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ABSTRACT

Primary tissue cultures of primate mammary epithelial cells (PMEC) in tissue culture
were evaluated to serve as a link between rodent models and in vitro human mammary
epithelial cell (HMEC) systems used to study mammary carcinogenesis, PMEC growth
in vitro, expression of cytokeratirs and milk fat globule prateins (MFGP) and the effect
of dimethylbenz(a)anthracene (DMBA) was irivestigated,

Organoids wers isolated from primate (Cercopithecus aethiops pygerythrus) and
classified acoording to the degree of lobular development namely less, moederately and
well differentiated. Organoid attachment and growth in cell culture refiected mammary
gland development. Rapid organcid attachment and growth in cell culture was
associated with organoids derived from less and moderately differentiated tissue. A
reduction in in vitro calcium extended the lifespan of PMEC and induced dramatic
morphological changes. New cells shed into the medium were passaged.

Immunoblotting identified K8, K7 an K6 and/or K11 as the predominant keratins in
primate mammary tissue. PMEC in vifro expressed the same keratins as in vivo, the
exprossion of K8 was reduced and K7 and K6 and/or K11 was increased.

The milk fat globule protein (MFGP) fraction was isolated from human milk and lactating
prirnate mammary tissue. immunaoblotting revealed that human anti-MFGP detected
primate MFGP-70 while HMFG-2 did not detect primate sialomucins. Trypsinisation and
subsequent thiol reduction resuited in the enrichment of MFGP-70 from human and
primate MFGP fractions. MFGP-70 was not detected in celi lysates and tryptic digests
of MCF-7 and PMEC cells following thiol reduction, A 53 kDa protein was detected in
human and primate MFGP fractions, tryptic digests of the same fractions and MGF-7
and PMEC lysates unider nonreducing conditions.

The effect of DMBA on the PMEC survival was determined by measuring succlinate
dehydrogenasa inhibition and cell numbers in vitro, The use of Hoechst to determine



i
callular DNA s limited due to nonspecific fiyorescence caused by SDS which was
effectively reduced by increasing the counterion concentration and adding cholate, A
dose and time related sigmoidal decrease in cell survival was ohserved. Differences
in coll surviva! and cell numbers in vitro occurs following 3 hours exposure to DMBA,
while longier exposure times revealed that cell survival determined by all methods was
the same.

PMEC in vitro, exhibit growW properties that reflect mammary gtand development
express the same keratins as in vivo, and antigenic determinants associated with ihe
primate MFGP fraction. PMEC growth in vitro, expression of antigens and responge to
the cylotoxic effects of DMBA is analogous to the HMEC /n vitro, This indicates that
the PMEC can contribute slgnn‘“ cantly to understanding the mechanisms of mammary
carcmogenems :
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CHAPTER 1:
LITERATURE S8URVEY
1 INTRODUCTION

The incidence of breast cancer is increasing world wide and a marked increase has
been observed in Western countries over the last 25 years (1-5). Environmental, sogio-
economic, dietary, hormonal and hered'tary factors are assoclated with the aeticlogy
of breast cancer (3-10), The biphasic nature of the incidencs of breast cancer has led
epidemiclogists to postulate the pressnce of two types of breast cancsr (1,4,8). The
first type occurs in premeniopausal years and shows similar worldwide incidence, while,
the second type ceeurs in the post-menopausal years, whera differences occur in high-
intermediate~, end low incidence countries. it is now believed that pre- and post-
menopausal breast cancers may have different astiologies, Intrinsic hormonal factors
(1,2,7,10) may play an important role in the development of premenopausai breast
cancer.

The role of hormonal confraceptive preparations as possible eticlogical agents in the
development of breast cancer Is still being strongly debated (7,8,10). Factors related
to reproductive physiology appear to influence the risk of breast cancer; for example
early menarche, lata mehopause, use of oral contraceptives beforg a full-term
pregnancy, exogenous estrogen exposure and nulliparity increases the incidence for
breast cancer. Although hormonal factors continue to play an important rols,
environmental factors such as diet and exposure to carcinogens are thought to
enhance the incidence of pasi-menopausal breast cancer. Breast cancer shows both
socloaconomic and geographic patterns in relation to high-at and high caloric diets
where high rates are associated with affiuent countries (9).
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A definite environmental eticlogical agant positively linked to the development of breast
cancer is ionising radiation. Woman receiving repeated fluoroscopic examinations
during therapeutic pneumotﬁ&raxes for the treatment of tubersulosis show a high
incidence of breast cancer occurring at an early age, with a Jatent prricd of 10 to 15
years (10-12). Survivars of the Hiroshima and Nagasaki atomic bomb explosions, who
mostly received a gingle dose of radiation also show & high incidence of breast cancer
after 20 years (13). Radiation effects show an accumulative dose response and in
addition adolescence seems to be a critical period when exposure leads to an
increased incidence. While screening for breast cancer, repeated mammographic
examinations pose another possible risk and this has led to a decrease to the number
of examinations given to woman under the age of 50 (14). |

In a small percentage (5%) of breast cancer cases, genetic predisposition to breast
cancer appears to be strong (15). A family history of breast cancer increases the risk
about 50-fold in woman whose mothers and sisters have breast cancer, In some high-
risk families, susceptibility is inherited as an autosomal dominant gene (16-18). How
this genetical susceptibllity is expressed at the hiochemical level is not known. Another
predisposing factor is preexisting benign breast disease (1,19).

Structure of the mammary gfand.

Although there are variations in the number, position and external physiology, the
internal physiology of the mature female mammary yland Is similar in all specles from
monotremes to man (20-22).

The nor-human primates possess a single pair of mammary glands which contain 4 to
8 primary ducts, end buds and tobules (21). The mammary gland extends as a single
plane of tissue several millimetres thick from the sternum to the anterior axiflary line
and from the clavicle to the lower margin of the ribs. As has been described for the
human and rat mammary gland the lobularity of the pririate mammary gland also
increases with the number of reproductive cycles,
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Very few species differences exist regarding the internai physiology of the mature
female mammary gland and for this reason the structure of the human mammary (8,22~
24) giand will be described. The human mammary gland consists of a branching
network of glandular tissus embedded In a stromal matrix of adipose and connective
tissue, Large ducts branch from the nipple area into smaller ducts which terminate in
lobular-alveolar clusters, the production site of the milk components. During pregnancy
there is a massive proliferation of these alveolar structures, Four different lobular types,
lobules type 1-4 (Lob 1-4) representing different stages of lcbule differantiation have
been identifiad in the breast of postpubertat women, Furthermore the degree of lobule
development has baen identified as an important factor that may predetermine the type
of tumours that develop in the human breast (23). Lobuie type 1 (Lob 1), with clusters
of 6-11 ductules per lobule, is the most undifferentiated type and are present in the
immature female breast before menarche. Lobule type 2 (Lab 2) evolves from lobule
type 1 while lobule type 3 (Lob 3), with 80 ductules per duct is the most differentiated.
Lobui? type 4 (Lob 4), considered to ba the maximal expression of development and
ditferentiation, is only found in the mammary gland during lactation (10,22,23,25),

The ceils of the terminal ductule/lobule junction from which this proliferation occurs are
thought to be the site of origin of most human carcinomas (24). There are basically two
types of mammary epithelial cells (i) the commular epithelium respansible for secretory
activity and the (il) myoepithelial cells (26). The epithelial cells are present in & clrcular
arrangement one or two ¢ell layers thick, with the apical surfaces facing the central
lumen and the basal surfaces resting on the myoepithelial cells or the basement
membrane, These cells have a well-developed Golgi apparatus on the apical side of
the nucleus, microvilli on the apical surface, tight junctions and desmosomal
connections with their lateral neighbours, The myoepithelial calls rest between the
epithelial cells and form a network of cells that provides structural support to the
glandular tissue (26). These cells have prominent myofilaments, form desmosomal
junctions (27,28) with overlying epithelial cells and contain hemidesmosormes on their
basal surface, The contrastion of the myoepithelial cells In response to appropriate
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neurchormonal stimuli, causes ejection of milk. The basement membrane which
surrounds the epithelial cells provides a "biomatrix" ground support as well as a barrier
of selective perrneability separating the epithelial cells from the stroma and the vascular
system,

The cultivation of normal mammary epithelial cells.

Since the mammary epithelial ceill has been identified as the sall population from which
mammary carcinomas originate, greater insight wauld be gained in the mechanisms of
mammary carcinogenesis with the development of human mammary epitheiial ¢-*
(HMEC) culture systems,

The main objective in the cultivation of normal mammary epithelial cells is to obtain a
pure epithelial call population, with an extended lifespan in vifro, that retains many of
the characteristics of the mammary epithelial cell in vivo and reflects the heterogeneity
of the human population (_23,25).

Untii recently only two kinds of human mammiary spithelial ceils were available; Cell
lines derived from breast tumours (29,30) and primary cultures (31,32), derived mainly
from factation fluids. The development of better tissue dissociation techniques, media
formulations (33-36), the identification and isolatioh of growth factors, hormones (36-
45) and other mitogens (34,35,46) has assisted the establishment of cultures HMEC,
Cultures of mammary epithelial celis can be now be established from lactation fluids
and mammary tissue derived from non-tumour areas of mastecfomies, benign tumours
and reduction mammoplasties (31,35,44,47).

Characlerisation of human mammary epithellal cells.

The expression of the structural cytrkeratin proteins and the membrane associated mitk
fat globule proteins are used to characterise mammary epithelial cells in vive and in
vitro,



(i) The cylokerafins,

Intermediate filaments (48-50) of which there are 5 distinct types are found in a wide
variety of cells and are comg dsed of 210-400 kDa proteins assembled into complex 8-
12 nm oytoskeleton fibres. Keratin intermediate filameris are a multigene family of
polypeptides that are characteristic of epitnelial cells. These intermediate filaments
form a loose threa dimensional network concentrated aiound the nuclei while the
peripheral parts radiate towards the plasma membrane. The expression of kerafing is
highly coriserved between different tissue types and species. Specific sels of
cytokeratin polypaptides that vary in molecular mass (40-68 kDa) and isoeleciric points
(56-8.5) are characteristic of normal (51,52) or tumour derived (53-56) celis. Cooper ef
af (49) proposed that the expression of cytokeratins followed wall-defined rules that are
mairdy related to three factors (a) epithelial call type (simpie vs stratified) and among
stratified epithelium (b) the differentiation program (functional and terminal
differentiation) and (c) state of cellular growth (nom:- versus hyperprofiferative).

Immunohistochemical analysis of keratin expression can distinguish between the
luminat and ths myogpithelial cells of the duct of tha mammary gland. The basal cells
express keratins typical of stratified epithelia (K14 and K58} while tuminal cells express
keratins typical of simple epitselia (K7, K8 and K18) K19 is expressed by both simple
and stratified epithalial celis (56-60). Decreased K5 expression is correlated with
increased tumorigenic progression (59). Cyltokeratins, K13 and K16 are expressed by
a large subpopulation of luminal epithelial cells in normal and hyperplastic tissue and
bernign tumours of the mammary giand (50,55). Mammary carcinomas and derived cell
lines usually express cytokeratine asscciated with the cell population of origin within
the mammary gland (54,58,60).

Immunocytochemical analysis of keratins expressed by monolayers of normai human
HMEC (60-82) have shown ilzn these cultures are a heterogenous mixturé of
myaepithelial, lumei.. epithelial cells and possibly a csll type with both myoepithelial
and epithelial cell properties, These authors, have proposed that the exprassion of both



6

basal and luminal keratins by HMEC in vifro implies that the basal layer may contain
a stem cell type which can develop along the luminal linage.

Furthermore the expression of specific keratins by HMEC in vitro is dependent on call
morphology, culture substrate, tissue culture media, growth factors as weli as the
source of the calls (54,57,60-62),

(i} The milk fat globule proteins.

The milk fat giobule protein (MFGP) is representative of the apical membrane of the
mammary epithelial cell. The milk fat gicbule is synthesised in the endoplasmic
reticulum in the basal region of the mammary epithelial cell, it i$ enveloped in the
piasma membrans and secreted into the kime:t of the mammary gland (63-67), The
‘unique characteristics of the MFGP membrane makes it the best choice for the
procurament of mammary cell surface antigens.

SDS-polyacrylamide gel electrophoresis reveals the presence of soi, 3 hine major
components with relative molecular masses (Mg) of 15-24C kDa. The distribution of a
70 kDa (88,69), a 155 kDa (70,71} and a 400 kDa (72-78) MFGP has been studied in
the normal tissue and tumours ‘e human mammary giand as well as mammary
gpithelial cells in vitro and tumsy- 1iip- s

The 70 kDa MFGP (68,69) is located »n the apical surface of normal HMEC and the
perimater or the cytoplasm of tumour cells. While, the 155 kDa MF™.- (70,71) s
axprassed predominantly on the apical membrane of luminal epithelial cells lining the
lobules and terminal ducts in the breast, Of the three major classes of mammary
carcinomas, malignant cells of lobular carcinomas exhibit more intense staining than
those of infiltrating ductal and medufiary carcinomas, In poorly differentiated tumour
cells at primary and metastatic sites the antibodies were shown to localize components
mainiy in the cytoplasm, Corcoran ef &/ (73) observed that alterations in the csllular
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localisation of the MFGP is a common feature of mammary carcinomas and is related
to the degree of differentiation.

Taylor-Papadimitriou &f af (76} produced monoctonal antibodies (HMFG-1 and HMFG-
2) to a single determinant, a mucin (sialomucin} molecule with a malecular mass of
greater-than 400 kDa. This antigen is expressed strongly by the lactating mammary
gland and weakly by resting mammary glard and on a number of primary and
metastatic carcinomas, Although similar patterns of expression are abserved for HMFG-
1 and HMFG-2, the HMFG-1 antigen appears to be expressed mora strongly on
metastatic ductal carcinomas whereas HMFG-2 reacts more strongly with lactating
breast (74,76) and tumour cell lines (75-77). Removal of the peripheral
‘oligosaccharides reveals a polypeptide, the mucin core proteir with a molecular mass
of 68 kDa (74). Monocional antibodies, SM-3 ralsed against the mucin cora protein
reacts with most carcinomas of the mammary gland and tumour derived cell lines
(75,77). No reactivity was observed with benign tumours, normal resting and lactating
' breast (75). The epitope that is usually masked by oligosaccharides moieties in normal
celis may becoms exposed due to adherent glycosylation in malignant cells. However
the immortalised, diploid, ceil line, MCF-10 derived from fibrocystic mammary tissue
expressed the HMFG-{, HMFG-2 and SM-3 antigens (77).

Calcium and the immortalization of human mammary epithelial cells.

The exiracelluar calcium concentration is a critical regulator of growth and
differentiation of epithelial celis from various tissue and many different species (78-87).

At narmal levels of calclum used in tissue culture the lifespan of epithelial celis s
limited especially when compared normal fibroblasts in vifro. Epithelial cells underge
a process known as terminail differentiation {78,80,82). This process is characterised
by a decrease in proliferation, stratification and cornification of the monolayer and
detachment of the cells from the tissue culture surfacs.
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McGrath and Soule (34) observed that cortisol and insulin stimulated the exponential
growth of HMEC in short-term monolayer cultures, The response of the cells depended
on thair organisation into growth units on the surface of the dish. Label studies
indicated that in the first two days the ceils organized themselves into growth units,
foliowed by a period of active linear growth untit cessation of growth within each of the
growth units, in a process dafined as renewal inhibition (34). Growth of thase stationary
cultures can be restored by disruption and transfer or by reducing the caicium content
of the media to less than 0.08 mM (35). A reduction of the in vitro calcium concentration
not ohly extends the lifespan of HMEC but alsc has a dramatic effect on the
morphology of these cells (61,80). |

The effect of calcium on growth and differentiation was specific and reversible. The
mechanisms whereby calcium triggers the process of terminal differentiation (78,80,82)
and the cellutar mediators that are invoived are not known. Ochieng ef af (83) obssrved
that an increase in the extracelluar calcium concentration precipitated terminai
differentiation in HMEG via the inositol trisphospate pathway. An important early effect
that has also been identified in HMEC is the sffect of calcium on desmosome formation
{80,83,86,87).

