, K. (1991).
Ccllular receptor for urokinase plasminogen activator carboxyl-terminal
processing and membrane anchoring by glycosyl-phosphatidylinositol. Journal

of Biological Chemistry, 266, 1926-1933,




References 261
Potempa, 1., Korzus, E. & Travis, 1. (1994). The serpin supcrfumnily of
proteinse inhibitors: Structure, function and regulation.Journal of Biological

Chemistry, 269, 15957-15960.

Pourrcau-Schaeider, N., Delori, P., Boutiere, B., Armoux, D., George, F.,
Sampol, J. & Marlin, P.M. (1989). Modulation of plasminogen uctivalor
system by plasminogen componenis in two breast cancer cell lines: MCF-7

and MDA-MB-231. J Natl Cancer Inst, 81, 259-266.

Pyke, C., Kristensen, P., Ralfkiaer, E., Ericksen., J. & Dano, K. (1991). The
plasminogen activation system in human colon cancer: Messenger RNA for
the inhibitor PAI-1 15 located in the endothelial cells in the (wmour stroma.

Cancer Research, 51, 4067-4071.

Reilly, D.. Andreasen, P.A. & Duffy, M.I. (1991). Urokinase plasminogen
activator in breast cancer: assay by both catalytic and immonoassay. Blooed

Coagul Fibrinolysis, 2, 47-50.

Robertson, JF.R. (1996). Oestrogen receptor: a stable phenotype in breast

cancer. Br J Cancer, 73, 5-12.

Rochefort, ., Capony, F. & Garcia, M. (1990). Cathepsin 1 :a prolease
involved in breast cancer metastasis. Cancer and mefustasis reviews, 9, 321 -

331

Rochefort, H., Liandet, E. & Garcia, M. {(1996). Alterations and role of human

Cathepsin D in cancer metastasis. Enzyme Protein, 49, 106-116.

Roldan, A.1.., Cubellis, M.V., Masucci, M.T., Behrend(, N., Lund, L.R., Dano,
K., Appella, E. & Blasi, F. (1990). Cloning and expression of the receptor for
human urokinase activator inhibitor, a central molecule in cell surface,

plasmin dependent proteotysis. The EMBQO Journal, 9, 467-474.




References 262
Ronne, E., Hoyer-Hansen, G., Brunner, N., Pedersen, 14., Rank, F., Qsborne,
C.K., Clark, G.M., Duano, K. & Grondahl-Hansen, 1. (1993). Urokinase
receptor in breast cancer {issue extracts. Enzyme-linked immunosorbent assay
with a combination ol mono- and polyclonal antibodies. Breast Cancer

Research and Treatment, 33, 199-207.

Rose, D.P. (1990). Diclary fiber and breast cancer. Nutr ition and Cancer, 13,

L-8.

Ryan, M.P., Kutz, 5S.M. & Higgins, P.J. (1996). Complex regulation of
plasminogen activator inhibitor tvpe-1 (PAI-1) gene cxpression by servin and

substrale adhesion. Biochem J, 314, 1041-1046.

Ryan, T.J.,, Seeger, J.I., Kumar, S.A. & Dickerman, 11.W. (1984, Estradiol
preferentially enhances extracellular tissue plasminogen aclivators of MCF-7

breast cancer cells. J Biol Chem, 259, 14324-14327.

Sainsbury, R. (1997). Organization of breast cancer services, Cancer

Treatment Reviews, 23, 53-S11.

Saksela, O. (1985). Plusminogen activation and regulation of pericellular

proteolysis. Biochimica et Biophysica Acta, 823, 35-65.

Sappino, A.P., Huarle, J., Belin, D. & Vassalli, 1.D. (1989). Plasminogen
activators in tissue remodelling and invasion: mRNA localization in mouse

ovaries and emblanting embryos. J Cell Biology, 109, 2471-2479.
Sato, Y.R. & Rifkin, D.B. (1989). Journal of Cell Biology, 149, 309-315.

Schmulleldt, B., Kuhn, W., Reuning, U, Pache, L., Dettimar, P., Schmitt, M.,
Janicke, ., Hofler, TI. & Graetf, H. (1995}, Primary tumour and metastasis in
ovarian cancer dilfer in their content of ureokinase type plasminogen activator,

its receptor, and inhibitors types I and 2. Cancer Res, 55, 3958-3963,




B S AN 51 W e ARt b £

References 263
Schmitt, M., Harbeck, N.. Thomssen, C., Wilhelm, O., Magdolen, V.,
Reuning, U., Ulm, K., Hotler, ., Janicke, F. & Graaetf, FL. (19972). Clinicul

impact of the plasminogen activalor system in tumowr invasion and metastasis:

Prognostic relevance and targel for therapy. Thrombaosis and Haemostasis, 78,

285-296. :
it

Schmi, M., Janicke, F. & Graeff, H. (1920). Tumor-associated fibrinolysis:
the prognostic relevance of plasminogen activators vPA and (PA in human

breast cancer. Blood coagulation and fibrinolysis, 1, 695-702.

