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ABSTRACT

The oVafiaﬁ-surfa;e.epithelium, a véry smali’porﬁibn of the
total mass of the oVary;fis generally thought to be the site of
origin of - ovér_ 85% of ovarian'Acéncers; Such . cancers .are
classified IWiﬁh the "Common Epithelial Tumburs" of thev6vary._“
in most'induétrialiéed countries, mélignancies»of.thé ovary rank
fouﬁth}infcancer deaths in WOmen; over 70% . of these nebplasmsv

have spread beyond the ovary when first diagnosed.

Experimental approachéé to the study of carcinogenesis in
this tissue have been limited by the lack of pure populations of
ovarian surface epithelial cells. Studies ‘done. on.,rodents- in
vivo sﬁggest that both chemicals and‘C—tYpe-RNA viruses can_-'
induce ovarian cancers similar to those which are said to arise 
from the surface epithelium. However, the cellvof origin cannot

be proven in such studies.

The purpose of this préject was to develop a model for
ovarian  cancers of  surface  epithelial. origin based  on
carcinogenesis in vitro. To this end a method was devised to
culture.the rat ovarian surfacé epithelium in pure form. These
cultured cells, whose identity - has been confirmed by
morphological, histochemical and ultrastructural means, are
polygonal with «c¢lear cytoplasm, have well-defined borders, and
grow 1in confluent monolayers. Their morphology 1is quite
distinct from those of other ovarian cells in vitro. Cultured
rat ovarian surface epithelial cells are histochemically

positive for 17g-hydroxysteroid dehydrogenase, and negative for
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'A5?33-hydfoxystéroid dehydrogenase,  thé-zsaﬁe- as iné froZed
éecﬁions of whole rat ovary. ﬁltﬁasf;uctu:ally, cuitu;ed
- surface epithélial cells have basal laminae, microvilli, apical.
vinteréellﬁlaf jﬁnétiéns;‘ la:gé nuclei, - abundant rough
_enaoplasmic reticulum, Golgi'complexes,-perinuclear- bundles :of‘

microfilaments, and numerous vesicles.

';‘Althqugh the ovariah éuface epithelium is suspectéd df
being aﬁ.estrogen target tissue, there is no previbus report of
estfogén_:receptors__in these cells. In Ehis study cultured rat
ovarian surface épithelial cells have béen shown by
autoradiographic means  to exhibit éstrogen,.receptor-like
activity. Translocation of tritiated estradidl from cytopiasm-
to . nucleus, and estrogen-specific binding have been
demohétrated. Estradiol was shown to be mitogenic for cultured
ovarian surféce epithelial cells. ' frdm these results, the
éurface epithelial cells of the ovary should be considered an

estrogen target tissue.

Kirsten murine sarcoma  virus was used to produce three
transformed cell lines from pure, first passage cultures of
these cells. These three lines retained 17p-hydroxysteroid
dehydrogenase activity and showed slight A5-3g-hydroxysteroid
dehydrogenase activity. Tumours resulting when these cells were
injected into immunosuppressed female rats were highly malignant
and resembled histologically human endometrioid stromal sarcomas
of the ovary. This neoplasm 1is <classed with the "Common

Epithelial Tumours" of the ovary, but is generally not
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considered a'derivative of the surface epithelium. In light of
this study, perhaps this tumour should. be chSidered..to' be of

surface epithelial origin.

»A 7continuous cell 1line arising from pure cultures of rat

ovarian surface epithelial cells produced ‘structures. in vitro” 

‘resembling ‘those found_in ovarianfserous papillary cystadenomas‘  -

of borderline malignancy. This tumour is classed as a common

epithelial ovarian tumour.’

Hence, in this study the rat dvafianrsu:face_epithelium has .
been - cultured in pure form, has beeﬁ‘characterized‘for a number
of properties by several in§estigative techniques, and has been
shown to be susceptible to transformation by an oncogenic virus.
This _Qork supports '£he theory that the "Common Epithelial, 
Tumours"” of.the ovary are, in fact, derived from the surface
epithelium. The- availability of cultured ovarian surface
epithelial cells should allow investigation into factors which
make this tissue -so susceptiblé to malignant transformation.
From such cultures could come markers suitable for use in tests
to detect ovarian cancers at an early stage. The culture of
pure rat ovarian surface epithelium, as described herein, could
readily be usedv to study chemical, physical and viral
carcinogenesis in this tissue to produce experimental models of

cancers arising in the ovarian surface epithelium,.
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CHAPTER I. INTRODUCTION