Utilization of a cell culture medium with a reduced calcium content for the cultivation
of HMEC has extended the lifespan of these cells in vifro and has led 10 the
astablishment of cell lines, MCF-10 and MCF-12 (77,88). MCF-10 and MCF-12 are
derived from fibrocystic mammary tissue of a prementpausal and postmenopausal
women respectively. Both cell lines express luminal cytokeratins K7, K8, K18 and basal
cytokeratin K14 as well as MFGP antigens.

SV40 immonrtalization of human mammary epithelial ceils.
Cellular senescence occurs in normal cell cultures from many species of animal cells

and the stringency with which it oceurs depends upen the specles of origin,
Senescence is particularly stringent in human cells and is virtually complete and
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irreversible whereas for rodent celis the decline in proliferation can in some instances
give rise at low frequencies of immortal ¢ell lines, Immortalization differs from in vitro
transformation which is a heritabie change, that occurs sither infrinsically or following
| axposure to exogenous agerids resu?ting in altered morphology, antigen expression and
ngopiastic properties (85). Therefor immortalized ceils may express only some of the
characteristics of the transformed phenotype and a subsequent event/s are required
for complete cellular transformation.

The 8V40, DNA tumour virus is frequently used tc extend the lifespan of norraat HMECG
i culture (89-97). Primate cells are permissive for SV40 infection by supporig the il
expression of the viral genome and release of progeny vira: particles whereas mouss
cells are nonpermissive for SV40 resulting in immoralization without release of progeny
viral particles. Humean cells are semvermissive, infected cullures of HMEC experience
a crisis period, during which there ig & reduction in celi proliferation, detachment of
cells from the culture substrate and the formation of muitinucleated or giant cells.
Sometimes a rare focus of dividing cells appears and an established mammary
epithelial cell line which retains many of the characteristics of the cultures of origin is
established (89,91). SV40 immortalized mammary epithelial cell lines derived from milk
epithelial cultures express fuminal epithelial cytokeratins (89,92,95) while luminal and
myoepithelial associated cytokeratins are expressed by cultures derived from mammary
reduction tissue (90-92,84), Both expross epithelial MFGP antigens. These cell lines
are not tumorigenic in nude mice (89-81,98). Garcia ef a/ (96) observed that
immortalization of HMEC with SV40 is essociated with a delation on chromosome 114
which Inciudes the c-Ha-Ras and beta-globulin genes. A fumorigenic cell line has
established following the transfection of a SV40 immortalized cell line with the v-Ha-ras
oncogene (92).

Chemical transformation and oncogenes in the fransformation of mammary epithelial
vells,

Stampfer and Bartley (88) were the first describe the establishment of an immortalized
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immortalized cell line following the exposure of HMEC fo a chemical carcinagen,
benz(a)pyrene (Bia)P). A tumorigenic cell line was only established foliowing
transfection with the T-antigen and the v-Ha-ras oncogene (98). Russo et al (99, 1C0)
investigated the effect of carcinogens dImatl'-ylbenz(.a)aﬁthracena (DMBA) and N-
methyl-N-nitrosurea (NMU) on the HMEC cells derived from mammary tissue with
varying degrees of lobular development. Cell cultures derived from less differentiated
mammary tissue exhibited increased survival, colony formation efficiency, alterations
in karyotype and amplification of the ras proto-oncogene (101). Although these cells
clo not give rise to continuous cell fines or form tumours in rude mice, these cells are
considered phenotypically altered or partially transformed. Exposure of the
immortalized HMEC line, MCF-i0 (102-104) to DMBA, methyl-N-nitrso-N-
nitrosoguanidine (MNNG), NMU, and B(a)P resulted in the establishment of cell lines
with an altered morphology, increased growth rate, anchorage independent growth and
an increased chemo-invasiveness index. Only one Bfa)P subiine induced tumour
formation in SCID mice. The most frequently observed mutation occurred in these cells
was in the first portions of codon 12 and 61 of the ¢-Ha«Ras gene (105), Transfection
of the B(2)P subline with the c-His- Ras oncogene enhanced the transformed phenotype
indicating that ras gene activation is essential for the maintenance of the {ransformed
phenotype in HMEC (105,108).

Cellular transformation of normal HMEC is a compiex multisiage process (107-110)
when compared o the simple model of two-stage model (111) of carcinogenesis
involving initiation and promotion. Initiation by & chemical carcinogen is dependent on
carcinogen dosage, metabolism and carcinogen-DNA interactions, This may result in
proto-cncogens activation or the inactivation of suppressor genes (107-111). Other
factors such as early genetic alterations oceurring within the tissue of the donor
{29,30,61,88), degree of tissue d¥erentiation (6,10,23,99,100), and/or extended growth
in vitro may result in the destabilisation of genetic material (77,88). Non-genotoxic
effects (112) of growth factors, hormones, and ions over an extended period may also
contribute to the immortalization of mammary epithelial cslls in vitro. Further exposure
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S\Mp infgction will result in full expression of transformed phenotype (83-106,113).

Study objecffve.

The development of rodent model systems (20,22,114) ta study the process of breast
carcinogenesis has increased our knowledge of mammary gland deveiopment,
differentiation (23,115,116) and mammary carcinogenesis (6,113). Experimentation
within a genetically homogenous rodent population (117-119), under controlled
conditions, including age, enviroment, ana diet is the foundation to many hypotheses
in the eatiology of breast cancer. In vitro studies within a normal human mammary
epithelial cell, has revealed that human mammary carcinogenesis is a complex
multistage process (6,10, 25,31,88,99,101-106). Aspects such as the role of repressor
genes, proto-oncogene activation must still be addressed. The developrnent of a
primate mammary model can serve as a link between models already established for
the rat and the human. This model would reflect the genetical heterogeneity of the
human population and similarities in carcinogen metabolism (121), Natural tumour
formation in the primate is rare and only occurs in the second decade of life (122).
Furthermore, the primate is non-permissive for SV40 viral infection, implying that
cellular transformation would be the dirsct result of carcinogenic insuit. The
development of cell cuitures of normal primate mammary epithelial cells (PMEC) could
therefore assist in addressing some of the differences cbserved in the aetiology of
breast cancur in the rat and human.

The main aim of this investigation was to establish primary cultures of normai vervet
mammiary epithelial cells and to determine whether these cells exhibit characteristics
comparable to those described for normal HMEC.

Once the PMEC cultures have been established and the growth cenditions optimized,
these calls will be used to :
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(il)

(iif)

(iv)

(v)

12

investigate the lobular development and the sffect of cellular
differentiation on the growth kinetics of PMEC culfures;

study the modulatory effect of the calcium sontent of the gfcswth medium
on the morphology and the lifespan of PMEC in culture;

investigate the expression and the phenotype of cylokeratins,
characteristic of epithelial cells by PMEC;

i

determine the properties of isolated milk fat globule proteins (MFGP) from

hurnan milk and factating primate mammary tissue and compare them to

“i_hose expressed by HMEC and PMEC in culture;

-invéstlgate the todic effects of the pre-carcinogen, 7,12~
dimethyibenz{a)anthracene (DMBA) on the growth of PMEC in culture.
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CHAPTER 2:

MAMMARY GLAND DIFFERENTIATION AND CALCIUM DETERMINES THE
GROWTH POTENTIAL OF PRIMATE MAMMARY EPITHELIAL CELLS IN VITRO.

2.1 INTRODUCTION

Cell cultures of normal mammary epithelial cells that have retained many of the
characteristics of the tissue of origin would broaden our comprehension of the
processes involved in mammary gland differentiation, development (10,22,23,115,116)
and neoplastic transformation (6,10,22,23,123). Normal mammary epithelial ceils
should reflect the heterogeneity of the normal population and must express biological
markers assochited with normal mammary tissue. Furthermore, tissue culture
conditions which extend the longevity of normal mammary epithelial cells in vitro would
permit more detailed studies within a single cell population.

Mammary gland differentiation has been identified as an important physiologicat factor
that influences the cultivation of HMEC, Mammary fissue can be classified into three
major groups: less differentiated, composed of predominantly [obule type 1, moderately
differentiaied, a mixture of lobule type 1 and 2 and lobule type 2 and most differentiated
lobule type 3 (10,23,124-126). Characteristic of cultures of HMEGC derived from less
and moderately differentiated tissue are rapid organoid attachment, high population
doublings, increased DNA-labelling index and many cells in the S-phase of the cell
cycle (124-126).

The mitogenic effect of cholera toxin (46), epidermal growth factor (EGF) (127), insulin
and hydrocortisone (34) promotes epithelial cell growth while pituitary gland extract
{(31,44) and a decrease in calcium content (34,35,61,88,123-126) of the medium
increases the longevity of HMEC in vitro. HMEC maintained in a medium with a reduced
calcium conterit have retained ultrastructural properties and possess growth properties
in vitro associated with the normal phenotype of HMEC (23,61,77). In vitro these cells
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express the same cytokeratins and milk fat globule membrane antigens as in vivo
(23,61,77). |

The purpose of this investigation is o establish the PMEC in vifro and to determine
whether these cells exhibit some of the characteristics of the normal HMEC in vifro,
The effect of primate mammary gland lobular developmernit on the growth kinetics of
PMEC in culture will be determined. Furthermore the modulatory effect of the calcium
content of the tissue culture medium on cell growth, morphology and lifespan in PMEC
in vitro will be established.

2.2 MATERIALS

Ali media, custom made DMEM:Hams F12 (1:1)(DMEM:F12) with a reduced calcium
content (DMEM:F12(RC)) and entibiotics were supplied by Highveld Biologicals
(Sandton, South Africa). Enzymes, growth factors, hormones were tissue culture grade
and were obtained from the 8Sigma Chemical Company (St. Louis, USA). Heat
inactivated horse serum was from ICN Biomedic-ls (Thame, England). The ion
exchanger, Chelex 100 was purchased from Bio Rad Laboratories (Rictimond, USA).
Disposable tissue cuiture ware was from Sterilin (Stone, England).

2.3 METHODS
Animals and tissue

Vervet monkey (Cercopithecus pygerythrus) female mammary glands were obtaitied
from the H.A. Grové Ressarch Centre. The mammary tissue was aseplically removed
from the skin, dissected Into small pieces and washed in RPMI medium containing a
mixture of 100 pg/ml Penicillin G, 100 ugiml Streptomyein and 250 ng/mi Fungizone for
60 minutes at room temperature on a rotary mixer, '
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The isolation of organoids.

The tissue was collested by centrifugation at 350 xg digested in 10 volumes DMEM:F12
containing 200 1U/mi collagenase (type 1A) and 100 1U/mi hyaluronidase at 37° C on
a rotary mixer,

After 6 hours the tissue was collected by centrifugation and resuspended in fresh
. enzyme solution. Digestion was complete once the jobular structure of the mammary
tree was recognizable by light microscopy. These tissua fragments known as organoids
were repeatedly (b times) aliowed to sediment at room temperature before being
resuspendead in supplemented DMEM:F12 medium,

Primary cultures of primate mammary epithelial cells,

The organoids werg plated in DMEM:F12 medium supplemented with 10 pg/mt insulin,
0.5 pg/mt hydrocortisone, 20 ng/ml epidermal growth factor (EGF), 100 ng/mi cholera
toxin, 5% heat inactivated horse serum and antibiotics (100 ug/mi Penicillin G, 100
Ha/ml Streptomycin and 250 ng/ml Fungizone) (33,34).  All media, supplemented
media and enzyme solutions were sterilized by filtration using 0.2 um fiiters (Satorius,
Zeiss, Randburg). All cultures unless specified were maintained in an humidified
environment with 5% CO./air at 37°C.

Lobular structure, brganoid attachment and growth.

The number of organoids plated end the Jobular development of each organoid sample
was determined by light microscoplc examination of each culture. The lobular structure
of each organoid sample was classified according to the method described for human
mammary glands (22,116,124-128).

Altachment was defined ag the susceptibility of the organoids to adhere to the surface
of T25 fiasks when plated in supplemented DMEM:F12, Percentage attachment is
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defined as the number of organoids attached divided by the total number of organoids
plated expressed as a percentage. Organoid growth, the beginning of spreading of
epithelial cells from the organocids that attached was also evaluated every 24 hours for
10 days and expressed as the percentage of the organoids that attached.

Primate‘__ nmmary epithelial cells in tissue culture medium with a reduced calcium
conlent,

The tissue culture medium of primary cultures of PMEC was changed to supplemented
DMEM:F12(RC) when no increase in organoid growth was cbserved, DMEM:F12(RC)
was supplemented with insulin, hydrocortisone, EGF, cholera toxin and calcium free
heat inactivated horse serum at the same concentrations as for PMEC in primary
culture, Divalent ions wera removed from the heat inactivated horse serum by using
an ion exchangér, Chelex 100 {128). The calcium content of the medium was
determined by flame ionization spectroscopy {129) and adjusted to 0,04 mM with a 4
mM stk CaCl, solution. The calls were passaged by frypsimzation (130) or the direct
replating of new cells that vere shed into the medium (35,88). The number of cells were
counted using a haemocytometer and the viability of the cells were determined by the
trypan blue exclusion assay (130).

Cell number determinations with the Crystal Violet assay.

In ail experiments where the number of adherent cslls were tou faw to determine by the
usual methods of cell enumeration, the number of cells were determined by the Crystal
Violet assay {131). PMEC growing In cell culture 24 well dishes (1.9 cm?) were fixed by
adding 20 uf of & 11% glutaraldshyde solution to 200 il medium in each well. The
microwell plate was shaken at room temperature for 16 minutes. Each well was rinsed
three times with H,O and airdried. All wells representing different time Intervals were
fixed individually and stained later as a batch. A 200 M volume of the staining solution;
200 mM formic acid buffer pH 3.5 containing 0.1% Crystal Violet was addad to each
well. The Muttidishes were shaken for 20 minutes at room temperature, The excess dye
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was remaved by extensive washing with Hgo and the dishes were airdried before the
soiubilization of the bound dye in 200 pl 10% acstic acid. The optical density of the dye
- was measured spectrometrically 590 nm. A standard curve was prepared plotting the
number of cells in each well following trypsinization against the absorbance at 580 nm
of the same number of cells determined by the Crystal Violat assay. The standard curve
represents the average of 4 experiments using different cultures and each point was
assayed in triplicate,

Primate mammary epithelial cell growth curves.

PMEC were collected from the supematant of primary cultures 2(1), 3(1), 4(1), 8{1) and
10(1). These cells wete plated in conditioned, supplemented DMEM:F12(RC) at a cell
density of 2 x 107 celisiwell (1,06 x 10° cells/em?) and maintained in the same medium
and conditions described, previously. The number of cells present at each time interval
was determined using the Crystal Violet staining method. Each peint reprasents, the
average of 8 wells. Doubling times of PMEC cells in culture was determined from the
gradient of the growth curve of each sampie in tissue culture.

The total vield of free floating cells was determined for cultures 2(1), 3(1), and 4(1) by
collecting the free floaters from the tissue culture medium by centrifugation at 300 xg.
The number of celis in primary culture that gave rise to the free floaters was determined
following trypsinization of the adherent cells on completion of each experiment,

Light microscopy.

Lobular structure of the organoids and the growth of PMEC in supplemented
DMEM:F12 and DMEM:F12(RC) was monitored using a Leitz Labovert microscope and
photographs were {aken using a Contax camera coupled to a Zeiss IM inverted
microscope,
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Scanning efectron microscopy.

PMEC from 2(1) were plated in culture dishes at a cell density of 7 x 10° cslls/em? in
supplemented DMEM;F12(RC), After 48 hours in culture the dishes were split into two
groups and maintained for a further 48 hours in the following medium supplemented (i)
DMEM:F12 and (i) DMEM:F 12(RC), The medium was rermoved and the monolayer was
washed with a phosphate buffered saline (PBS) solution. The mbnolayer was fixed with
2.5% glutaraldshyde in a 0.1 M phosphate buffer pH 7.4 for 90 minutes and postfixed
~ in a 0.5% aqueous osmium tetroxide solution for 60 minutes. The dishes were inverted
and floated on water and discs of plastic were removed using a heated metal bors, The
samples were dried by the CO, critical point procedure and sputtercoated with goid,

Transmission electron microscopy.