Schmitt, M., Tanicke, ., Moniwa, N., Chucholowski, N., Puche, 1.. & GraelT,
H. (1992). Tumor-associated urokinase-Type plaminogen activator: biological .

and clinical significance. Biol. Chem. Hoppe-Seyler, 373, 611-622.

Schmitt, M., Janicke, F., Wilhelm, O., Magdolen, V., Reuning, U., Weidle, U.
& Graeff, H. (1994). Clinical relevance of breast cancer-associated proteases :
in turoour cell invasion and melastasis. . 1
g

Schmitt, M., Kanayama, N., Henschen, A., Hollrieder, A., Halter, R., Gulba, I
D., Janicke, F. & Graett, H. (1989). FFEBS Letter, 255, 83-83. I'
Schmitt, M., Thomssen, C., Ulm, K., Sciderer, A., Harbeck, N., Hofler. H.. I
Janicke, F. & Gruefl, H. (1997b). Time varying prognostic impact of tumour |I
biotogicul factors urokinase (UPA), PAI-} and steroid hormone recepror status '
in primary breast cancer. British Journal of Cancer, 76, 306-311. :
;

Schmitt, M., Withelm, O., Janicke, F., Magdolen, V., Reuning. U., Ohi, H., |
Moniwa, N., Koboyashi, H., Weidle, U, & Graaeff, H. (1995). Urokinase- ‘
Type of Plasminogen Activator (WPA) & its Receptor (CD87): A New I
Target in Tumor Invasion and Metastasis. J. Obstel. Gynaceol., 21, 1511065, {|
i

|




References 264
Scott, R'W., Bergman, B.L., Bajpai, A., Hersh, R.T., Rodriguez, H., Jones,
B.N., Barreda, C., Watts, S. & Baker, 1.B. (1985). J Biol Chem, 2690, 7029-

7034.

Service, R.F. (1998}, cancer: New role for estrogen in cancer, Scrence, 279,

1631.

Sisskin, E.E., Weinstein, [.B., Evans, C.H. & DiPaole, J.A. (1380).
Plasminogen activator synthesis accompanying chemical carcinogen induced
In vitro transformation of Syrian hamster and guinca-pig fetal cells.

International Journal of Cancer, 26, 331-335,

Skriver, L., Larsson, L.I., Kiclberg, V., Niclsen, L.S., Andrescn, P.B..
Kristcnsen, P. & Dano, K. (1984). immunocyrochenucal localization of
urokinase type plasminogen activaior in lewis lung carcinoma. Journal of Cell

Biology, 99, 753-758.

Springer, E.D. & Kluft, C. (1987). Plasminogen Activator [nhibitors. Blood,

69, 381-387.

Stampfer, M.J., Bechtel, S.D. & Hunter, D.J. (1993). Fai. alcohol and

selenium in breast cancer risk. Contemporary Oncology, 28-39.

Stephens, F.O. (1997). Breast cancer: aetiological Factors and associations (a

possible protective role of phytoestrogens). Aust N 7.J Surg, 67,755 760.

Stoppelli, MLP., Corti, A., Soffientini, A., Cassani, G., Blassi, T'. & Assoin,
R.K. (1985). Differentiation-enhanced binding of the amino-terminal fragment
of human urokinasc plasminogen activator to a specific receptor on U937

monocyles. Proc. Natf. Acad. Sci. USA, 82, 4939-4943,



Refcrences 265
Stoppelli, M.P., Tacchett, C., Cubellis, M.V., Corti, A.. Hearing, V.I.,
Cassani, G., Appella, E. & Blasi, F. (1986). Autocrine saturation of pro-

urokinase receptors on human A431 cells. Cell, 45, 675-684.

Stratton, M.R., & Wooster, R. (1990). Hereditwy predisposition to hreast

cancer. Currvent opirion in genefics and development, 6, 93-97.

Strickland, S. & Richards, W.G. (1992}, Invasion of the tropoblasws. Cefl, 71,

355-357.

Sumiyoshi, K., Baba, S., Sakaguchi, S., Urano, T., Tukada, Y. & Takada, A. «.
(1991). lncrease in levels of Plasmiogen Activator and type-1 plasminogen 5
activator inhibitor in human breast cancer: possible role in tumor progression

and metastasis. Thrombosis Research, 63, 59-71.