Thé.surface epitheliﬁm»of the mammaliah.ovary répreéents; a
sméll'.fréction. of the total"méss ofvthé ovary. This simple
vepifhelium; fanging from squaméus_to columnar .in ﬁany species, .
covers the ovary and.is’contiﬁuousYWith'the mesotheiium of the .
peritoneal cavity é£ the.hilum oﬁithe ovary. In ‘spite -of its:
apparent. insignificance the ovarian sﬁrface epithelium has had a
.long, colourful and controversial hist¢ry as the "éerminal"
epithélium, thaf is, the source of oocytes. ‘It has beén_-
suggested as the developmental source of ovarién_cell typés_
other than oocytes. Thé surface cells . of the. oVary have a
considerable clinical significance as this tissue is considered
to be fhe site of origin of over 85% of ovarian cancers. It is
this latter aspect of the ovarian surface epithelium which
promptea the undertaking of the ‘reséarch pfesented> in this
thesis. Before launching 1into the clinical relevance of the
surface epithelium of the ovary, I would like to dwell first on
the historical, developmental, structural and functional facets

of this interesting tissue.



1. THE OVARIAN -SURFACE EPITHELIUM IN VIVO
a) ‘History |

It was Waldeyer in 1870 who ofiginatedv‘the idea of the
ovarian sﬁrface.'epithelium “as thé '"getﬁinalﬁ epithelium,'dr‘
source of 00cy§es in.ﬂmaﬁmals;-i He. claimed that -the enﬁire
surfaée' of .fhe_ periﬁoneal'cavity in certain loﬁer}Vertebrétes
(e.qg. émphibians) had.thé poﬁentiai ﬁo»produqe oocytes, but that
in mammals this oqéenetic.potential had shrunk to the surface
cells of the ovary only. In the ensﬁing 80 years there was much>
observation and manipulation of this‘tissué in efforts to prove
or disprove its germinality;,vThree schdols'of thought vied with
one another in the first. half of this century. The .firSt'
claimed tﬁat oocytes were derived from the germinal epithelium
both prenatally and ‘cyclically .with each estrous cycle. Ai
second stated that oocytes were'dgrived from primordial germ
cells migratihg from the yolk sac to the gonadal ridge 1in the
early embroyo. The third, a group of fence-sitters, accepted

that oocytes were derived from both sources.

Most reports supporting the idea of an ovarian germinal
epithelium were  based on subjective interpretations of
histologic data. Eagar- Allen, the chief proponent of the
germinal epithelium concept in the 1920's to 1940's, based his
view on the two observations in ovaries of mice that mitosis in
the germinal epithelium varied in phase with the estrous cycle,
and that numerous oocytes were closely associated with the

epithelium (1923). He claimed that fresh oocytes were produced



each cycle, and'thét ones from. the prévioqucyéle déteriofated.
In a later study (Stein and Allen, 1942) estfohe,injected,intp,,
the rat ovarial bursa stimulated a great incfease' in mitbses~
and,_yéécording to the'ihterpfetation of'the reseafchers,‘a.new
QaVé of obcytes. * Latta and Pederson (1942) found = carbon
'particle; in both.the'gérﬁinal‘epithélium énd undétlying.oqcyteé'
of - rats injectéd intraperitoneally Qith. India - ink. | They -
concluaed from such observations that -carbon-labelled oocytes
must have been derived from the overlying germinal epithelial
cells. In 1940 Long claimed to_have cultured the mouse germinal
epithelium. He supported his claim by pointing out the presence

of oocytes in . the vicinity of the cultured epithelial cells.

'Although thi5~cqntroversy‘generated much rather subjective
research on the "germinal" epitheiium, there was the occasional,
good piecé of work. Cunninghanm, inv1922, set. out to. map the
lining cells of the peritoneal cavity for regional differences
as detected by variations in the pattern of uptake of vital dyes
injected into rabbits eithe;*iﬂt@avenmusiy~on~bntnapevitoneaLly.
He found that the cells covering the ovary differed in their

uptake of vital dyes from other peritoneal mesothelial cells.