Free floating PMEC from primary cultures were collected by centrifugiition at 350 x g
and washed thrice in *BS. The pellet was fixed with 2.5% glutaraldshyde in 0.1 M
phosphate buffer, gk 7.4 for 90 minutes, postiixed in a 0.5% aqueous osmium tetroxide
solution for 80 minutes, T samples were dehydrated in a graded series of ethanol
and embedded in quetol. Sections were contrasted with uranyl acetate and lead citrate.

2.4 RESULTS

Assessment of niammary gland development, organoid attachment and growth.
The body mass of the primates used is this study varied from 2,1-4.2 kg. Althoughino
record was kept by the animal facility an indication of the approsimi2 age of each
animal could be inferred from its physical appedrance and mass.

Selective collagenase and hyaluronidase digestion of primate mamimary tissue resulied

in the isolation of organolds, which are aggregates of epithelial and myoepitheslial cells
which have retained much of the lobular structure of the mammary gland of crigin.
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Three types of lobules were identified: (i) Johule type 1 (Lob 1), the least differentiated
structure is composed of a few alveolar buds clustered around a terminal duct (Fig.
2.18), (i} an intermediate iobule typa 2 (Lok 2) (Fig. 2.1b) and lobuler type 3 (Lob 3)
(Fig. 2.1¢), the most differentiaied lobule type.

It was observed that lower lobular development such as Lob 1 is associated with very
young or very old animals, a mixture of Lob 1 and 2 and Lob 2 with young mature
animals while Lob 3 was usually present only in old animals.

Organolds isolated and established in culture were sither oniy one lobule type, Lob 1 -
Lob 3 or a mixture of fwo types of lobules, L.ob 1 and 2.

ganoid attachment and growth in supplemented DIMEM:Hams F12.

The attachment and the growth responsiveness of primate mammary organoids
originating from 18 animals with different degrees of lobular development w 8
investigated. Thres groups were jdentified, less differentiated with Lob 1, moderately
differentiated with Lob 1 and 2 anidl Lob 2, and well differentiated Lob 3. For all groups
organoid attachment was observed within 24 hours and reaching a maximum by Jay
4 (Fig. 2.2.1-4)(Table 1}, Of the fotal number of organoids seedad the percentage of
organoids that had attacheq by the third day in vifro was 80% for Lob 1, 70% for Lob
1 gind 2, 56% for Lob 2 and 50% for Lob 3.

Light microscopic examination of PMEC in primary culture revealed that the first
outgrowths from the organoids were observed in cultures with Lob 1 from Day 2, Lob
1 and 2 from Day 3, Lob 2 from Day 4 and only from Day 5 for Lob 8 (Fig. 2.2.1-
4)(Table 1). The number of organcids that gave rise to outgrowths of viable epithelial
cells (Fig. 2.3) divided by the total numbe: of aftached organolds expressed as a
percentage measured the growth responsiveness of the erganoids originating from
tissue with different types of 1bule development. After 5 days in vitrg, growth in cultures

with Lob 1 development hiatd reached & maxirum of 90% (Fig. 2 1), while for Lob 1
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and 2 (Fig. 2,2.2), 50%, Lob 2 (Fig. 2.2.3), 42% and Lob 3 enly 5% growth was
observed (Fig. 2.2.4). |

The PMEC grew as a flat monolayer of cuboidal cells from he organoids in definite
closed colonies of cells (Fig. 2.3), if retained in this medium, PMEC unde'rgcs renewal
inhibition (34)(Fig. 2.4.a) and eventual celluiar senescence.

Once the growth curve of each organoid sample in culture reached a platsau the
calcium content of the medium was reduced to 0,04 mM. In subconfiuent cultures the
PMEC continued to grow as a monolayer Ofi@,\fﬁi’ééll;cubaidal cells with decreased cefl-
cell cantact (

At confluency (Fig. 2.4.b) no contact inhibition oceurred but rather new cells known as
the free floating cells (94 + 4% viable) are shed into the medium (Fig, 2.4.b). These
celis could be collected by centrifugation and be replated o give rise to further cuitures
of PMEC.
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Figure, 2.1, The lobular development of the primate

mammary gliand. Organoids isolated from the mammary
gland of Cerpithecus pygerythrus retains much of the
lobular structure of the mammary gland of origin. ) Lob 1
(Magrilfication x200), b) Loty 2 (Magnification x200) ¢) Lob
3 development (Magnificatiors x100). Alveolar buds (A) and
ducts (D), - S



PERCENTAGE -

22

Figure 2.2.1. Parcentage organoid attachment (~¢~) and
growth {-0-). Organoids isolatad from primates with Lob 1
developmernt were plated and cultured in suppiesmented
DMEM:F12 (n=3). Bars indicate SEM.
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Figure 2,2.2, Percentage organoid attachiment (e~} &nd
growth (~o-}, Organoids isolated from primates with Lob 1
and 2 development were plated and ocultured in
suramented DMEM:F12 (n=5) Bars indicate SEM.
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Figure 2,2.3. Percentage organoid attachrant (~e-) and

 growth (~0-), Organoids isolatad from primates with Lob 2

davelopment were plated and cultured In supplemented
DMEM:F12 (n=7), Bars indicate SEM.
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Figure 2.2.4. Percentage orgarioid attachgient (-e<) and
growth (~o-), Organoids isolated from primates with Lob 3
development were plated and éultured in supplemented
DMEM:F12 (n=8) Bars indicate SEM.



- TABLE 1: RELATIONSHIP BETWEEN LOBULE DEVELOPMENT, ORGANOID ATTACHMENT AND GROWTH.

DIEFERENTIATION LOBULETYPE n ATTACHMENT GROWTH
Daysa " Percent® Days® Percen®®
less 1 3 3 80 <2 20
Moderate 1and2 5 3 70 3 50
2 7 3 55 4 42
Well 3 3 3 50 5 - 5

11 = jumber of cultires established.

&= number of days in viko before maxdmal crganoid attachmeant is observed.
b = % atiachment where no further increase in attachment is obsemnved.

¢ = number of days i vifro before epithelial cell growth is ocbserved.

d = % growth from organolds observed on day 3.

9
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Figure 2.3, Gutgrowths of PMEC from a’ttaéhed orgahoids
plated in supplemented DMEM:F12 (Magnification x100),
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Figure 2.4, Effect of calcium on the morphology of PMEC
in vitro. PMEC were cultures in supplemented a)
DMEM:F12 (Magnification x100) and b) DMEM:F12(RC)
(Magnification x200), 1 showing free floatars.
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Doubling times and growth curves.

The doubling times of PMEC in tissue culture was determined using the crystzl\d violet
staining procedure. A standard curve (Fig. 2.5) was prepared by measuring the
enhancement of staining as measured at 535 nm of a knewn number of PMEC grown
In supplemented DMEM:F12(RC). A typical growth cusve for PMEC is depicted in Fig.
2.6, for culture 8(1). The doubling times of 5 cultures of PMEC grown in DMEM:F12
(RC) were 41 hrs for 2(1), 64 hrs for 3(1}, 87 hrs for 4(1), 19.5 hrs for 8(1) and 65.5 hrs
for 10(1).

A biphasic curve is observed for tite total number of free fioating cells that are
harvested from primarsy cultures 2(1}, 3(1) and 2(1) of PMEC (Fig. 2.7} in supplemented
DMEM:F12(RC). initlally, over a period of 9 days there is a linear increase in the total
yield of fres floating cells harvested from the tissue culture medium. A decreass in the
number of free floaters that are shed in to the tissue culture medium is sometimes
assoclated with a8 new type of cell in culture, This cell is large, slower growing,
multinucleated and does not divide (Fig. 2.8). Within & couple of days most of the
PMEC in culture undergo this change, the tissue culture medium beconies acidic, the
cells detach and the culture deteriorates rapidly
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Figure 2.5, Standard curve for the determinations of the
number of cells in tissue culture, A kniown number of PMEC
were plated and retained supplemented DMEM:F12(RC} for
48 hours. The number of celis were counted following
trypsinisation and the increase in absorbance due to
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containing the same nu-, her of cells,
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Figure 2.8. A typical PMEC growth curve, PMEC £.1) were
plated at density of 1,06 x 10° cells/em? in supplemented
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Figure 2.7, The total yieid of free floating cells harvested
from cultures 2(1)(~), 3(1}{~A~), and 4{1)(~s-) of
PMEC. The free floating cells in the tissue culture medium
wers coliected by centrifugation. The adharent cells giving
rise to the free fluaters were determinad following
trypsinisation of monolayers on completetion of each
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| Figure 2.8, A decroase in the number of free floaters that
ara shed into the madium is sometimes associated with -ti"ua.h.;\.1
ocourrence of large, nan-dividing multinucleated cells !
(Magnification x200)
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Figure 2.9.a and b Scgnning electron micrograph of PMEC
cultured in suppiemented DMEM:F12(RC) showing
decreased cell-sell contact, aimost no desmosomes and



Figure 2.10a and b. Scanning electron micrograph of
PMEC cuitured in supplemented DMEM:F12 showing
increased call-call contact, few microvilli and desiosomes
(Bars = 2um)
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Figure 2,11, Transmission eléctron micrograph of PMEC
cultured in DMEM:F12(RC) (Magnification x6450), (a)
showing distended endoplasmic reticulurr,(b)
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Ultrastructure of primate mammary epithelial cells in cell culture.

Uitrastructurally PMEC maintained in supplemented medium with a reduced calcium
content appeared rounded with very little cell-call contact, while broad lamellae and
many microvilli were observed on the outer membrane of the cell (Fig. 2.9a and 2.9b}.
By increasing the calcium content of the tissue culture medium to 1.06 mM, the
morphology of the cells changad dramatigally. The cells flattened, cell-cell contact
increased and desmosomes formed and the number of microvilli on the outer
membrane decreased (Fig. 2.10a and 2,10b). Transmission electron microscopy
revealed that the PMEC maintained in a tissue culture medium with a reduced calcium
content (Fig 2.11a) had a regular nucleus, a prominent nucteolus, a large number of
polisomes and mitochondria (Fig. 2.116) and a granular and distended endoplasmic
reticulum indicating @ high level of metabalic activity. Bundles of fine cytoplasmic
filaments or intermediate filaments appeared within the cytoplasm (Fig. 2.11b),
petinuciearty.

2.5 DISCUSSION

McPherson and Montagna (132) observed that the mammary gland of non-human
primates and the human breast differed mainly in their gross structure while the
glandular components are essentially identical. A system (10,22,23,126) that I8 used
to classify the lobular structure of the mammary gland of the rat and the human can
also be used for the classification of the lobular development of the nonhuman primate
Cercopithecus pygerythrus, Collagenase and hyaluronidase digsstion of Vervet
mammary tissue produced organolds which contained epithelial, myoepithelial and
stromal elements, whole retaining much of the lobular structure of the mammary tissue
of origin (31). Lobules types, Lob 1-3 were identified with Lob 1 usually assoclatad with
younger animals and Lob 3 with old animals,
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important determinant of lobular development. However, there ivere no records kept by
the H.A. Grové Research Centre of each animal's ae and reproductive history, It was
not possiple fo determine whether there was any relationship between age,
reproductive history, lobular development and growth In tissue culture as .*as been
described for human mai‘nmary tissuie (124-126).

The degres of organoid attachment was determined for cultures derived from primate
mammary tissue with different degrees of lobular development. Attachment of primate
mammary organoids was more rapid than has been reported for human mammary
organvids. The total percentage of organoids that attached to the fissue culture
substratum, was the highest for organoids derived from mammary tissue with less and
moderately differentiated lobule types. Qrganolds derived from wse  “rentiated
. human mammary tissue, Lob 3 exhibited delayed and derreased organoid attachment
(126). -

Russo et al (128) observed that human mammary organotds in culture reflact certain
properties of the intact tissus, where less differentiated lohular structures with a greater
proliferative rate attached and grew more efficiently than the more differentiated and
lese profiferating lobules, The rate of primate organoid growth in vifro reflectad to a
greater degree the differerices in growth responslveneés of organcids derived from
mammary tissue with different degrees of lobular development. Outgrowths of epithelial
cells were observed immediately following attachment of organoids from less
differentlated, Lob 1, while growth from organoids derived from moderate and well
differentiated mammary tissue was lower, Furthermore, Russo ef al (126) observed that
the highest yield of HMEC was obtained from primary culturas of organcids originating
fiom less differentiated lobule types.

As primate ‘issue with Lob 1, Lob 1 end 2 and Lob 2 development was the most
responsiva in vitro and aave rise to cultures of PMEC with high vislds of free floating
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A decreass in in vitro calcium, has been observed to alter csll morphoiogy and extend
the lifespan of mouse epidermal cells (78), rat esophageal cells (133) and HMEC
(34,35,61). The lifespan of PMEC is limited when the medium contains riormal (1.05
mivi) Ca® cancentrations, although nomal levels of calcium do promote the attachment
of organoids. By decreasing the calcium content of the tissue culture medium it is
possible to exténd the lifespan of mammary epithelial cells in tissue culture, Calcium
has a dramatic effect and reversible effect on the morphology of PMEC in vitro. At a
calcium concantration of 1.05 mM, PMEC /n vitro, are flattened, with extensive contact
between individual cells, desmosomes and only a few microvilli are present. In contrast,
with a reduction in the calcium content to 0.04 mM, the cells become rounded, with
Ftle or no contact between cells, broad lameifae and abundant microvilli are present.
New cells are shed into the tissue culture medium. These free floating cells can be
replated and were usad in subsequent experiments. The doubling times for cultures of
PMEC derived from less and moderately differentiated mammary tissue differed
considerably. A similar variation i the number of population doublings within cultures
derived from human mammary tissue with moderate development has baen described
{126). QOther unknown heritable properties may also influence mammary epithelial
growth in vitro.

PMEC have a fhite lifespan in tissue culture, where cellular senescence is associated
with & decrease in the number of free floating cells and the appearance of large flat
celis which do not undergo any cell divisions. Hammond ef a/ (44) described that in
cultures of normal HMEC that these slowly growing larger cells are diluted by the more
rapid multiplication of the smaller cells thus reestablishing a morphologically uniform
population by later passages. it was also obsetved that It was essential to include
¢AMP increasing agents that maintains an actively growing population during this
"s@lective period”, In culiures of PMEC such selection was not observed to ocour but
rather that these larger cells soon dominated the cultures, the medium became acidic
as these oslls detached and the cultures deteriorated rapidiy.
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population, with an extended lifespan in vitro, which reflecis mammary gland
differentiation in vive and retains many of the characteristics of the maramary epithelial
cell in vivo (2B},

The altachment and growth of organolids in vitro reflects the growth potential of the
tissue of origin, PMEC, in vitro are morphologically typically epithelial, and respond to
a decrease in extracellular calcium similarly to other epithelial cell types. The
establishment of cultures of PMEC with an extended lifespan, facilitates studi 3 within
a single cell population that retains the grow’ 1 properties of the tissue of n*lct , PMEC
were further characterised, by immunddetection of keratin and milk fat giobule protems
These results are presented in Chapters 3 and 4. '

Ry
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CHAPTER 3:

PRIMATE MAMMARY EPITHELIAL CELLS N WITRO EXPRESS KERATINS
ASSOCIATED WITH THE LUMINAL PHENOTYPE.

3.1 INTRODUCTION

The cytokeratins are a family of water insoluble proteins of 40-70 kDa, that form
intermediate filaments that are present in aimost all vertebrate epithelial cells (48-
59,134). The cytokeratins are invaluable in defining cell phenotype due to their
specificity, abundance and their high degree of antigenicity. Analysis of cytoieratin
patterns of epithetial cells i.e. expression of a particutar keratin or lack of it can be used
to characterise a specific cell type, s specific phenotype, degree of differentiation and
proliferative capability in vivo and in vifro can be determined (- 3,56,58,60,134).