Tavassoli, F.A. (1997). The influence ol endogenous and exogenous
reproductive hormones on the mammary glands with emphasis on

experimental studies in rhesus monkey. Verh Disch Ges Pathol, 81, 514-520.

Tedone, T., Correale, M., Paradiso, A. & Reshkin., S.I. (1996}, Differential
responsiveness of proliferation and cytokeratin release 1o stripped serum and
oestrogen in the human breast cancer cell line. MCI-7. Euwropean Journal of

Cancer, 32 A, 849-856.

Telang, N.T., Katdare, M., Bradlow, H.L.. & Oshorne, M.P. (1997a). Estradjol
metabolism: an cndocrine biomarker for modulation of human mammary

carcinogenesis. Eaviron Health Perspect, 105, 559-364.

Telang, N.T., Katdare, M., Bradlow, H.L., Osbomme, M.P. & Fishman, J.
(1997b). Inhibition of proliferation and modulation of estradiol metabaolisy:
novel mechanisms {or breast cancer prevention by the phytochemical indole-

3-carbinol. Proc Soc Exp Biol Med, 216, 246-252.




References 266
Testa, I.E. & Quigley, J.P. (1990). The role of urokinase type of plasminogen
activator in aggressive tumour cell behavior. Cancer Metastasis Review. 9,

353-307.

Thijssen. J.H.IT, & Blankenstein, M.A. (1994). Steroid hormones in breast

cancer. Endocrine-Related Cancer, 2, 43-48.

Thomas, H.V., Reeves, G.K. & Key, T.J. (1997). Endogenous estrogen and
postmenopausal breast cancer: a quantitative review. Cancer Causes Conlrol,

8, 922-928.

Thompson, E.W., Shima, I'B., Martin, G.R., Zugmaier, G., Lipmann, M.E. &
Dickson, R.B. (1990). TGFB indcpendently regulales lnvasiveness,
chemotaxis, and proliferation of human breast cancer cells. Aan NY Acad. Sci,

593, 363-366.

Tisty, T.D. (1997). Genomic instability and its role in neoplasia. Current

Topics in Microbiology and Immunology, 221, 37-46.

Towbin, H., Stachelin, T. & Gordon, L. (1979}, Proc Nail Acud Sci USA, 76,

4350-4354.

Tranque, P., Naftolin, F. & Robbins, R. (1994). Differential regulation of
astrocyte plasminogen activators by insulin-like growth {actor-1 and epidermal

growth factor. Endocrinology, 134, 2606-2613.

Tryggvason, K. (1989). Extraceliular matrix and its enzymatic degradation in
tumor invasion, Tn Influence of tumor development on the host, Liotta, L.A.

(ed) pp. 611-622. Kluwer Academic: Dordrecht.

Trygevason, K., Hoyhtya, M. & Pyke, C. (1993). Type [V collagenase in

invasive tumors. Breast Cuncer Rescarch and Treatment, 24, 209-218.




References 267
Urla, J.A., Ferrando, A.A., Velasco, G., Freihe, J.M. & Lopez-Otin, C. (1994).
Sturucture and expression in breast tumours of human TIMP-3, a new member

of the metalloprotcinase inhibitor family, Cancer Research, 54, 2091-2094.

Vassalli, 1.ID,, Baccino, . & Belin, D. (1985). A cellular binding site for the

My 55,000 formn of the human plasminogen activator, urokinase. Jowrnal of

Cell Biology, 100, 86-92.

Vassalli, J.D., Huarte, J., Bosco, I, Sappino, A.P., Sappino. N., Velardi, A.,
Waohlwend, A., Erno, H., Monard, D. & Belin, D. (1993), Protease nexin-l as
an androgen-dependent secretory product of the murine seminal vescicle.

EMBO J, 12, 1871-1878.

Vecchio, S.D., Stopelli, M.P., Cairicro, M. V., Fonii, R., Massa, O., Li, P.Y.,
Botti, G., Cerra, M., D’ Aiuto, G., Espasito, G. & Salvatore. M., (1993). Human
urokinase receptor concentration in malignant and benign breast timours by I
vitro quantitative autoradiography: Comparison with urokinase levels. Cancer

Research, 83, 3198-3200,

Verber, N., Prevost, G., Planchon, P. & Starzec, A. (1994). Evidence for a
growth effcet of epidernmal growth factor on MDA-MB-231 breast cancer

cells. European Journal of Cancer, 30A, 1352-1359.