The question was effectively answered by Witschi (1948) who
serially sectioned early human embryos and traced the migration
of the primordial germ cells from the yolk sac to the primitive
gonads. These germ cells undergo mitosis during migration and
before follicle formation in thE“ovéry. In an extensive review,

considering the evidence from a 1large number of often crude
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experiments ‘on  the gefminal vepithelium; Zﬁckerman (1951).
concludes that‘"the View-,that oogenesis; continues. throughout.
reprodﬁctive life s Vefy~inschrely based;" -However,‘he did
leave open the'question.ofeprenatal derivation of oocytes from,"

the surface epithelium of'the,ovéry.-

Evidence 1that-¢ooeytes .pereist in' a staﬁe of suspended
meiosis from prenetal or'eefiy natal life until.ovulationvhaditdv
wait for the dawn of the’ tritiated thymidine ere.' Rudkiﬁ :
“reports that pregnant mice injected at mid-gestation with
tritiated thymidine produced daughtefs whose oocyteé retained
radiocactive nuclei from mid—ﬁetal age. to maturity at six weeks
(Rudkin and Greich,_1962). Other ovarian tissues, with the
exception of some follicle cells in primordial“follicles, showed
no label. Loss of 1label implies repeated mitosis‘after'the
labelling period. In a similar experimedt using neonate rabbits
Kennelly has showed that lebelled does - when superovulated  at
ages 20 to 50 weeks produced mostly radiocactive ova (Kennelly
and Foote, 1966). Thesev'observatTOWSw support- the - view  that
oocytes arise from' primordial germ cells and not the ovarian
surface epithelium, and that a portion of these oocytes persist

until ovulation at sexual maturity.

The view held today is that mammalian oocytes are derived
only from primordial germ cells, and that the. ovarian surface
epithelium ie not a germinal one. A .few diehards femain; Ludwig
(1965) cleims that the ovary in addlescent“girlS“undergoeSFned-

oogenesis from the germinal epithelium. Anatomy texts published



,és late as the the T970's (Crouch,v 1973; Jacob and’ Francone,
1970) continue. tol.promulgaté.,fhis,_erroc (that the ovarién
'surféce:epithelium  ié the’ source of 'oocyteé) to- unwittiﬁg
students. .The term "Qerminal epithelium” is_falliﬁg into disuéé
in thé'éu:rent iiterature. | |

b) Devélopment

The ovarian surfaCe  epifhélium is - continuous with the
" mesothelium iining the peritoneal cavity. The peritoneal cavity
first arises as coelomic spaces in the léteral meséderm of early
embryos (Moore, 1977). These coelomic spaces coalesce to become
the intraembryonic coelom which at a later phase is divided into
pleural, pericardial and peritoneai spaces. The coelomic spaces’
are lined by a simple epitheliﬁm, the mesotheiium, which is
mbrphologically epithelial, but 1is mesenchymal (that is,
primitive connective tissue) in origin, The peritoneal
mesothelium is generally squamous, but the epithelium covering
.the ovary varies from sguamous to columnar in many species. In
histology texts it 1is: often - given as-an example: of ‘a simple~

cuboidal epithelium.

The site of development of the ovary lies very close fo the
site of invagination of the Mullerian (paramesonephric) duct,
which is the primordium for oviduct, uterus and upper vagina.:
Hence the epithelial lining of Mullerian duct derivatives and:
the ovarian surface epithelium are embryologically closely
related, both being derived from the coelomic epithelium. This

fact will be important later in the discussion of neoplastic



transformation of theioVarian_surface'epithelium.

'According to éne schdol, the surface .epithéliﬁm of the
"developingaovarf becbmes strafified_during3early devélopment éhd:’
gives rise to cords-of cells, primary and éecohdary sex cords,.
the latter of whiéh enveiop primordiél‘germ céiis and give -'rise
‘to granulosa cells (Moore, 1977;'Teilum, 1976). Others dispute -
thié‘role.and claim‘thét primafy sex'cordsu(in thenmouse)'are‘ofj
stromal origin and become the ;éte ovarii whiéh' gives rise to
‘granulosa cells (Byskov and 'Lintern—Méoref 1973; Stein and
Anderson,iv1979). Both _fhese theories are based on ‘the.
interpfetatibn ;of complex histolbgical specimens. it is
difficuit to say whichvis.closer‘to reality, although-thevsecona i
view seems to have more influence in recent years.

c) Structure

After the intense investigation prompted' by the germinal
epithelium before 1950 there was a 1lull in research on the
" ovarian surface epithelium for more than a decade. Most of the
work done in recent years has been ultrastructural and
histochemical in nature, and has been done on the ovarian

surface epithelium in situ.