In the normal resting mammary gland ‘he epithelial cell population can be
topographically divided in iwo groups, the luminal (54,62) and basal epithslium (25)
found between the luminal cells and the basement menibrane. immunocytochemically
it Is possible to distinguish between the luminal and basal epithelium by the
eytokeratins that are expressed (54,56,62,135). Myoepithelial cells express kerating K5,
K14, K15 and K17, lumenal epithelial cells express keratins K7, K& K18 and K19, while
an Intermediate "stem" cell type expresses buth types of kerating (60,66). Celiular
transformation leads the decreased regulation in the expression of sume of these
keratins, however those that are expressed are stiil representative of the tissue of origin
(52,53,135). Expression of keratins proteins by HMEC in vitro is highly conserved and
I8 representative of the human mammary gland (54,58,60-62), Keratin expression is
modulated by the origin of the cells (54,60), eoll morphology (80), cuiture substrate
(60}, tissue culture media (54,61} and growth factors (54,58).
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whether keratins found in primate mammary tissue are retained in vitro and are
associated with the luminal and/or myoepithelia! phenotype.

3.2 MATERIALS

Ali reagents used for electrophoretic procedures were analytical grade and were
purchased from either Merck (Darmstadt, Germany) or BDH Laboratory (Poole,
England). Immobilin PVDF was a Millipore product (Bedford, USA). The primary
antibody, anti-Cytokeratin 8.13 (mouse 1gG 2a) and antimouse 19G (whole molecule)
peroxidase conjugate was purchased from the Sigma Chainical Company (St. Louis,
USA).

3.3 METHODS
The cultivation of MCF-T cells,

The turnour cell line, MCF-7 cell line was obtained from Highveld Biologicaly (Kelvin).
The cells were maintained in DMEM containing 10 % fetal calf serum at 37°C (52,136}

Isolation of the cytokeratins from organoids, MCF-7 and PMEC.

MCF-7 cells and PMEC cuitured either in medium with a reduced calcium content were
collected by frypsinisation. Organoids and the cell peilets wers washed with PBS. The
peliet was suspended in 5 mM piperazine-N,N'-bis(2-ethane sulphanic acid)(PIPES) pH
6,1 containing 0.1 % Triton X100, 2 mM eihylensglycol-bis-(R-amino-ethylether)N,N'-
tetra acetic acid (EGTA) and 2 mit MgCl, for 2 hours. The insoluble material was
collected by centrifugation at 6 000 xg and was resuspended in twa volumes of 0,025
M imidazole pi 9.2 buffer conitaining 8-8.5 M urea and 5% mercapfoeitianol (136,137). |
The samples were mixed for 12 hours at room temperature,
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SDS polyacrylamide electrophoresis of the cytokeratin proteins.

SDS polyacrylamide electrophoresis (SDS-PAGE) was carried out using a Hoeffer
Mighty Small Slab Gel Electrophoresis unit (SE 250). Protein samples were separated
on a gel with 10%T and 2.8%C in 1.5 M Tris/HCI, 0.1% SDS pH 8.8 and a stacking gel
with 4%T and 2.7%C in a 0.5 M Tris/HCl, 0,1% SDS, pH 6.8,

Samples were prepared with a 1:1 dilution with 2 x treatment buffer, 0.125 M Tris/HCI
pH 6.8 containing 4% SDS, 20% giycerol and 2% 2-mercaptoethancl. Molecular mass
sta. wards were treated similarly. Two additional proteins namely pyruvate kinase (Mg
58 kDa} and L-glutamate dehydrogenase (My 53 kDa) were included for the more
accurate molecular mass determination,

The protein samples were separated at 20 mA per gel, with a 0.025 M Tris pH 8.3 tank
buifer containing 0,192 M glycine and 0.1% SDS at 10°C.

The gels were stained with a 0.125% Coomassie Blue R-250 solution prepared in 50%
methanol and 10% acetic acld and destained in 50% methanol, 10% acetic acid in H,0.

Protein transfer.

The cytokeratin proteins were blottad onto a immobilon PVYDF membrarnie using a LKB
semi dry transfer system. A transfer buffer system was used with two anode buffers (0.3
M Tris, pH 10.4 and 25 mM Tris, pH 10.4) and one cathode buffer (256 mM Tris, 40 miv
glycine and 40 mM 6-amino-n-hexanoic acld, pH 9.4) all cuntaining 10% methanol
(138). The gels were equilibrated for 5 minutes in the cathodic biffer, The separated
protein bands were blotted onto a Immobilon PVDF transfer membrane. The
membranes were -1+ *ed according to the manufactures directions which involved
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transferred for 60 minutes at 2.5 mAfem? Tne membranes were either stained for
protein or were used f~r Immunodetaction of the cytokeratin proteins. The gels were
always stained with Commassie Blue to verify that transfer was complete.

Immunodetection of the cytokeroti proteins.

The membrane was placed in blasking buffar, TBS, (20 mM Tris/HCI pH 7.5 containing
150 mM NaCl) containing 0.2% gelatin for 90 minutes at room terﬁperature. The blot
was transferred to TBS containing 0.2% gelatin and primary antibody diluted 1,500 and
‘incubated again for 12 hours at room tenperature, The membrane was washed four
times for 10 minutes with TBS containing 0.1% Tween 20 and was ‘. «n incubated with
the secondary antibody for 1 hour at room temperature. The secondary antibadly,
antimouse IgG (whole molecule) peroxidase cony. jate was diluted 1:2000 in ‘I".r"?‘s
containing 0.2% gelatin. The blot was washed twice with TBS cortaining 0,1% Tween
20 and twice in TBS, The substrate, 3,3-diaminobenzidine (DAB) was prepared as
follows; 0.03 g DAB in 50 ml TBS containing 3 mg NiCl,. Before use 10 pl H,0, was
added. The membranes were incubated in the substrate solution until the bands
appeared. The reaction was terminated by washing the blots into TBE. The memibranes
were air dried and stored.

3.4 RESULTS

A cytokeratin enriched fraction was prepared from MCF-7 cells, primate mammary
organoids and PMEG cultured in supplemented DMEM:.F12(RC)(Fig. 3.1a). Tha proteit
bands separated by SDS-PAGE wsre biotted onto a immobilon PVDF membrane.
Imhiunodetection of cytokerating was accompiished using a mixiure of antibodies
(C8.13) spexcific for K1, K5, K8, K7, K8, K10, K{i1 and K18.

The presence of the K8, K18 and K19 keratins in the MCF-7 cell line was suhstantisted
bv the praesenca of three proteins with a My of 52.5, 45 ..1d 40 kDa (Fin, 3.14) and the
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samples studied, Cytokeratins K8, K7 and K8/K11 (indistinguishable due to-similarities
in My) ware expressed by organoids prepared from primate mammary tissue and by
PMEC in culture. Although organoids and PMEC have the same cytokeraﬂn profue the
amounts of the different cytokerating expressed differ (Fig. 3.2 and 3.3). PMEC in vifro
show a decreass in the expression of K8 and an increase in the relative expression of
K7 and K6/K11 whien compared to primate mammary tissue in vivo.
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Figure 3.1a. SDS PAGE of cytokeratin enriched fraction
isolated from a) MCF-7 cells (3.2 ug), b) PMEC (RC)(2.5149)
and c¢) pyruvate kinase(58kDa)(1j4g), d) glutamate
dehydrogenase (53 kDa) (1ug) and moleculsr mass
standards (M} (i)bovine serum albumin, (64 kDa), (i)
ovalbumin (45 kDa) and (iii) gly-3-P dehydrogenase (36
kDa), Commassie blue staining.



LOG MOLECULAR MASS

485

47

>
2]

4,75

&
~

4.65

A 1 i . I ) 1 1 1

4.6

0.38 0.42 0,46 0.5
RELATIVE DISTANCE MIGRATED

Figure 3.1b. Calibration curve for the determination of tha
relative molecular masses of the cytokeratin proteins
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Figure 3.2. immunodetection of cytoketalins prasent in (a;
~ MCF-7 (3.2 ug), (H)PMEC-RC (2.6 1g) and (c) organold
" tissue (3.3 po). |
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Figure 3.3, Keratin profile of cytokeratins expressed by (&)

MCF~7 calls (~ -, (b) organoids Isolated *rom primaie .

mamimary tissue (...} and (¢) PMEC in vitro ().




3.5 DISCUSSION

Immunonistochemical studies undertaken by Magle ef al {56) revealed that the -
antibody mixture K 8.13 identified the luminal epithelium of ducts and acint of normal
and lactating mammary tissue. Positive staining was also observed for luminal cells of
the terminal ducts as well as epithellal cells from invasive lobular and ductal carcinoma.
" No staining was observed for any myoepithelial cell types. For this purpdse this
antibudy was used to determine whether PMEC In vifro expresses cytokeratins
associated with Juminal epithelial cells.

Organoids isolated by selective digestion of primate mammary tissue contain both
[uminal and basal cells derived from the primate mammary gland. K8, K6/11 and K7
were identified as the predominant keratins expressed in primate mammary tissue. K8
is a specific marker for luminal epithelial cells while K7 is expressed by luminal and
myoepithelial cells. K18 is present in primate organoids and PMEC /n vitro only as a
minor component, while K5, a myoepithelial associated cytokeratin is expressed by
both primate mammary organcids and PMEC in vifro. The keratin profile of separated
juminal and myoepithlial cells from normal human mammary tissue was studied by
- Dairkee et a/ (62). K7 foliowed by K8 was the predominant keratins expressed by
lumenat epithelial cells. In myoepithelial celis K& followed by K14 and K17 were the
principal keratins identified. Dairkee ef af (62) also observed that K6 was absent in the
myoepithelial and [uminal fraction derived from normal mammary tissue, K6 was the
predominant keratin expressed by HMEC in vitro while K18 a luminal keratin was
identified as a minor component HMEC cuitures, Myoepithelial keratins K& and K14
were the other major keratins exprassed in vifro, Trask et al (58) also observed that K6
is absent in normal human mammary tissue and is usually only elevated during growth
in cell culture and therefor is indicative of a hyperproliferative state, K&6/K11 is
expressed by primate mammary organoids and increased expression is observed by
PMEC in vitro. K11 Is 8 specific cytokeratin that is expressed by mouse luminal
epithelial cells (10). However this will need to be verified by using a more specific
antibody.
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‘The proliferation of specific cellular phenotypes is selectad for in different tissue culture
medias (54). In milk mix (MX) developed for growth of luminal cells from milk, the
mammary epithelial celis expressed mostly K7, K8, K18 and K19 associated with the
luminal cell phenotype. In medium MCDB 170 containing boy'ine pituitary extract which
was developed for the long-term growth of HMEC from reduction mammoplasty
organoids, K7 and the myoepithelial keratin, K14 is expressed but not K19 while in iater
passage an increass !s ohserved in K18, The HMEC lines, MCF-10 and MCF-12 and
subsequent. sublines developed from fibrocystic mammoplasty tissue expressed
predominantly K7, K8, K15, K16 (77). The prasense of K14 and K19 was variahle and
expression of K19 was lost in later passage- ;

Immunocytochemical analysis of monolayers of normat HMEC (54,60,77) have showrs
that these cultures are a heterogenous mixiure of myoepithelial, lumenai epithelial celis
and possibly a cell type with both myoepithelial and epithelial call proverties implying
that thé basal laysr may contain a stem cell type which can develop;;idng the luminal:.
linage. Furthermore, Rudland ef af (60) observed that the ex-"iression of tuminal, "
myvepithelial ard both luminal and rmyoepithelial keratins in primary cultures of HMEC
are associated with morphologically different cell types. |

The expresslon of & specific cellular phenolype, is determined by the origin of the cells
(54,8D), cellular substrate (80), cell culture media (54,61) and the effect of growth
tactors (64,58). Furthermore, mammary gland lobular development has been identified
as an important physiological factor that predetermines the growth of human and
primate mammary epithelial cells in vifro. Howaver the manner it which lobular
development may predetermine the dominant ceilular phenotype in vitra must still be
addressed.

The axpression or lack of expression of a perticular keratin can be used to characterige
a specific cell type. In this study the expression of cytokeratin proteins by PMEC in
culture is used to verify that the cells maintained in culture arz epithelial, Incroased
expressloh of K6 is associated with most mamtaary epithelial cells in vitro while K7 is
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present in HMEC derived from milk and reduction mammoplasties and is also present
in HMEC csll lines. Althi‘sugh both K8 and K5 are present as minor components it is not
~ possible to conclusively dstenmine tha pradominiant phenotype. Whether K11 a mouse |
iuminal keratin marker is present in pnmate mammary tissue and PIMEC in vitro can
only be determined with a monospecific antibody. To conclusively determine the exact
nature of the PMEC in vitro it is necessary to determine the presence of two other
important cytokeratins namely K19 (luminal eplihelial) and K14 {myoepithelial).
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CHAPTER 4:

THE PRIMATE MILK FAT GLOBULE PROTEINS AND EXPRESSION IN PRIMATE
MAMMARY EPITHELIAL CELLS IN VITRO,

4.1 INTRQDUCTION

The milk fat globule proteins (MFGP) are representative of the apical membrane of the
mammary epithelial cell (62,63,64). Immunohistochemical studies reveals that
antibodies raised against delipidated MFG membrane proteins binds specifically to the
outer surface of miik fat globule, the luminal epithelial call in vivo (61) normal HMEC
durived from breast milk (65,139), carcinomas (50,65) and cell lines derived from breast
carcinomas (50,74,141).

Immunocytochemistry reveais that MFGP-70 is expressed on the apical membrane of
cells lining the ducts (66-69) and the MFGP-155 (69,140) is preferially expressed on
the surface of luminal epithelial celis of the terminal ductules (70). MFGP-70 has been
identified as a protein bond by disulphide bonds to a larger protein (142) analogous to
a family of cervical and gastrin mucin proteins (143-146), Thiol reduction of proteoiytic
digests resuits in the release of this protsin,

HMFG1 and HMFG2 antibodies raised against MFGP-400 (72-74) differ with respect
to specificity; HMFG1 for metastatic ductal carcinomas and derived cell lines while
HMFG2 for lactating breast and normal HMEC cells derived from milk (73). Antibodies
SM-3 raised against the core protein of MFGP-400 are highiy specific for mammary
carcinomas {73). This epitope usually becomes exposed when adherent glycosylation
results in the exposure this epitope. Antibodies HMFG1, HMFG2, and SM-3,
recognized epltopes of the MFGP in the HMEZS lines, MCF-10 and MCF-12 (77} The
exprassion of MFGP antigens In primary cultures of HMEC (60) was assoclated with
morphologioally distinct cell types. Positive peripheral staining of the cuboidal/apical
and large flat cells identified these cells as luminal epithelial cells, while negative
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staining was observed for the large epithelicid/elongated cellis thereby confirming the
myoepithelial origin of these calls. '

Butyrophilinn (147), a 67 kDa component of the MFGP fraction of cow, goat, sheep,
guinea pig and rat is unrelated to human MFGP-70. Butyrophilin is however, detected
in the apical secretory epithelial celis of large and small ducts but not myepithelial calis.

The main aim of this investigation was to isolate the miik fat giobule proteins {MFGP)
from human milk and primate factating mammary tissue. To determine whether primate
MFGP are structurally and/or immunologically related to human MFGP. Furthermicre
it was necessary to establish whether PMEC, n vitro, express proteins assoclated with
the human and/or primate MFGP fraction, Antibodies raised against delipidated MFGP,
MFGP-70, MFGP-150 and HMFG2 are used In immunocytochemical studies to identify
the lumenatl mammary epithellal cell population in vitro. However very faw studies have
been undertaken to determine exactly which MFGP a7e expressed by mammary
epithelial cells in vitro.

4.2 MATERIALS

All reagents used for electrophoretic procedures were analytical grade and wers
purchased from either Merck Chemiicals (Darmstadt, Germany) or BDH Laboratory
(Poole, England).

‘Rabbit polyclanal against HMFG protein fraction and HMFG-2 was & Serotec product
(Oxford, England). The secondary antibodies used were antirabbit 1G {whole molecule)
peroxidase conjugate {Product number A-0545) or antimouse 1G (whole molecuie)
peroxidase conjugate was purchased from the Sigma Chemical Company (St Louis,
USA).
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4.3 METHODS

Isolation of the milk fat globule proteins from human milk and primate mammary tissue.