Verde, P., Stoppelli, MLP., Galeffi, P. & Nocera, P.D. (1984). Identification
and primary sequence of an unspliced human urokinase poly[A[+RNA. Proc.

Acad, Sci. (USA). 81, 4727-4731L.

Vessey, M.P. (1997). Effect of endogenous and exogenous hormones on breast

cancer: epidemiology. Verh Disch Ges Pathol, 81, 493-301.

Wei, Y., Lukashey, M., Simon, D1, Bodary, S.C., Rosenburg, 5., Doyle.
M.V. & Chapmann, B.A. (1996). Regulation of imlegrmn function by the

urokinase receptor. Science, 273, 1551-1555.




References 268
Welch, D.R., Fabra, A. & Nakajima, M. (1990). Transforming growth factor
stimulates mammary adenocarcinoma cell invasion and metastatic potential.

Proc. Natl. Acad. Sci. USA, 87, 7678-7682.

Welch, D.R, & Wei, L.L. (1998). Genelic and cpigenetic regulation of huiman
breast cancer progression and metastasis. Endocrine-Related Cancer. 5, 155-

197.

Whiltelock, I.M., (F’Grady, R.L. & Gibbins, 1R, (1991). Interstitial
collagenase (matrix metalloproteinase 1) associated with plasina membrane of
both neoplastic and non neoplastic cells. Invasion and Metastasis, £1, 139-

148.

While, Li.A., Baker, J.B., McGrogan, M. & Kitos. P.A, (1993). Pratease nexin-

I is expressed in the human placenta. Thromb Haemostas, 69, 119-123.

Wilhem. O., Weidle, 11, Hohl, S., Rettenberges, P.. Schmitt. M. & Graelf, H.
(1994). Recombinant soluble urokinase receptor as a scavenger [or urokinase-
type plasminogen activator (uPA): Inhibition of proliteration and invasion of

human ovarian cancer cells. FEBS Letters, 337, 131-134.

Woessner, I.E. (1991). Matrix metalloproteinases and their inhibitors in

connective lssue remodelling. FASEB, 5, 2145-2154,

Wolf, B.B., Vasudevan, J., ITenkin, J. & Gonias, S.L. (1993a). Nerve growth
factor gamma activates soluble and receptor bound single chain urokinase-
type plasminogen activator. Journal of Biological Chemisiry, 268, 16327-

16331,

Wolf, C., Rouyer. N, Lutz, Y., Adida, C., Loriot, M., Belloeq, J.P.. Chambon,
P. & Basset, P. (1993b). Stromelysin 3 belongs 1o a subgroup of protineascs
expressed in breast carcinoma fibroblastic cclls and possibly implicated in

tumor progression. Proc. Natl. Acad, Sci, (USA). 90, 1843-1847.




References 269
Wooster, R. & Straton, M.R. (1995). Breast cancer susceplibility: a complex

disease unravels., Trends in Genetics, 11, 3-5.

Xing, R.H. & Rabbani, 5.A. (1996). Overexpression of urokinase recepfor in
breast cancer cells resulled in increased (unrour invasion, growth and

metastasis. ntraational Journal of Cancer, 67, 423-429.

Yagel, S., Casper, R.F., Powell, W., Parhar, R.S. & Lata, P.K. (1989).
Characterization of pure human first trimester cytotrophoblast cells in long
term culture: growth pattern, markers, and hormone produciion. Am J Obsret

Gynecol. 160, 938-945.

Yamamoto, K.R. (19835). Steroid receptor regulated (ranscription of specific

genes and gene networks. Annual Review Genetics, 19, 209-252.

Yee, D., Rosen, N., Favoni, R.E. & Cullen, K.J. (19921). The insulin-like
growth factors, their receptors and their binding proteins in human breast

cancer. Cancer Treatment and Research, 53, 93-104.

Ying, S. & Zhang, Z. (1996). Expression and localization of inhibin/activin
subunits and activin receptors in MCF-7 cclls, a human breast cancer cell line.

Breast Cancer Research and Trearment, 37, 151-160.

Yu, G.P., Ostroff, .S., Zhang, 7.F., Tang, J. & Schantz, S.P. {1997). Smoking
history and cancer patient survival: a hospitak cancer registry study. Cancer

Detect Prev, 21, 497-509,

Zajchowski, D.A., R, S. & L, W, (1993). Estrogen inhibits the growth of

estrogen receptor-negalive, but not estrogen receptor-positive, human

mammary epithelial cclls expressing a recombinant estragen receptor. Cancer

Research, 53, 3004-5011.

IASGORT
UNIVERSITY
LIBRARY

o o o s s 3