The surface cells of the ovary, as studied

ultrastructurally in situ in several mammalian species, are seen

to be epithelial cells, squamous to columnar in shape, resting
on well-defined basal 1laminae and joined by focal tight
junctions, gap junctions and desmosomes. The apical surfaces

are covered with numerous microvilli and the occasional cilium.



Thése cells usually. have  large, irregular nuclei,  maﬁy“'
mitochondria with lamellar cristae, abundant rough,endoplasmicu
'reticuium (RER),. well-developed Golgi COmpleXés,A perihuclear_'
filaments; - some lipid, and numérous vesiéles:bbth'coated and
uncoated (Anderéon et al.; 1976; Donaldson, 1976;._Papadaki ~and :
Beilby, 1971} Weakley,_1969; Wischnitzer, 1965). Althqugh some
‘claim that tﬁe Sprface ceils of the ovary are just mésothelial
in nature (Parmley.and Woodruff, 1974),‘Blaustein and Lee:(1979)v
have shown that there are mahy.ultrastructural and histochemical |
differences between the covering cells of the ovary and those
covering the rest of the peritoneal cavity. Peritoneal
‘mesothelial cells are all squamous, have fewér mic;ovilli, no

cilia, and few desmosomes.

In a three dimensional analysis involving both scanning and
transmission electron microscopy Motta. (1980) and co—workers‘
have developed a picture of the surface epithelium of the adult
ovary as marked by evaginations (papillae) and invaginations
(crypts and cords) which are due to the proliferative-activity-
of these cells. The crypts and cords often become detached from
the surface to become cysts and nests of cells. Noting
similarities between cord cells, granulosa cells and
intersﬁitial cells, Motta speculates that the <cells in the
surface epithelium might be a continuous source of different
somatic cells in the mature ovary. He then proceeds to dub

these cells a germinative (sic) epithelium,



@) 'Function

. The anction of the ovarian surfaéé-epithélium_is ﬁotiéelf.
eVident( and:is_still a 'toﬁic- of.'speculation' and regeaféh.
These ' cells -broliferate after évulatidn'ana aid}inlheaiing of 
the"rUpturéd ova;ian surface. Bjersing and Cajander (1974) have
sﬁggésted thatithe o&atian surfé@e.épithelium- playsi an‘ a¢tivé
role in the procéss of ovulatidh. fn>awseriés of7three-studies
(Bjersing and . Cajander,' 1974a;b,c)3“6n-ainduced ovulatiohv in
rabbiﬁs, they describe, via-?light -ﬁicrbscépy énd"gcanning
electron mic;oscopy, hypertrophy »of -ovarién- sufface cells
overlyihg preovulatory  follicles, and the development .of.
numerous large intracytoplasmic bodies. In a later study
(Cajander and Bjersing,l.1975) they demonstrate that..these
cytoplasmic bodies contain the lysosomal marker enzyme, acid
phosphatase. They speculate that theée bodies are lysosomes’
releasing degradative enzymes which weaken the follicular wall,
thus facilitating ovulation. Rawson and Espey (1977) claim,
however, that development of these lysosomal bodies reflect a
physiological respbnse of the ovarian surface to the trauma of
stretching due to the rapidly enlarging follicle. They
speculate that these lysosomes may be preparatory for healing

and clean-up processes after rupture of the follicle.

In wultrastructural studies -employing tracers such as
horseradish peroxidase (Anderson et al., 1976; Donaldson, 1976),
and 1in early studies using India ink and vital dyes” (Latta and

Pederson, 1942; Cunningham, 1922), the ovarian surface cells
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were -~ shown to be'phagocytiC-with ability‘to transpbrt_méterial
from"the ovary -to the 'peritoneal‘ lumen and in the _neverse»f
direction. . Whaf;.bea:ing' this activity has on the function of

the ovarian surface epithelium is not known.

2. OVARIAN CANCER.
- a) Origin

Accoraing to the cufrently held view'of'thé histogenesis of’
’0varian_tumours, two thirds of all these tu@oUrs;. and '85% of 
malignant ‘tumours, arise from the surﬁacé eéithelium (Scuily,'
1977a; Woédruff and Julian, ‘1970).. The  World Healﬁh
Orgéhizatidn (WHO) classification of ovarién.tumoursilists over
" 90 different tumour types, with half being malignant varietiés
(Scully, 1977a). It is also striking that the ovary is a very
common Site for development of metastases from malignancies of

other organs.'