Human breast milk was extracted twice with two volumes of chioroform and tiwice with
two volumes of ether (139). Any excess organic selvent was removed under N,

Mammary tissue obtained from a primate that was lactating was lacerated, wshed in
RPMI medium for 30 minutes at 37°C. The tissue was pelleted at 500 xg for 15 minutes
and the supernatent was rerained for the extraction of the milk fat globule membrane
protelns. The supematant was extracted twice with two volumes of chioroform and (wice
with two volume of ether and any organic solvent remaining in the H,0 fraction was
removed as described above. The protein content of each sample was determined
using the Bio-Rad Protein Kit.

Preparation of MCF-7 and PMEC: cell lysates.

Monolayers of MCF-7 and PMEC were washed twice with PBS and were exposed for -
12 hrs to 0,125 M Tris/HCI oH 6.8 containing 4% SDS.

Preparation of tryptic fragments of milk fat globule proteins and cell lystates.

Human and primate MFGP fractions were diluted 1:1 with a 0.25% trvpsin solution
prepared in PBS. Trypsin digested fragments of MCF-7 and PMEC cell lystates were
prepared by incubating washed monolayers with 0.25% trypsin in PBS at 37°C for 24
hours,

SDS-PAGE of the milk fat globule proteins.

Electrophorasis was carried out using a Hoeffer Mighty Small Siab Gel Electrophoresis
unit (SE 250). SDS polyacrylamide elsctrophoresis was undertaken with a resolving gel
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acrylamide concentration of 10%T and 1%C with a 1.5 M Tris/fHC! pH 8.8 gel buifer and
a stacking gel acrylamida conceniration of 4%T and 1%C with a 0.5 M Tris/HC| pH 6.8
gel buffer, For the separation of high molecular mass comporients of the human and
primate MFGP fraction & 3-12%T and 1%C gel was prepared with a 2 mm, stacking gel
prepared as described above, |

Samples were prepared with a 1:1 dilution of 2 X treatment buffer, 0.125 M Tris/HC! pH
6.8 containing 4% SDS, 20% glycerol and with/without 2% 2-mercaptoethanol, and
were heated at 100°C for three minutes,

The protein samples were separated at 20 mA, per gel, with a 0.025 M Tris pH 8.3 tank
buffer containing 0.192 M glycine and 0.1% SDS at 10°C,

Protein staining.

The gels were stained with a 0,125% Commassie Blue R-250 solution prepared in 50%
methanol and 10% acetic acid and destained in §0% methanol, 10% acetic acid in H,0.

Periodic acid-silver staining of glycoproteins,

The periodic-silver staining procedure of Dubray and Bezard (148) Is & more sensitive
staining procedure for the detection of glycoproteins. Following SDS-PA™E the gels are
fixed overnight in 25% isopropancl and 10% acetic acid and then soaked for 30
minutes in 7.5% acetic acid. Following extansive washing with double distilled water for
3 hours, a freshly prepared ammonical silver solution was added. To prepare 100 m,
1.4 ml of fresh NH,OH wers added to 21 ml of 0.36% NaOH, To this solution, 4 ml of
a 19.6% AgNOQ, solution was added slowly while agitating vigorously, The gel was
exposed to this solution for 30 minutes bafore being weshed extensively, The gel was
transferred to a freshly prepared solution of 0.06% citric acid and 0.019% formaidehyde
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in 10% methanol. As the carbohydrate bands become more visible, the reaction was
terminatsd hy removing the gel from the developer solution placing in a 10% acetic acid
soiutior:.

Protein fransfer.

Following separation of the MFGP by SUS-PAGE, the proteins of unstaingd gels were
otted onte & Immobilon PYDF membrane using a LKB semi dry transfer system as
~ described for the detection of cytokeratins in Chapter 3.

Immunodetection of milk fat globule proteins.

The membrane blots were placed in blocking buffer, TTBS, {(20 mM Tris/HCI pH 7 5
containing 180 mi :4CY (TBS)) and 0.1% Twesen 20) containing 4% bovin- sérum
albumin for 2 hours at 4°C. The membranes were washed four times for 15 minutes with
TTBS. The primary antibody (rabbit polycional raised against human milk fat globule
protein) was prepared at & dilution of 1:1000 in TTBS contairing 4% BSA. The
membranes were incubated with the primary antibody solution overnight at 4°C. The
above washing step was repeated and the blots were incubated with the secondary
antibody for 90 minutes at room temperature. The secondary antibody, antirabbit 1G
(whole molecule) peroxidase conjugate (Product nuinber A-0545) was diluted 1:4000
in TTBS containing 4% BSA, The mambranes were again washed extensively in order
to reduce n.nspecific binding. The membranes were rinsed in TBS. The substrate, 3,3
diaminobenzidine (DAB) was prepared as follows a 0.03¢ DAB in 50 ml TBS containing
3 mg NiCl,. Before use 10 pl H,0, was added. The membranes were incubated in the
substrate solution until the bands appeared. The reaction was terminated by washing
the blots into TBS. The membranes were air dried and stored.
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Detection of human milk fat globule protein, MFGP-400,

The membrane blots were placed in blocking buffer, TTBS, (20 mM Tris/HC] pH 7.5
containing 150 mM NaCl (TBS) containing 0.2% gelatin for 90 minutes at room
temperature, The membranes were washed four times for 15 minutes with TBS. The
primary antibedy (mouse monoclonal, HMFG-2 antibody) was prepared at a dilution of
1:250 in TBS containing 0.2% gelatin. The mémbranes were incubated with the primary
antibody solution overnight at 4°C. The above washing step was repeated and the blots
were incubated with the secondary antibody for & hours at room temperature. The
secondary antibody, antimouse IG (whole moleculs) peroxidase conjugate diluted 1:500
in TBS containing 0.2% gelstin, The blots were stained as described above.

4.4 RESULTS
The primate milk fat globule proteins.

Chioroform/ether exiraction of the milk fat globule proteins from the milk of the primate
resulted in the isclation of two major glycoproteins with a My of 70 and 66 kDa (Fig.
4.1.1 A (b). Gchoprotein staining revealed the presence of a number of high molecular
mass glycoproteins (Fig. 4.1.1B(b}) which were not detectable by Commassie Blus |
staining. The anomalous behaviour of some membrane glycoproteins ot SDG-PAGE
has questioned the use of the usual protein markers for the determination of the
molecular mass of glycoproteins (148), For this purpose the human MFGPs with well
documented molacular masses were uged to determine the iy of the MFGPs isolated
from lactating primate mammary gland (Fig. 4.1.3). SDS-PAGE under reducing
conditions (with thiol reduction {+))revealed the prasence of six major human MFGP
{Fig. 4.1.1A(a) and Fig. 4.1.1B(b)) with the following molecular masses 70, 58, 52, 42,
39 and less than 10 kDa as described by Imam ef af (71). The greater sensitivity of the
periodic acid-silver staining method for giycoproteins assisted in the classification of
the primate milk fat globule proteins according to the PAS nomenclature for human
MFGPs (65,148).
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The 66 kDa protain present in the primate MFGP fraction is only present &* very low
concentrations in the human MFGP fraction (Fig. 4.1.1A(a) and Fig. 4.1.1B(a)).
Immunbprobing revealed that the polyclonat antibody against the whole MFGP fraction
of human (anti-MFGP) was specific for all human mitk fat globule proteins (Fig. 4.1.2
{1)(a,b)) and anly the: 70 kDa component of primete MFGP (MFGP-70) (Fig.4.1.2 (2)(c-
). Trypsinisation of human (Fig. 4.2,1(»)) and primate (Fig. 4.2.1.(c)) results in the
enrichment of MFGP-70 (Fig. 4.2.1.b and o) which stains positively with anti-HMFG
(Fig. 4.3.2(a) and Fig. 4.3.2 {v) respectivalﬁ. HMFG2 detected the MFGP-400
component in human milk, no cross reactivity was observed for any component of the
MFGP fraction isolated from lactating primate mammary tissue (results not shown).

SDS-PAGE (Fig, 4.2.2) under nonreducing conditions (Without thiol reduction (-)) of
human and primary fractions before and following trypsin digestion revealed the
absence of human {Fig. 4.2.2.2 and b) and primate (Fig. 4.2.2.c and d) MFGP-70,
}nmunostaining verified the absence of human (Fig. 4.3.1.(b) and Fig. 4.3.2.(b)) and
primate (Fig. 4.3.1.(d) and Fig. 4.3.2.(d)) MFGP-70 before and after trypsin digestion,
Increased expression of a 53 kDa protein (MFGP-63) was obsérved in MFGP fractions
derived from human and primate milk before (Fig. 4.3.1.(b) &nd (d)) and following
trypsin digestion (Fig. 4.3.2.(b) and (d)).
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Figure 4.1.1. SDS-PAGE of MFGP isofated from human

milk and primate mammary tissue, A) protein staining of &)
humar mitk (5 pg) and b) lactating primate mammary tissue
(5 110) and B) glycoprotein staining of a) bumarn milk (1 pg)
and b) lactating primate mammary tissue (1 Lg).
»Showing the positions of MFGP-200, MFGP-70, MFGP-
66, MFGP-58, MFGP-42 and MFGP-39,
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Figure 4.1.2, Immunodstection of MFGP isolated from (1)
human mitk a)0.5 pg) end b){(1 ug) and (2) lactating
primate mammary tissue ¢)(0.5 ug), d)(1 1g), e)(2 pg) ard
f)(4 ko) with anti-HMFG. »indicates MFGP-70,
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tactating primate mammary tissue with hurian MFGP as
standards i) 70, i) 58, Iif) 53, iv) 42 and v) 39 kDa,
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Figure 4.2.1. SDS-PAGE of MFGP in human milk and
primate mammary tissue with thiol grotp reduction (+). a)
human milk { 5 ug), b) tryptic digest of human milk (3.8 pd,
human milk + 1.2 ug trypsin), ¢) lactating primate mammaryL
tissue (6 Hg) and dtryptic digasts of primate mammary
tissue (3.8 Jg lactating primate mammary tissue + 1.2 Hg
trypsin). Commassie blue staining. Indicates the position
of MFGP-70.
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Figure 4.2.2, SDS-PAGE of MFGP in human milk and
primate memmeéry tissue without thiol group reduction (-).
a) human milk ( 5 {g), b) tryptic digests of human milk (3.8
Hg human milk + 1.2 pg trypsin), ¢) lactating primate
mammary tissue (5 ug) and d) tryptic digests of lactating
primate mammary tissue (3.8 ug lactating primate
mammary tissue + 1.2 ug trypsin), e) trypsin (1 Pg) and )
tryptic digests of MCF-7 (4.0 ug). Molecular mass
standards (M) are i} myosin (200 kDa), 1i} phosphorylase b
(87 kDa), lii) BSA (68 kDa), iv} ovalbumin (45 kDa) ana
carbonic anhydrase (30 kDa). Commassie blue staining.
»|ndicates the pesition of MFGP-70 and MFGP-53,
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Figure 4.3.1. Immunodetaction of human and primate
MFGP with anti-MFGP in human miik (2.5 pg) a) with (+)
and b) without () thiol reduction and lactating primate
mammary tissue (2.5 pg) ¢) with (+) and d) without (-) thiol
reduction.>Indicates the position of MFGP-200, MFGP-70
and MFGP-53,



Figeire 4.3.2. Immunodetection of iryptic digests of human
and primate MFGP with anti-MFGP ity human milk (2.5 ug)
a) with (+) and b) without (=) thiol reduction arid lactating
primate mammary tissue (2.5 ug) ) with (+) and d) without
(-} thiol reduction. »Indicates the position of MFGP-200,
MFGP-70 and MFGP-53,
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Figure 4.4.1, SDS-PAGE of a) tryptic digests of human (2.5
pg) and by primate (2.5 ug) MFGP, ¢) MCF-7 cell lystate
(8.7 ug), and d) tryptic digests of MCF-7 cells (4.0 g}, (a-
d) with (+) thiol group reduction and e) tryptic digests of
MCF-7 (4.0 pg) cells without (-) thiol group reduction.
Molecular mass standards are i) myosin (200 kDa), ii)
phosphorylase b (87 kDa), iii) BSA (68 kDa), iv) ovalbumin
(45 kDa) and carbonic anhydrase (30 kDa). Commassie
blue staining. »Indicates the position of MFGP-70 and
MFGP-53.
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Figure 4.4.2, SDS-PAGE of tryptic digests of a) human milk
(2.5 pg) and b} tryptic digests of primate milk (2.5 pg), ¢)
PMEC lystate (10.0 ug), and d) tryptic digests of PMEC (6
g}, a<d) with (+) thiol group reduction ande) tryptic digests
of PMEC (6.0 pg) without (-} thiol group reduction,
~ Commassie blue staining, »Indicates the position of
MFGP-70 and MFGP-53.
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Figure 4.5.1 Immunodetectior: of MFGP isolated from &)

human mitk (5 4g), b} lactating primate mammary tissue (5
ug), ©) MCF-7 {4 ug), d) PMEC lysate (6 ug), trypsin
digests of &) MCF-7 call (4 1ig) and f) PMEC lysates (6 lg),
a)-f) with thiol reduction {+). »Indicates the position of
MEGP-200 and MFGP-70.
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Figure 4.5.2 Immuncdetection of MFGP isolated from a)
human mitk (5 pg), b} lactating primate mammary tissue{5
pg), trvotic digestion of ¢} human milk (2.5 yg), d) lactating
primate mammary tissue {2.5 ug), e) MCF-7 (4 pg) and f)
PMEC lysate (5 ug), a)f) without (-j thiol reduction.
»Indicates the position of MiFGP-200 and MFGP-53,
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4.5 DISCUSSION

The MFGP fraction was isolated from human and lactating primate mammary tissue,
The primate MEGP fraction cohsisted of two major protens with a My, of 66 kDa and 70
kDa. It has been reported that repeated extraction of bovine MFG membrane with
solutions containing high ¢concentrations of salts leads to the enrichment of the
butyrophilin at the expense of more periphetal components of the membrane (64,69).
The primate MFGP fraction was extracted from lacerated primate mammary fissue
suspended in tissue culture medium with a high salt content which led to the
enrichment of the 70 kDa and 68 kDa components. Immunaoblotting with polyclonal
antibodies raised against human MFGP showed cross reactivity with the primate
ME3P-70 and not the 66 kiDa protein. Heid ef af (160) identified butyrophilin as a 67
KDa transmembrane protein, found in the apical membrane of lactating mammary
epithelial cells which was unrelated to MFGP-70 identified by Imam et af (69).
Sequence ahalysis (147) of bovine butyrophilin reveals a close sequence homology to
the ret finger protein which is expressed by a number of tumour cell fines, mouse testis
and embryonic tissue which like the mammary gland undergoes g<-iods of rapid celi
divisivn. Mather and Jack (142) have postulated that the humar & FGP fraction may
contain a butyrophylin-like protein, based on ¢riteria such a Mg, isoslectric point and
peptide composition.

Duwa and Cerlani (141) * -~ribed the presence of a 63 kDa protein assoclated with
MFGP-70 in the human tiFGP fraction and both were released from a large mucin
(>400 kDa) under reducing conditions, SDS-PAGE under non-reducing and
immunodetection reveagled that the MFGP-70 of the human and primate MFGP fraction
was covalently bound to a larger molecule, but not the 66 kDa primate protein. A
detailed analysis is required to verify whether this 66 kDa cumponent is primate
butyrophilin.

Thie presence of a linkage protéin bound by disulphide bonds to a larger moleculs is
a sommon characteristic of a family of mucin proteins from diverse species and types
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of tissue (143-146). Ultrastructurally these mucins consist of high molecular mass
subunits joined by disulphide bonds to a smaller linkage protein. The epitopses of the
small linkage proteins are "cryptic” and are probably shielded within the folded protein
domains by large glycosylated moisties. This could account for the  poor
immunocytochemical staining of normal 8sd cancerous tissue observed by Petersoh
ef al (151) when using a monocional antibody specific for MFGP-70. Proteclytic
digastion, forms fragments composed of oligosacearides that are tightly packed on &
central protein core (145), Thiol reduction leads to an enrichment of this linkage
protein. Urider nonreducing eonditions the 70 kDa protein disappears while a 53 kDa
component and léss than 53 kDa componerde are detectsd. Therefore MFGP-70 is
possibly a linkage protein bound by disuphide bonds to a larger molecule found in the
MFGP fraction of human and primate, Expression of a 200 kDa protsin is only detected
by immunoblotting in MFGP fractions derived from human mitk,

imnunocytochemical analysis of normal and tumour derived HMEC with antibodies
raised against human MFGP-70 is specific for the apical membrane of these celis
(66,67,68}. No positive staining has been observed by immuncbiotting and this has
been ascribed to an alfered antigenic determinant following electrophoresis. However,
possible alteration in the antigenic determinant during preparation of cellular lysates
is unlikely, as the same effect would be observed for the MFGP fraction isolated from
human and primate MFGP fraction. The absence of MFGP-70 in trypsin digests of
MCF-7 cells and PMEC implies that homologous epitapes are present in other
mammary epithelial cell proteins. A cDNA spacific for the 70 kDa protein of the human
MFGP fraction, recognizes a 1.8 kDa RNA which is expressed in MCF-7 lines (180).

Electrophoresis of tryptic digests of a MCF-7 monolayer and PMEC following thiol
reduction revealed the presence of & 65 kDa and a 62 kDa protein respectively, linked
to & larger protein and which does not stain with anti-MFGP. The possible rélationship
betwean this protein and MFGP-70 must still be determined.

Without thiol reduction a 53 kDa protein, MFGP-53, possibly consisting either of two
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smaller proteins linked by disulphide bonds or a single protein with an antigenic
daterminant dependent an an intact disulphide bond and which stains positively with
‘anti-MFGP Is detected in MCF-7 and PMEC. A family of related proteins, PAS-6, PAS-
7 from bovine (153,154), MFG-E8 from: mouse (185), GP-55 from guinea pig (156) and
a 46 kDa component of human MFGP fraction has baen ideniified (157). PAS-6 and
FA8-7, with My, of 53 kDa and 58 kDa and MFG-EB isoforms with My, of 55 kDa and 66
kD& are the result of glycosylation of a 51.5 kDa polypentide. Mather ef af (156)
obsarved a high degree of amino acid sequence homology between MFG-E8 and GP-
58. The human 46 kDa pratein appsars to represent a truncated versian of the 66 kDa
isoform of MFG-E8. This family of proteins have a sequence homology with human
coagulation factors, Vilt and V regions inveolved in phospholipid binding while MFG-E8
also has epidermal growth factor like domains (156). Aoki ef al (153) identified bovine
PAS 6 (58 kDa) and PAS 7 (53 kDa) as proteins resistant to trypsin digestion. The
sequence of the related human 46 kDa protein reveals the absence of trypsin digeéiion
sitas and possible sites for thiol linkage (167). A cDNA probe, detects a 2.2 kb RNA In
a number of carcinoma cell lines including the MCF-7 cell line {158). The expression
of a §3 kDa MFGFP by MCF-7 and PMEC related to bovine PAS-6 and PAS-7, mouse
MFG-EB8. and guinea pig GP-55 needs to be verified using DNA probes.

Another important group of mucin proteins are the sialomucins, which are not
compesed of homo- or heteromeres linked by disulphide bonds (160-162). Antibodies
against MAM-6 recognizes two glycoproteins with a Mg >400 kDa. HMFG2 recognizes
an antigenic determinant of MAM-6 which in MCF-7 cells recognizes a group of
proteins with a My of 250-80 kDa, HMGF2 is highly spacies specific and does bind high
molacular mass comporients of the primate milk fat globule proteins. Sialic acia
residues contribute greatly to the species and tissue specificity (163,164) and the
“complexity of MAM-6 aritigenicity could be atiributed to differential glycosylation
(74,162). The core protein of many mucins protsins is conserved between different
fissues and species. 1he 8M-3 antibody recognizes the core protein of HMFG-400, it
only reacts positively with tumour cells and immortalized cell lines where adherent
glycosylation exposes this epitope,
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Therefore only with the development of species specific antibodies can the expression.
of slalomucing In PMEC be determined. Alternatively, as glycosylation is a
posttranscriptional modification which is highly species, differentiation and ilssue
dependent use of DNA coding for a .domain of the core protein can be used to
determine mRNA expression,

MFGP prasent lactating primate mamiary tissue are structurally and immunclogicaliy ;
refated to the hman MFGPs, Furthermore, a MFGP of 53 kDa expres.&d by PMF
vitro, is immunologically and structtirally | ralated to a similar protein iy the humﬁ
primate MFGP tg_a;action and the MCF-7 celi line. L
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CHAPTER 5:

THE EFFECT OF DIMETHYLBENZ(A)JANTHRACENE ON PRIMATE MAMMARY
EPITHELIAL CELL SURVIVAL.

5.1 INTRODUCTION

The 7,12-dimethylbenz(a)anthracene (DMBA) rat model for mammary carcinogenesis
has furthered the understanding of the mechanisms involved in tumour initiation,
hormonal and dietary moduiation and promotion {10,22,26,115,165,166). DMBA is
metabolized to the 4,4 diol-1,2-oxide that interacts with DNA (164,165) and induces
mahmaw tuimorigenesis in Sprague-Dawley rats. However, normal HVMEC are highly
resistant to cellufar transformation with chermical carcinogens {99,100,102,103,104},
Exposure of HMEC to a number of carcinogens have lead to the (dentification of
partially ti'ansformed phenotypes (99). Characteristic of these cells is increased
survival, colony formation efficiency, alterations in karyotype and ampilification of the
ras proto-oncogene {99).

The cytotoxic sffect of DMBA was studiad by measuring mitochondrial succinate
dehydrogenase activity, crystal violet uptake and the direct measurement of cellular
DNA. The MT1/succinate dehydrogenase inhibition assay (167,168) correlates with
colony formation down to survival levels of 10% for a number of cytotoxic agents and
radiation (168). The number of cells in culture following exposure to DMBA was
datermined by measuring crystal violet uptake (131) and total cell DNA (170).

A sensitive method routinely used for the microdetermination of DNA estimates the
increase in fluorescsnca, induced by Hoechst 33258 when the dye complexes with
DNA (171-174). Hoechst 33268 (bisbenzamide: (2-(4-hydroxyphenyl)-5-[4-methyl-1-
piperazinyl]-2,5'-bl-1 H-benzimidazotej){Hos) binds specifically i the adenina-thymidine
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base pairs of DNA (174~176) and bacause of its high quantum efficiency and specificity
for DNA, it can bs used for the determination of the DNA content in most biological
tissues'(1-75,177). However, it was obsarved that the background fluorescence is
enhanced in the presance of 0.05% sndium dodecyl sulphate (SDS), resulting in non-
linear calibration curves (168,178, 179). This phenomenon has restricted the use of
Hoe for the quantification of DNA in ceil cultures. Therefore to quantify DNA it cell
cultures the masking effect of SDS must be reduced to be able to combine the
effectiveness of SDS in cell dissolution with the specificity and sensitivity of Hoe for
DNA analysis.

A simple assay to determine celiular DNA content (170) was developed and this
method was compared with the crystal violet assay (131) to determine the effect of
DMBA on PMEC number in vifro while cell viability was determined by measuring
succinate dehydrogenase activity (167,168).

5.2 MATERIALS

$DS, Triton X100 (TX100), cetyltrimethyl ammonium bromide (CTAB) was purchaseu
from Merck (Darmstadt, Germany). Cholic acid, sodium salt and Hoechst 33258 were
obtained from the Sigma Chemical Company (St. Louis, USA). Butano! and all other
reagents were of analytical grade and were from Merck (Darmstadt, Germany). Calf
thymu.., DNA (high molecular mass) was obtalned from Boehringer Mannhheim
(Mannheim, Germany). MCF-7 cells, medium and other tissue culture products were
purchased from Highveld Biologicals (Sandton, South Africa). 7,12-Dimethylbenz(a)-
anthracene and dimethyisulphionyloxide (DMSO) were purchased from the Sigma
Chemical Company (St. Louls, USA). Crystal violet, 3-{4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide)(MTT) was purchased from Merck (Darmstadt, Germany).
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5.3 METHODS

Exposure of PMEC to'DMBA for 3, 24 and 48 hours.

PMEC were plated at a concentration of 8.5x 10° cells/em? ity a 96 well microtiter plate.

After incubation for 24 hours at 37°C in 5% CO,, ths cells were exposed to the following

concentrations of DMBA, 0-16 UM for 3 hours and 0-1.95 pM for 24 and 48 hours. A

stock solution of 0.4 mgimi DMBA in DMSO was prepared and stored in the dark at

4°C, Prior to each experiment an appropriate dilution of DMBA was prepared with a

final DMSO concentration for all assay points of 0,15%. After an incubation period of

I} 3 hours, 1i) 24 and iii) 48 hours, the DMBA containing medium was removed, the cells

were washed with medium and replaced with DMEM:F12 (RC) supplemented as
described previously. The cells were maintained in this medium with regular media

changes for a further 6 days.

Crystal Violet assay.

Cell number was determined by the crystal violet assay as described by Kueng ef a/
(131).

Succinate dehydrogenase inhibition assay/MTT assay.

The medium was replaced with 250 ul supplemented DMEM:F12(RC) containing 50 pl
of & 1mg/mt MTT stock solution (168). The cells were incubated in the presence of MTT
at 37°C in a humidified atmosphere in the presence of air/CO,. After a 4 hour
incubation period, the medium was carefully remaved, the adherent cells were washed
with PBS and the inscluble formazan product was solubilized in 100 pl acld isopropanol
(0.04 M HCI in isopropanol). Absorbance is measured at 590 nm Jsing a Titertek
Multiscan plate reader, All assays were done in guadruple,
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Effect of SDS on Hoe fluprescence.

A 0-8 mM (0-0.23%) SDS coricentration series was prepared in 10 mM Tris/HCI bufer,
pH 7, with or without 3.11 mM cholate or in 10 mM TrisJHCI, 0.5 M NaCl, pH 7 with or
without 3.11 mi cholate. A 0-8.2 mM cholate concentration series in 10 mM Tris/HC,
pH 7, containing 0.5 M NaCl was also prepared.

Effect of n-butanol on SDS-Hoe flucrescence.

To 1,45 mM samplas of SDS in 10 mM Tris/HGY 1 M NaCl, pH 7, increasing amounts
of n-butanol were added.

The efferct of SDS, Cetyltrimethylammonium bromide and Triton X100 an Hoe
fluorescence,

Sodium dodecyl sulphai.: at a concentration of 4.6 mivl (0.13%) was prepared in the
following buifers: 10 mM Tris/HCI buffer, pH 7, with or without 3.11 mM cholate and 10
miM Tris/Cl, 0.5 M NaCl, pH 7, with or without 3.11 mM cholate, CTAB at a
concentration of 3.66 mM (0.13%) was prepared in 10 mM Tris/HCI buffer pH 7 with or
without 3.11 mM cholate and 10 mM Tris/HCI, 0,5 M KBr, pH 7, with or without 3.11 mM
cholate, TX~100 at a concentration of 0,13% was prepared in the same buffers as for
SDS.

The effect of pH on SD8-Hoe inferactions.

8DS at a concentration of 4.6 mM was prepared in a 10 mM Tris/HCI contalning 1M
NaCl at pH 7, 8, 9 and 10.
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DNA Standard curves,

Calf thymus DNA, 100ug/ml, (high molesular mass){Boehringer Mannheim, Germany)
was prepared in 10 mM Tris/HCI, pH 7, and the final concentration was determined at
260 nm with a molecular cosfficient of 6800 Mcm (179), Serlally diluted DNA
standards of 0-200 ng/mi were prepared from this stock solution, The DNA samples
were prepared in 10 mM Tris/HCI, 0.5 M NaCl, pH 7, with or without 4.6 mM SDS. An
identical DNA concentration series was prepared in 10 mM Tris/HCI, pH 7, 0.5 NaCl,
3.11 mM cholate, pH 7, without or with 2.3, 4.8 or 6.9 mM SDS. The same DNA series
wag prepared in 10 mM Tris/HCI, pH 8, containing 1 M NaCl with or without 4.6 mM
8SDS.

Fluorometric Determination,

From a stock solution (2.34 x 10 M) of Hoachst 33258 a fresh working solution of 2,34
x 10 M Hoa was prepared dally. The final concentration of the working solution was
determined speclrophotometricélly at 388 nm using a molar extinction coefficient of 42
200 M'em™ (174). The final volume of ali samples was 2 ml, to which 1 m! of Hoe
working solution prepared In 10 mM Tris/HC| at the appropriate pH and salt
concentration was added. Alf defergent, TNA, and cell concentrations are calcuiated
in terms of the final agsay volums. Each sample was mixed well and the fluorescencs
was measured in duplicate with the excitation wavelength at 350 nra and emission
wavelength at 460 nim it a Hitachi F-2000 fluorescence specirophotometer, |

Determination of ceflular DNA.

MCF-7 cells were maintained in EMEM containing 10% FCS$ at 37°C. The cells were
trypsinized and washed in PBS. A standard series of 1x10% - 5x10° cells in 50 11l PBS
was prepared, and a 200 pl aliguot of a 98 mivl (2%) SDS solution in 10 mM Tris/HC,
pH 7, containing either 0.5 or 2 M NaCl was added to each sample. The samples were
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mixed well. A duplicate group of cells was éxposed fo 500 ugimi proteinase K prepared
in the appropriate buffers. All samples were incubated at 65°C for 1 hour, To each
sample 200 il of a 2% cholate sclution prepared in 10 mM Tris/HC!, pH 7, containing
0.5M NaCl was added. Samples are sonicated on a low energy setting and each series
was made up to 2 ml in 10 mM Tris/HC!, pH 7, containing 0.5 M NaCl, All samples were
processed! further as previously described, | |

Brief protocol for the quantification of DNA in cell culture.

Plate celis in & 24 well multidish at a csll density of 5 x10% ~ 1 x 10* cells/cm?

T determine the DNA content of the cslls in each well,

aspirate the medium and wash the monolayer twice with 10 mM Tris/HCI, pH 7.

Blot dry by inverting the multidish on a piece of tissue paper.

Add 200 ul of a warm (46°C) 2% SDS solution prepared in 10 mM Tris/HCH, pH 7 to
each well,

Mix by gentle tilting until the monolayer forms a visccus mixture,

Add 200 il of a 10 mM Tris/HCI, 4 M WaCli, pH 7, solution as weit as 50 pl of a 2 mg/mi
proteinase K solution prepared in 10 mM Tris/HCI, pH 7.

Incubate at 65°C for at least 1 hour.

While stilf warm add 200 ul of a 10 miv Tris/HCI, 3.11 mM cholate, 0.5 M NaCl, pH 7,
buffer. '

Mix well,

Samples can be stared at 4°C,

Transfer {o test tubes,

Add 350 pl of a 10 mivi Tris/HCI, pH 7, buffer containing 0.5 M NaCi.

Sonicate on a low enerqy setting,

Add 1 m! Hoe working solution (2.34 x 10 M Hoe in 10 mM Tris/HC), 0.5 M NaCl,
pH 7).

Measure fluorescance st EX 350 nm and EM 460 nm.

Prepare a standard curve from a standard series of célls as previously described.
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Hoechst-DNA assay.

A standard curve for the dstermination of the number of PMEC attached following
exposure to DMBA was prepared as follows, Monolayers derived from 2 different
cuiliv. 28 were trypsinized, the celis were washed with PBS and a series of 0.5-10 x 10/
calls in 100 4, 10 mM Tris/0.5 M NaC), pH 7.0 was prepared. These PMEC as well as
adherent PMEC which were exposad to DMBA were lysed with 100 pl, 2% SDS and
processed further as described above. .

5.4 RESULTS
The effect of DMBA on PMEC succinate dehydrogenase activily.

PMEC was exposed to 0-9.75 M DMBA for 3 hours and 0-1.95 pM DMBA for 24 and
48 hours and succinate dehydrogenase activity was measured 6 days later. A sigmoidal
decrease in sulcinate dshydrogenase activity was observed (Fig. 5.1). A procedure
was developed for the measurement of cell DNA and this procadure was conpared with
the standard methods of cell enumeration. The number of cells attached following
DMBA exposure was determined by measuring crystal violet uptake =ad cell DNA
content, '

The intaraction between Hoechst and SDS micelle.