Those ' tumours: arising from the surface epithelium are.
termed the "Common Epithelial Tumours" of ‘the ovary in the WHO
listing. Surface epithelial tumours are classified according to
the cell type predominating. The major sub-classifications of
this group are the serous, mucinous, endometrioid, clear cell,
Brenner, mixed epithelial, and unclassified epithelial tumours,v
and the undifferentiated carcinomas. These are listed in order
of frequency. All but the last two groups'are further divided
into benign, borderline malignant, and malignant forms. These

terms indicate the degree of atypism of the epithelial component
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(strétification,_ nuclear atypism, ihcfeased mitoses) and the
presence or abséncé of invasion pf the - stromal compartment by

the .epithelium. Benign forms show no epithelial atypism or
fsfromél.invasion. ‘Tumours of borderline malignancy exhibit
epithelial atypism énd no stromal invasioh, but can metastasize
by seeding into the ‘peritoneal véavity. . Such borderline
malighancies.'are ‘relatiVely slow growing ~and have a more
fa?ouréble prognosis than frankly _malignant forms. ’Malignant
tumours demonstratelepithelial atypism, invasion of stroma, and

metastasis by peritoneal seeding.

Tumours classified as serous, mﬁcinbus and endometrioid are
the so-called Mullerian-type which, although not of Mullerian
duct origin, do exhibit histological and secretory
charécteristics of Fallopian tube, endocervix and endometrium -
respectively. Recall that the ovarian. surface epithelium and
the Mullerian duct epithelia are derived from coelomic
"epithelium, and that their sites of origin lie close together in

the embryo.

The claim that the common epithelial tumours of the ovary
are derived from the surface epithelium 1is  based on strictly
histological evidence. Frequently the surface epithelium forms
inclusion cysts during the 1late reproductive and menopausal
periods. These cysts are often found in conjunction with a
spectrum of neoplastic growth from benign to borderline
malignant to malignant. Although several levels of neoplastic

change may be found in the same ovary, there is no real proof
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that each malignancy has evolved through these different levels.
Histologically, there isAmuch.evidgnce, circumstantial.though it

may be, that the common -epithelial tumours of the ovary do arise

from the surface epithelium (Czernobilsky, 1977; Scully, 1977a; .

Woodruff and Julian, 1970).

b) Natural Course of Ovarian Cancer

> 'fAlthough the differént types of ovarian cancer vary éreatly'
in virulehcé, fhe overall five-yedr sufviVai rate for ovarian
cancér’ is 30 to 35%. This‘poor situation has not improved much
4in the last feW'decades, The main reason for the génerally poor
prognbsis for ovarian cancer is that some 70% of .cases are
deteéted after spread beyond the 6vary, rendering these cases
incurable by surgery. There are usually no early" symptoms of
ovarian éancer,_and the advanced disease exhibits vague symptoms
caused by crowding of abdominél-strﬂctures. The ovaries are nét
readily accessible for examination. Although carcinoembryonic
antigen (CEA, an antigen associated with a wide variety of
neoplasms) has: been detected-by-immunoperoxidase: techniqgues:-in-
- some cells of sections of mucinous <cystadenocarcinomas of the
ovary (Crum and Fenoglio, 1980), there are currently no
cytological markers specific for malignant surface epithelial
cells exfoliated into the peritoneal fluid. The availability of
such markers could lead to detection of ovarian cancer at an

earlier stage.

Complications in thecourse of this disease, and  resulting"

death, are wusually caused by intraperitoneal spread leading to
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ascites, intesfinalA obstruction and  cachexia. "DiStant 
metastaSeé.'via lymphatic or hematogenoué_spread,are_not éommon,
"and tend to happen only in advanced cases. Most'ovarian; cancer
‘patients :who die bf their disease dig.ﬁfom.complicatioﬁsfof the..‘

peritoneal tumour butden; hot’from_distant metastases.