In the abserice of DNA and at a constant concantration of Hoe a sigmoidal Increase in
fluorescence is observed with increasing concentrations of SDS (Fig. 6.2), This
increase in fiuorescence ocecurs in the region of the critical micellar concantration
(CMCY); (8.2 mM without and 0.51 mM in the presence of 0.5 M NaCl) (179,180) of SDS.
Furthermore, the addition of butanol, an agent which disrupts SDS micelle structure,
causes a rapid decline in fluorescence {Fig.5.3).
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Increasing concentrations of SDS in the presence of 0.5 M NaCl at a constant Hoe
concentration results in an incregse In filorescence at lower SD$ concentrations with
" a 38% decrease in total fluorescence at higher SDS concentrations (Fig. 5.2) when
compared to fluorescence measured in the absence of NaCl.
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“I'he non-specific absorbtion that is observed as a result of the interaction between Hoa
and the 8DS micells, is not limited to SDS but the same effect is observed for other
 detergents such as the cationic detergent, CTAB and the nonionic detergent TX-100
at concentrations above thair respective CMC's (Fig. 5.4).

The increase in fluorescence above the CMC of CTAB is further enhanced following
an increasa in the counterion concentration to 0.5 M, whereas for 8DS in gha pressnce
of 0.5 M NaCl a dacrease in fluorescence was observed (Figs, 5.2 and §.4),

A mixture of cholate and CTAB results in tho formation of mixed micelies (181) which
also exhibits increased fluorescence in the prasence of Hoe. An increase i the

sounterion, Br- concentration results in a further enhance -’t}n fluorescence which
is greater than that obssrved for the pure CTAB micelie in the-presence of 0.5 M KBr,

The addition of cholateio a SDS solution above its CMC results in a 30% decrease in
fluorescence which Is diminished by a further 30% with an increase in the counterion
concentration (Figs. 5.2 and 5.4). At a constant Hoe concentration, an incréase_in
fluorescence Is aiso absarved with increasing concentrations of cholate, however o
. decrease in fluorescence was observed In presence of NaCl (Fig 5.2).
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DNA standard curves.

With Hoe as fluorochrome a linear increase in fluorescence was obssrved with
increasing DNA concentration (Flg. 5.5). In the presence of 2.3 mM SDS it is not
possible to determine less than 200 ng DNA and it is only above this DNA
concentration that a iinear correlation between fluorescence and DNA concentration
is obtained. The inclusion of chiolate had no effect on the gradient of the DNA standard
curve, In the presence of 2.3, 4.6 and 6.9 mM SDS and 3.11 mM cholate there is a
decreass in the gradient of the DNA standard curve. However, iinearity is maintained
and it is possible to accurately measure as litle as 15 ng/ml DNA in the presence of
0.06, Q.18 and 0.2% (2.3, 4.6 and 6.9 mM) SDS.

The inferaction between the SDS micsile and Hoe is pH dependent. By increasing the
pH of the buffer from 7 to 9 there is a 96% decrease in Hoe-SDS micslle fluorescence
while at pH 9 there is only a 40% decrease in Hoe-DNA fluorescenice (Fig. 5.6). At pH
9 with Hoe as fluorochrome a linear increase in fluorescence is cbserved with
increasing DNA concentration (Fig. 5.7). At the same Hoe concentration in the
presence of 4.6 mM SDS there is a decreasa in the gradient of the standard curve.
Linearity is maintained and it is still possible to accurately measure less than 15 ng/ml
DNA in the presence of 0.13% (4.6 mM) SDS.

Assaying DNA in the presence of high concentratiors of SDS facilitates the direct
quantification of cellular DNA following cell dissolution with SDS (Fig. 5.8). Increasing
the NaCl concentration from 0.5 to 2 M resuits in a 50% enhancement of fluorescence
which can ba further enhanced by 10%s, & llowing a 80 minute incubation of the cellular
lysate with proteinase K. With this assay it Is possible to measure as little as 5 x 10°
gells/ml (Fig 5.8.) .
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The effect of DMBA on dell survival meastred by the crystal violel, the succinate
dehydrogenase inhibition and Hoe-DNA assay.

The effect of DMBA on call survival was determined by measuring the decreasa in
suctinate dehydrcgenase activity, the uptake of crystal violet and cellular DNA. These
parameters were measured, 6 days after 3, 24 and 48 hours exposure to DMBA. Two
controls (i) without DMBA and DMSO and (ji) without DMBA and with DMSO were
included. The presence of DMSO without DMBA increased cell growth measured by
both methods by 15% (SEM 8%, for 5§ different cultures). Exposure of PMEC to
increasing concentradons of DMBA resulted a sigmoidal decrease in succinate
dehydrogenase activity,

Exposure of PMEC to 0-16 pM DMBA for 3 hours at 0,05 uM (Fig. 5.10) resulted in a
rapid decrease in succinate dehydrogenase activity of 70% and number of cells of 30%
and 2% defermined by crystal violet uptake and the Hoe-DNA assay respectively.
Differences in the number of cells in vifro was obsetved for DMBA concentrations from
0-7 UM, while at DMBA concentrations greater than 7 pM both methods measured a
30% decrease in cell number.

Exposure of PMEC to 0-1.95 pM DMBA tor 24 hours (Fig. 5.11) resulted in a 50%
decrease in succinate dehydrogenase activity, an average of 30% detirease in the
percentage of celis attached from 0-0,78 UM DMBA. At DMBA concentratiaons greater
than 0.78 UM, no differences were measured by all three methods. Exposure of PMEC
toe 0-1.95 uM DMBA for 48 hours (Fig. 5.12) resulted in a sigmoidal decrease to 75%
at 0.78 pM DMBA in succinate dehydrogenase activity and number of cells me=sured
by crystai violet uptake, A iess rapid decrease ir. the numbsr of cells was observed
whan measuring cellular DNA. At DMBA concentrations greater than 1.56 M DMBA,
no differences were observed for all three methods.
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5.5 DISCUSSION

Colony formation is frequently used to detefm;ne: cell survival following exposure to
cytotoxic agents. This procsdure is dependent on the sustained proliferation of single
cells (168,168). Use of this tethod to determine cell survival is limited as PMEC
harvested from each culture are few, high seeding concentrations are required and
PMEC cultured in reduced calcium medium form diffuse colonies that are difficult to
score. Furthermors, the results may require 2-3 weeks to obtain by which time many
epithelial cell cultures may have undergons terminal differentiation.

Most methods used 1o determine cell nymber involve the measurement of total celuiar
protein or the activity of a specific enityme. An important criterion when studying the
offects of carcinogens, hormones, growth factors, and metabolic inhibitors on cell
growth in culture is that the parameter used to determine cell number remains
essentially unaltered. Celi DNA content remains essentially constant under most
experimental conditioris and is therefore directly proportional to the number of cells in
culivre.

Succinate dehydrdgenase is part of the inner mitochondrial membrane is a compenent
of Complex ll of the electron transport chain and is highly sensitive to changes in cell
homeostasis (167,168). The MTT assay measures sucsinate dehydrogenase activity
with a tetrazolium dye (168), that serves us a hydrogen acceptor and is reduced ta
strongly absorbing formazan products which absorb at 565 nm. The development of &
microassay overcomes limitations associated with few cells and a large number of
samples. Furthermore, this method correlates with colony formation down to survival
tovels of 10% for a number of cytotoxic drugs and radiation (167,168),

A growth period of 6 days foliowing oxposure of PMEC to DMBA, effectively measures
the resultant effect of DMBA uptake, adduct formation and removal, DNA repair and
subsequent growth and/or cell death. C3H mouse embryo fibroblasts exposed to 0.1
1A DMBA for 24 hours, showed Increased viabllity and transformation frequency after
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6 days in culture (180).

Russo et al (126) exposed 3 different HMEC cell types, in tissue cuiture medium with
normal and reduced calclum concentrations to DMBA for 24 hours. After 7 days in
culiure the toxic effect of iow carcinogen concentrations were more pronounced in cells
grown in low calcium medium, however at DMBA concentrations of above 1,95 UM the
survival in both mediums were the same. Medium containing 1.05 mM calcium was
mora selective for measuring the long-term effect of the carcinogen on cell growth. An
exposure time of 24 hours to DMBA resuits In @ 50% decraase in cell survival
comparable to HMEC in vitro.

Microassays developed for the determination of the total humber of celis in culture
measures the uptake of dye (131), total protein (168) or specific enzyme activity
(168,181). However when studying the effect of carcinogens, hormianes, growth factors
and metabolic inhibitors on cell growth the parameter that is measured must stay
unaitered. Ceil DNA content remains essentially constant under most experimental
congitions and Is proporttonat to the number of ceils in culture.

A sensitive method rbutinely used for the microdetermination of DNA e<timates the
increase in fluorescence, induced by Hoechst 33258 when the dye complexes with
DNA (171-174). However, it was observed that the back ~ound fluorescence is
snhanced in the presence of 0.05% sodium dodecyl sulphate (SDS), resulting in
nonlinear calibration curves (175-177) This phertomencn has restricted the use of Hoe
for the ouantification of DNA in cell cultures. Therefore, the masking effect of SDS must
be redticed to combina the sffectiveness of SDS in cell dissolution with the specificity
of How for DNA analysis.

Micelles are aggyregatas of detergent molecules in which the hydrophobic moieties of
the delergcnt molecules form the core of the micelle. Immediatsly surrounding the core
is the Starn layer which hot only contains the polar detergent head groups but also the
counterions (181-184). Jamss et af (185) proposed that cationic dye molecules such
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as acridine orange undergo itwo types of interaction with the SDS micells: an
electrostatic interaction between the surface charge of the SDS micelle and the gye
molecule as wall as hydrophobic binding to the interior of the SDS micelle, Moulik ef
al (1135) suggested that the electrostatic forces were the principal source of interaction
and that hydrophobic interaction was secondary and only occurred in the presence of
the first, The extent to which a dye molecule penetrates the hydrophabic interior of the
SUS micelle depends on the type of polar head groups, the charge on the dye, and the
micelle surface chargé.

The Hoe malecule Is a crescent-shaped cationic molecule with flat aromatic rings
containing hydrogen-bond-forming NH groups along its concave edge (174,175).
Normally the Hoe binds in the miner gropve of DNA and displaces the spine of
hydration that is present in the free DNA. With the formation of H-bonds there is a
drameatic increase in fluorescence. Hoe therefore exhibits a high spacificity for DNA and
because of its high guantum efficiency it is ideal for the quantification of low
concentrations of DNA. However, routine use of this assay in tissue culiure has been
limited due to nonspecific fluorescence observed in the presence of SDS
(169,178,179). '

Nonspecific flucrescence occurs ebove the CMC of SDS, and an increase in NaCt
concentration resuits in an enhancement in flunrescance at lower SDS concentrations
while the addition of n-butanol reduces fluorescence, therefore implying that
fluorescence is caused by Hos binding to the SDS micelie.

Binding of Hoe to the SDS micelle as well as the CTAB and TX-100 migeile implies that
the interaction between SDS and Hoe 18 not purely an ionic interaction but that there
is also a hydrophobic component involved.

Therefors, to measure DNA in the presence of SD§, the interaction between Hoe and
the SDS micelle must be reduced. This could be achievad by alieting the charge on the
surface of the micelis, by increasing the counterion concantration, or by inducing the
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formation of mixed micelles. Alternatively it may be possible o reduce the charge on

the Hos molecule by altering the pH of the bufer. However, it is essential that Hoe must

still bind to DNA quantitatively so that it is still possible to determine nanogram amounts
"of DNA, :

An increase in counterion concentration leads to a decrease in the CMC, associated
with an increase in aggregation number and a decrease in the surface potential of the
micelle, An increase in the NaCl concentration resuits in a reduction in fluorescence
at concentrations of SDS above its CMC. James ef a/ {184) proposed that a decrease
in the suriface potential of the SDS micelle is associated with Increased penetration of
cationic dyes into the SDS micelle. We found that the decrease in 'ﬁubresce‘nce,
associated with an increase in counterion concentration, was niot caused by a shift In
the emission maximum, but rather by decreased hydrogen bonding as the fluorochrome
shifts into the more hydrophobic environment of the inner core.

This Is supported by the observation that in the case of the cationic detergent CTAB,
an increase in the KBr concentration rasulied in an increase in fluorescence at
detergent concentrations above the CME. A decrease in the surface potential results
in the surface of the CTAB micslle becoiming less positive, leading to an increase in the
slectrostatic interactions befwean the CTAB micelle and the Hoe molecule.
Furthermore, & mixture of cholate and CTAB resuits in the fermation of mixed micelles
with the production of aggregates which are small, approximately spherical, and only
slightly charged (185,187), Lower fluorescence is observed for the mixed CTAB-cholate
micelle than for the pure CTAB miceile. However, an increase in the counterion
concentration results in an enhancement of fluorescence graater than that observed
for the pure CTAB micells in the presence of 1 M KBr.

Although cholate and SDS are riot known to form mixed micelles, we have observed
that in the presence of cholate there is a deorease in fiuorescence which s further
anhanced following an increase in the counterion concentration. The mechanism
involved Is unknown, It can be speculated that since cholate micalles also bind Hee,
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the  .ate micelle competes with SDS for Hoe binding or altematively that cholaie
promotes the absorbtion of the Hoe molecule into the SDS miceile.

James ef a/ (185) observed that an increase in the pH of the environment of a cationic
dye favours absorbtion, |t can be speculated that, with an increase in the pH of the
buffer system used the Hoe molecule becomes more neutral and shifts to a more
hydrophobic environment within the micelle. Therefore, a decreass in H-bonding is
associated with a decrease In fluorescence. At pH 9 the Hoe molecule is still able to
quantitatively bind to DNA,

By increasing the counterion concentration and adding cholate or increasing the pH of
the buffer used It is possible to accurately determine DNA in the presence of SDS. In
the absence of cholate and high levels of NaCl, at a SDS concentration of 2.3 mM
(0.13%), it is only possible to accurately determine DNA concentrations sbove 66.6
ng/m, The gradients of the DNA standard curves in the presence of SDS and cholate
differ from standard curves determined in the absence of SDS, Choléte alone does not
clause a decrease in the gradient of the DNA curve. The results obtained strongly
suggest that Hoe still binds to the SDS micslle but factors which promote absorbtion
into the inner corg, result in a significant reduction in the masking offect of SDS,
allowing the accurate determination of DNA in the presence of SDS.

We have found that the nonspecific flucrescence abserved as a result of Hoe binding
to the SDS micelle can be reducad by adding butanol, by increasing the ionic strength
or the pH of the buffer used, or by adding cholate.

Although it is possible to reducs the masking effects of SDS by using a buffer system
at pH 9, the addition of NaCl at concentrations required to reduce histone-DNA
interactions (188) results in the precipitation of SDS, Therefore, we favour the use of
a combination of cholate and a buffer system with an increased ionlc strength to reduce
the masking effect of SDS, The addition of cholate not only has the advantage of
reducing the leval of nonspecific fluorescence, associated with Hoe binding the SDS-
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“micelle, but it also increases the solubility of SDS in high salt solutions. Furthermore,

buffers containing NaCl not only reduces"ﬁonspeciﬂc flucrescence but also NaCh
concentrations above 2M promote the dissociation of histone proteins from DNA,
resuang in @ 50% enhancement in flucrescence, as reported by Lab~rea and Paigen
(172). The addition of profeinase K results In increased stability of fluorescence and a
furiher 10% enhancame ~t of fluorescence,

A sigmoidal decrease in succinate dehydrogenase activity was observed with
increasing concentrations DIMBA following exposure for 3, 24 and 48 hours. At 1.95
UM DMBA for 3 hours, viability of PMEC decreases to 40% and the number of cells
attached to 99 or 75 percent, measured by crystal violet uptake or DNA-Hoe assay, At
1.95 UM DMBA for 24 and 48 hours viability and percentage . - wnent of PMEC
decreases to 60 and 30 percent respectively.
_ .

Criteria developed by Kung et &f (189) to study the cytotoxic effects of csll cycle phase
specific agents can be applied to PMEC exposed to DMBA. The criteria for the end
points of "cell death” are the loss of membrane integrity without detachment, cell lysis
or cell detachment and the classical clonogenié survival assay, Loss of membrane
irtegrity may account for *he differences observed between number of cells measured
either by crystaf violet uptaite or Hoe-DNA assay at low DMBA concentrations.
Increased membrane permeability resuits in increased protein leakage and an
underestimation of cell numbers determined by crystal violet uptake {170). At higher
concentrations of DMBA cell lysis with cell detachment is the dominant sffect and
accordingly no differences are observed .~ both assays used to determine cell numbers
In vitro. A correlation between succinate dehydrogenase activity and crystal violet Is
only observed when PMEC are exposad to DMBA for 24 and 48 hours.

Indications are that cellular transformation of PMEC in vitro with DMBA s a rare svent
which is further corroborated by the inability to induce tumours in the primate,
Cercopithecus aethiops pygerthrus (190) with this carcinagen. Factors such as cell
density {180), medium conditioning (180) and calcium content (126, 191,192) of



105
medium, ﬁi’éy modulate a cell's ability to undergo celiular transformation, Other
elements, including mammaty gland differentiation (126), expretsion of genes such as
bol-2, pb3, e-mya (1898-193) and cyp1b1 (180) may predetermine the eventual resuit of |
exposure to a carcinogen, - W
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CONCILUDING DISCUSSION

The development of rodent model systems to study the process of breast
carcinogenesis has increased our knowledge of mammary gland development,
differentiation and mammary carcinogenesis. In vifro studies with normal HMEC, has
revealed that human mammary carcinogenesis is a complex multistage process and
extrapolation between both species is difficult. Mammary epithelial cells from the non-
human primate, Cercopithecus pygerythrus were established in cell cuiture to
determine whether studies within this cell population could addreiis some of the
differences abserved between rodent and human mammary cancer iodels,

Normal mammary epithelial colls established in cell culture should reflect the
heterogeneity of the normal population and must express biological markers associated
with normal mammary tissuse, Furthermore, tissue culture conditions which extend the
longevity of normal mammary epithelial cells i vitro would permit more detailed studies
within a single cell population.

Selective collagenase and hyaluronidase digestion results in the isolation of organoids
which are clusters of epithelial and myoepithelial celis. Organoids have retained much
of the lobular structure of the tissue of origin. As for rat and human mammary tissue
four lobule types (10,22,23,25), Lob 1-4 were identified in primate mammary tissue.
Using a classification described for human organoids, cultures derived from primate
mammary tissue were grouped according to the degree of lobular development. Less
differentiated cultures contained organoids with Lob 1 development, modarately
differentiated, a mixture of Lob 1 and 2, and Lob 2 and well differentiated, 1.ob 3,
Cultures derived from tissue with Lob 1 and Lob 1 and 2 development attached more
rapidly than those derived from mammery tissue with Lob 2 and Lob 3 development.
Subseqguent organoid growth reflected the lobular development of the mammary gland
of origin. Organoid growth in cultures derived from legs differentiated mammary tissue,
grew more rapidly than those derived from moderately and well differentiated mammary
tissue. Russo et af {126) observed that human mammary organoids reflect in culture
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cerialn properties of the intact tissue, where less dtfferer'tlf,atecl lobuiar structures with
a greater proliferative rate attached and grew more efficiently than the more
differentiated and Jess proliferating lobules, Although primate o.yanoid attachment and
growth is more rapid than observed by Russo af a/ (126) for human organoids, it does
reflact mammary gland differentiatior.

Growth in a tissue culture medium was limited and a reduction in the calcium content
increased the lifespan of PMEC jn vitro, Calcium per se daes not promote cell growth
but it does uncouple terminal differentiation from cell proliferation thereby keeping
PMEC responsive to the mitogenic effects of growth factors. The mechanisms of this
process must still be determined. Furtheimore, a reduction in caleium has a dramatic
and reversible effect on call morphology. /n vitro PMEC grow as typically cuboidat cells
with a high degree of interceilular contact, desmogomes and few microvilli, In contrast
a decrease in the calcium content of the tissue culture medium causes PMEC to
become rounded with little cell-cell contact, the number of microvilli on the surface
increased and few desmosomes were observed, This effect is also observed in other _
epithelial cell types (34,36,61,78-81). No contact inhibition occurs and at confiuence
new celis were shed into the tissue culture medium. These cells could be coliected and
piated to give rise to subsequent cultures of PMEC. The doubling times of ¢+ lfureg
derived from fess and moderately differentiated mammary tissue are highly variable.
The population doubling times determined for HMEC (126) derived from less and
moderately differentiated mammary tissue and grown in the same medium as PMEC
also varied considerably, These differences in cell growth for cultures derived from
mammary tissue with the same degree of lobular development could possibly be
ascribed to the genetical heterogeneity of the population.,

The expression of specific cytokerating are hot only unique to epithelial cells of the
mammary gland but can also distinguish between the luminal, myoepithelial and
possibly a combined phanotype. Myoepithelial cells express keratins K5, K14, K15 and
K17, luminal epithelial cells express keratins K7, K8, K18 and K19 (54,56,62), while an
intermediate "stem" cell types expresses both types of kerating (60,66).
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Cultures derived from human milk express K7, K8, K18 and K19 associated with the
luminal celt phenotype. HMEC derived from reduction mammaplasty organolds,
express K7 and K1 4, but not not K19 while in later passage an increase is observed
in K18 (54). The HMEC line, MCF~10 and MCF-~12 and subsequent sublines developed
from fibrocystic mammaplasty tissue expressed predominantly K7, K8, K15, K16 (77).
The presence of K14 and K19 was variable and expression of K19 was lost in later
passege. Dairkee et al (62) guantified keratin exprassion in HMEC in vifro and
observed that K6 followed by K5 and K14 were the predominant keratins expressed by
HMEC. K7, K8 and K18 were only minor compone:is,

K8 is the predominant cytokeratin followed by K6/K11 (indistinguishable due fo
similarities in My) and K7 in primate mammary tissue. PMEC expresses the same
cytokeratins as primate mammary tissue, with increased expression of K7 and K6/K11
with respect to KB is obsarved. The mitogenic effect of growth factors on HMEC results
in reased expression of K6 (68,62). K1 1 Is also a " minal keratin found In mouse
mammary epithelial cells (10). The use of a monospecific antibody wauld distinguish
between K6 and K11, K& as well as K8 are minor components of PMEC in vifro.
Although the expression of K14 still needs to be determined in PMEC in vifro, increased
expression of K7 and decreased expression of K& may verify that PMEC /n vitro
express cytokerating associated with the luminal pheriotype. The expression of a
combined phenotype by PMEC can only be established by immunchistochemical
procedures.

The MFGP fraction isolated from milk contains membrane proteins representative of
the epithelial cell of the mammary gland. Human antikMFGP is suocific for all
componants of the human MFGP fraction but only the 70 kDa (MFGP-70) protein
present in the prithate MFGP fraction. A linkage protein bound +y disuiphide bonds to
a larger molecule is a common characteristic of & family of mucin proteins {143-146).
Ultrastructurally these mucing conisist of high molecular mass subunits joined by
disulphide bonds to & smaller linkage protein, The epltapes ¢f the small linkage
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proteins are "cryptic" and are probably shielded within the folded protein domains by
large glycosylated moleties. Proteolytic digestion, forms fragments composed of
oligosaccarides that are tightly packed on a central protein core (145). Subsequent thiol
reduction Jeads to an enrichment of this linkage protein. in both the human and primate -
MFGP fraction MFGP-70 was resistant to trypsin digestion and was covalently bound
by disulphide bonds to a larger protein. Electrophoresis, without reduction of dist'phide
bonds revealed the presence of 3 53 kDa protein in both fractions that stained
positively with anti-MFGP.

Peterson et al (151) ascribed that the poor immunocytochemical staining of normal and
cancerous tissue observed with an antibody specific for MFGP-70, to the cryptic nature
of MFGP-70. Anti-MFGP did not identify MFGP-70 in lysates of MCF-7 and PMEC, or
trypsin digests of MCF-7 and PMEC cell lysates foliowing reduction of disulphide
bonds, A 65 kDa and a 62 kDa protein, thiol-linked to a large protein, were detected in
cell lysates of MCF-7 cells and PMEC respectively. Both proteins did not stain with anti-
MFGP. Under non-reducing conditions an immunopositive protein of 583 kDa was
detected in cell lysafes‘ of MCF-7 cells and PMEC. This protein may consist of two
smaller proteins which are thiol linked or be a single protein with an antigenic
determinant dependent on an Intact disulphide bond. Whether this protelr Is related to
other MFGP with similar M such as bavine PAS-6, PAS-7, mouse MFG-EB and guinsg
pig GP-65 (153-157) must still be determined.

Antibody HMFG-2 specific for human sialomucins (74,77,160-162) does ot stain
MFGP derived from lactating primate mammary tissue or PMEC. The development of
species specific antibodies would greatly assist in the detection of primate associated
sialomucins, Furthermore, the core protein of human mucins Is highly consarved and
mucin molecules from different sources differ in the degres and type of glycosylation.
As glycosylation is a postiranslatic: al modification use of human cDNA sicoding for
a domain of the core protein can be used to determine mRNA expression Y PMEC
(189). '
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proteins are "cryptic” and are probably shielded within the folded protein domains by
large glycosylated moieties, Proteolytic digestion, forms fragments composed of
oligosaccarides that &7 tightly packed on a central protein core (145). Subsequent thiol
reduction leads to an anrichment of this linkage protein. In both the human and primate
MFGP fraction IMFGP-70 was resistant to trypsin digestion and was covalently bound
by disulphide bonds to a jarger protein. Electrophoresis, without reduction of disuiphida
bonds revealed the presance of a 563 kDa protein in both fractions that stained
positively with anti-MFGP.

Peterson ef a/ (151) ascribed that the poor immunocytochemical staining of normal and
cancerous tissue observed with an antibody specific for MFGP-70, to the cryptic nature
of MFGP-70. Anti-MFGP did not identify MFCP-70 in lysates of MCF-7 and PMEC, or
trypsin digests of MCF-7 and PMEC cell lysates following reduction of «. sulphide
bonds. A 85 kDa and a 62 kDa protsin, thiol-linked t¢ a large protein, were detecterl in
cell lysates of MCF-7 cells and PMEC respectivi.y. Both proteins did not stair with anti-
MFGP. Under non-reducing conditions an immunopositive protein of 53 kDa was
detscted in cell lysates of MCF-7 celis and PMEC. This protein may consist of two
smaller proteins which are thiol linked or be a single protein with an antigenic
determinant dependent on an intact disulphide bond, Whether this protein is refated tu
other MFGP with similar M such as bovine PAS-6, PAS-7, mouse MFG-ES and guinea
pig GP-55 (153-157) must still be determined.

Antibody HMFG-2 specific for human slalomucins (74,77,160-162) doss not stain
MFGP derived from lactating primate mammary tissie or PMEC. The devele “ment of
specles spacific anfibodies would greatly assist in the detecticn of primaie associated
sialomucins. Furthermnre, the core protein of human mucins is righly vonserved and
mucin molecules fron different sources differ in the degres and .ype of glycosylation,
As glycosylation is a postiranslational modification use of humsna cDNA encoding for
a domain of the core protein can be used to delermine mRNA expresslon i PMEC
{158).
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Dimethylbenz(a)anthracene (DMBA) has been identified as a potent carcinogen that
induces marnmary fumours in rodents (10,22,26,115,166). Exposure of HMEC in vifro
to DMBA results in the expression of a partially transformed phenotype with no tumour
formation in SCID mice (102-104), The effect of DMBA on the PMEC survival was
determined by measuring carciriogen inducad succinate dehydrogenase inhibition. The
number of PMEC in culture was dalermined by 'iheasurlng crystal violet uptake and
coliular DNA, A sensitive assay Was'daveloped for the direct measurement of cellutar
DNA in cel! lysates using fluorochrome Hoechst 33268 (170), The routine use of Hoe
for the determination of the DNA content of cell lysaias has been limited due to
nonspecific fluorescence as a result of Hoe binding io the SDS micelle. This effect
coulid be reduced by increasing the concentration of the counterion, the addition of
cholate or increasing the pH of the huffer. An assay was developed combining the
effectiveness of SDS in cell dissolution with the sensitivity of Hoe to determine cellular
DNA (170),

PMEC were sxposet to 0-16, 01,95, and 0-1.95 uM DMBA for 3, 24 and 48 hours
respectively. A 6 day growtn period following DMBA exposure effectively measures tha
resultant effect of DNBA uptake, adduct formation, removsl, DNA repalr and
subsequent growth and/or cell death. A sigmoidal decrease in succcinate
dehydrogenase activity was observed for 3, 24 and 48 hours exposure to DMBA.
Following 3 hours exposure to DMBA a 60% decrease in cell activity is associated with
a significantly lower decréage in cell numbers whian measured by crystal violet uptake
(131) and cellular DNA (170). At longer exposure times of 24 and 48 hours, differences
between all three methods are observed at low DMBA concentrations which bacome
insignificant at higher DIMBA concentrations. A decrease (v 80% and 30% succinaie
dehydrogenase actlvity and cell number is obsarved following 24 and 48 hours
exposure to 1.95 uM DMBA. These observations can be explained according to the
criteria of Kung et af (189) used to describe the end points of cell death, These are loss
of membrane integrity without dettachment, cell lysis associated with celf dettachment
and the classical clonogenic survival gssays or inhibition of succeinate dehydrogenase
activity, Loss of csll integrity without dettachment accounts for differences observed
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bewsen the crystal viclst uptake and DNA measurement at low DMBA concentrations.
This can alse account for the differences in the percentage cells measured by both
methods and succinate dehydrogenase activity following 3 hours exposure to DMBA.
% is only at longer exposure times and higher concentrations of DIVMBA, that decreased
cellular viability is assocciated with vell lysis and cell dettachment.

Russo ef al (126) exposed 8 different HMEG cell typas, in tissue culture medium with
normal and reduced calcium concentrativns, to DMBA for 24 hours, After 7 days in
culture the toxic effect of low carcinogen concentrations were more pronounced in ceils
grown in low calclum medium, however at DMBA concentrations above 1.95 uM the
survival in both mediums were the same. HMEC exposed to 1.85 M DMBA for 24
hours resulted in a 50% decrease in celi survival comparable to PMEC in vitro,
Furthermore exposure of HMEC derived from less differentiated mammary tissue to
DMBA only resulted in partial transformation associated with increased survival, colony
formation efficiency aiterations in karyotype and activation of the ras proto-oncogene.
These cells did not form tumours in nude mice. Indications are that celluiar
transformation of PMEC in wvifro with DMBA is also a rare event which is further
corroborated by the inability to inducs tumours in the primate, Cercopithecus aethiops
pygerthrus with this carcinogen (190),

The growth responsiveness of primate organoids and primate mammary epithelial cells
in vitro, reflacts mammary gland differentiation. Cytokeratins expressed in vifro by
PMEC are charactsristic of the mammary tissue of origin. PMEC in vitro, express &
MFGP, MFGP-53 thet is present Iri the human and primate MFGP fraction as well as
the MCF-7 cell line, In conclusion, the PMEC in vitro has growth properties, expresses
keratins and MFGP antigens associated with the primate mammary gland, and which
are analogous to the HMEC in vitro, The carcinogen DMBA induces a dose and time
related decrease in PMEC csll surival measured using the succinate dehydrogenase
inhibition assay. Routine measurement of cell numbers by measuring crystal violet
uptake underestimates call numbars in vitro (170). Subsequently a new methed, for cell
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anumeration by measuring celiular DNA was davaloped. in'coniciusion, many attributes
of the PMEC in vitro, are similar to the HMEC in vitro. This identifies the PMEC in vita
as an ceil culiure system that can contribute significantly to understanding some of the
mechanisms involved in mammary carcinogenssis. |
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