¢c) Epidemiology and Etiology

in mosﬁvdevéléped counfrieS'véancer of tﬁe .0vary ranks
féufth-in cancér deaths in womeh, being exceeded;only-by cahcers
of the breéét,l largé_ intestine_and‘lﬁng; Epideﬁidlogically;_
ovarian cancer is similar to cancers of. the - breast and colon
with respect .to geographic and racial distribution (Lingemén,
1974). The incidence of ovarian cance; is generally ‘higher in
indUStrialized countries. Jépan is a notable exception to this
rule as it has one of the lowest incidences of ovarian cancer (2
per 100,000 compared with Sweden's 15 per 100,000). However,
Japanese people who settle in western countries (USA-Hawaii) -and
take up western 1living styles (especially diet) soon develop

ovarian cancer at rates- typical of western, developed countries.

Cases of ovarian cancer have been reported in age groups
from infancy to the tenth decade. Tumours of the common
epithelial classification appear almost entirely after puberty,
and peak in the fifties. Host factors contributing to increésed
risk for - ovarian cancer include a familial history of
gynecologic cancer, a personal history of breast cancer,
nulliparity or low parity, and peripubertal infection with

‘rubella, measles and mumps (McGowan et al.;--1979). Ovarian
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cancers, mainly serous cystadenocarcinomas, have shown up in
several families with .a pattern suggestive of genetic
transmission of predisposition to -this:cancer as a Mendelian

autosomal dominant trait (Fraumeni et al., 1975).

-Knowledge bf the etiology of oQarian- cancer is at beét
sketchy. It has been»said‘théf "incessant” dvulation;»resulting;
in repeated rupture of the ovarian surface, is a factor in the
development of ovarian-neoplésia (Fathaila, 1971). Use of oral
contraceptives vwhich inhibit‘ovulation has been associated with
a someﬁhat reduced risk of. ovarian cancer (McGowan et al.,
1979). The connection‘Qf.ovarian:cancer_with industrialization
suggests environmental or life-style carcinogenesis (Mattisqn
énd Thorgeirsson, 1978; Lingeman, 1974) but asbestos is the only

specific substance to’be'implicated.

There is some evidence that viruses may be involved in the
development of ovarian cancer. Peripubertal infection with the
rubella virus leads to an almost fourfold increase in risk for
developing ovarian cancer. Similar infection with measles and
mumps leads to lesser increases in risk (McGowan et al., 1979;
Menczer et al., 1979). Reverse transcriptase, typical of that
from C-type retroviruses, has been found in ovarian cancers of

surface epithelial origin (Gerard et al., 1978).:

The ovary 1is exposed in the peritoneal cavity to
environmental agents, chemical and biological, which enter via
the genital tract. However, the peritoneal mesothelium 1is

similarly exposed and yet malignancies arise rarely from this
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tissue. Pérhaps rupture‘éaused by - "incessant"™ ovulation and
-close  proximity  to,"ovarianA'_hormones: are key, factors
distinguishing the[ovarian.surfacefepitheliﬁm.from the lining of

‘the rest of the .peritoneal cavity.

3. ANIMAL MODELS FOR OVARIAN NEOPLASTIC TRANSFORMATION

a) Spontaneous Ovarian Tumours-in Animals

,Spontaneousﬂévarian cancers 1in animais are 'generally rare
and tend to  be ofltypes not commonly found in humans. These
tumours are often granulosa ana thecal cell - tumours of low
malignancy (Lingémana 1974; Cotchin, 1977). .Two exceptions to 
this statement are the domestic fowl .which. develops oyarian
adenoéarcinémas if‘ kepty in a state ~of constant egg laying
(Wilson,'1958), and certain purebred canine breeds which have a
high incidence of adenocarcinomas resembling the common human
type (Hayes and Young, 1978).

b) Experimental Models for Ovarian Tumourigenesis

Work done on experimental induction of ovarian tumours has
mainly involved studies on rodents in vivo. ‘When X-radiation or
chemical carcinogens (e.g. 7,12-dimethyl benzanthracene) are
applied to the whole animal or to the ovaries alone, ovarian
tumours are frequently produced. The commonest of these were
granulosa cell tumours of benign or low-grade malignant form,
tumours of a type rare in humans (Jull, 1973). This mode of

tumourigenesis is thought to be caused by excess production of
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gonadotrophins resulting>from.failure~of.folliculOgenéSis'due fd' ;’

oocyte death .caused by XfraYS'and,cércinogehéy Similarjtﬁmbur
production can be achieved if ovaries are transplénted' fé the
" spleen, thﬁs pféventiné estrogen.feedba§k to the‘pitpitary and. -
leading to excess releéSe_Qf-goﬁadotrophins (Jull, = 1973). If
cardinogen—impregnated'”sutufés are stiﬁched.into rét oQéfies a
‘high inéidencé‘of adenocafﬁinbmas:results,after périOGSIOf th;ee

or more months (Sekiya et al., 1979),

Rapp and Todaro (1980) have reported de&elopment of a
carcinoma-inducing variant of a mOUSe_C—type'retrbvirus éapable
of inducihg a -low but significant rate of ovarian
adenocarcinomaé when.vinjeéted intraperitoneally into neonate

Swiss mice.

Iniall these in Xigg expériments it is not possible fo
prové the cellular ofigins of resulting ovarian tumours. Theré
is some evidence from these models that both carcinogens and C-
type retroviruses can produce ovarian adenocarcinomas which

resemble those found in humans.

4. THE PROBLEM

Ovarian cancer is a disease causing considerable suffering
and loss of life. A major stumbling block to improving its poor
prognosis and low survival rate is a laék'of means for detection
of the disease at an early stage when it is still curable by

surgery. Early cytological detection has been prevented by lack
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of suitable markers which could 1identify exfoliated malignant
ovarian cells (especially of the surface epithelium) in,

peritoneal fluids.

In‘sbite of thé obvibus clinical importanée‘of the ovarian
surface epitheiium ~as putative source of most ovafién:éancers,'
experimentalvappréaches tb the sfudy of thié- tissue  have béén
limifedviby the- unavailability‘ of . pure populations of these
éells. “The goal.bf.obtaining “such pure pépulations' is made
diffidult bécause tﬁe tissue represents such a minor fracﬁibn of

the mass of the whole ovary. I vivo animal models.have. not

provided definitive evidence for carcinogenesis in the ovarian

surface epithelium.

There is. no ‘direct proof that the ovarian surface
epithelium is,'in fact, the tissue of origin of the "common
epithelial tumours” of the ovary. All of our knowledge
concerning these cells comeé from specimens fixed for 1light or
electron microscopy. It therefore seemed desirable to culture
the ovarian surface epithelium in pure form for characterization

of its dynamic properties and for carcinogenesis testing.



5. THIS RESEARCH PROJECT: THE RAT OVARIAN SURFACE

EPITHELIUM IN VITRO

'viniOrder to.prévide'a-basis for 'tgsting the theory thaf-
' ‘ovarian cancers ofsthe common epithelial type éfévderived.ffom'
“the -surface epithélium-this ‘project  has been concerned:bwiﬁh
AcultUring-»the_‘surface epithelium of the rat Qvafy. The plan
ihvoived éharaéterizing such culturés_: by morphologié,
histochemical and - uitrastrﬁctural means, and attempting.

transformation of these cells by an oncogenic RNA virhs.

a) Culture Of The Rat Ovarian Surface Epithelium

Theré were a numberrof approaches taken to éulture the
ovarian -suéface epithelium.  One way was to explant pieces of
rat ovafy and examine-any.outgrowing cells. Both Scott (1952)
and Long (1940) have described epithelialvoutgrowths from pieces
of rodent ovaries. Scott attempted no identification of these
cells. Long claimed the cellular sheets to be mouse "germinal"
epithelial in origin as "proved" by the presence of oocytes in

the cell sheets.

Dissociative enzymes have been used with considerable
success in preparing many tissues for cell culture. Collagenase
.has been reported as an efficient and gentle agent for mammary
gland and embryonic tissues (Lasfargues, 1970) and ovarian
tumours (Blackwood, 1970).> A mixture of collagenase and
hyaluronidase followed by trypsin and DNase was used to
dissociate bovine corpora 1lutea to single cell suspension

(Gospodarowicz and Gospodarowicz, 1972a). Pronase has been used
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to dissociate rodent ovaries into follicles -énd corpora 'lutea 
| (Grob, 1964). Such vigorous dissociaﬁion of whole ovaries‘did__

not suit our purposes.

Collagenase acts to hydrolyse collagen in the intercellular
_spaces‘wi£h0ut:damaging.the cells. It can be-used-withtcomplete
culture medium, thus maintaining ‘cells in 1ideal conditions

during incubation.

Trypsin,_xa proteolytic enzyme for many protein typés; but
ndt collagen,-hydrolyses proteins on the cell membrane and in
‘the extracellular matrix, causing cell dispersion along with
‘membrane damage. Tfypsin is often used in-'thev presence IOf
ethylenea--diamine tetraacetic acid (EDTA) in calcium-free,
magnesium-free solutions. The EDTA is a chelating agent which

binds calcium ions necessary for cell to cell adhesion.

Hyaluronidase of testicular origin can hydrolyse hyaluronic
acid, chondroitin and chondroitin sulphate A and C, all
components of the - ground-- substance -between  connective tissue-

cells (Cameron, 1966).

In this project various combinations of these agents were
tried under gentle conditions in an effort to remove only the

surface epithelium of whole rat ovaries.
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"b) Identification of the Culturedeét.Ovarian Surface -

- Epithelium

' i)~~ eMorphology-l

- Thefe lete‘vmany,’well substantlated reports of the culture
of several different- ovarlan cell types.  Many of‘these culture  '
7techn1ques involve the use - of »large_ overies'frem.which the
. de51red~tlssue‘can be readily dieSected; fortexample gtandlosa,'
thecalvand StroﬁalAtissue of -equine andthuman'ovariesk(Channing,
1969a}b)‘ -and bevine 'luteally tissue (Gospodarowicz ‘vand
Gospodarewicz,‘1972,b). Granulosa eells.from small rat ‘evaries

- have been cultured by a. method effectlvely guarantee1ng the

tissue of origin of the cultured cells (Redmond et al., 1970).

'Published~mlcrograph5’of granulosa, :thecal, etromal, ahd
luteal cells‘,provide a morphologlcal'basis against which any
cultured ovarian cells suspected of being of surface epithelial
origin can be compared.

ii) Histochemistry -

There is a large bank of published data on the
histochemical-deteetion of enzymes involved in the biosynthesis
and metabolism of steroids. ‘Two of these enzymes figure
prominently in the literature, namely A5—3p—hydtoxysteroid
dehydrogenase (A5-3g-HSDH) and 17g-HSDH. Histochemical tests
for these two enzymes have potential for distinguishing the
ovarian surface epithelium from other’ ovarian- cell types.

The enzyme complex A5-3g-HSDH occupies a key position in
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~ovarian steroid biosynthesis as ‘it -is necessary for the

production of prdgesterohe, éndgultimately estnogensm,’lg_vivotf
this'enzyme'COmpiex_catalysés‘the’éohversion df pregnehoidne  to'
progesterone.. In thé' A5*3ﬂ*HSDH’ cémplex  a dehydfogenaSe
converts thé 3p—hydr¢xyl gr9up:to a;3-keto_group with_NAD‘as.¢Ofil
factdr.; Ah‘iéomefésé, 3—k¢tostgfqid A4,A54isomerase, aiters tﬁe<

'doubie'bodd-position,from AS to Ad4. Thése two enzymé.éétivitiés‘

are always associated. Location "of the’ éomplex‘ has been =
variously reported in the smoofh endoplésmic reticulum, in

mitochondria, or. in both these organelles (Robertson, 1979;

Gower, 1975).

In histochemical tests based én the method of Levy (Levy ét
al., 1959) using dehydroepiandréStérone as substrate, A5-3g-HSDH
activity has been réported in’corpora lutea, theca intérna, and
interstitial cells in'ffozen sections of several species (Levy
~‘et al., 1959; Baillie et al., 1966). These tissues are
considered major sites of steroid biosynthesis. The surface

epithelium was negative: for this.enzyme- in-all reports: seen.

The enzyme 17g-HSDH 1is actually an oxido-reductase which
catalyses the interconversion of estradiol and estrone in wvivo.
The intracellular location of this enzyme, as determined
biochemically, is microsomal although it has also been found in
the nuclear fraction and free in the cytosol (Bitar et al.,
1979). 1In biochemical studies this enzyme uses either NAD or

NADP as co-factor.

With estradiol or testosterone as substrate, marked 17g-



21

HSDH'activity has been histochemically .demonstrated in the
surface epithélium of ovaries of mouse, rat, rabbit and human-
(Baillie et al., 1966; Hart et gl., .f966; _Blausteinv and - Lee,
©1979).  The rest of the ovary genérally testé negativé:for this 
enzyme; _althqugh corpora lutea, .£hecé‘ interna"ahd~.atretic‘“
graﬁuidsa’ éells  hévé been reported as staining'wgakly.' Lévy.
alsé"noted ;.intense f histochemical. stéining‘ for ._laétaté

dehydrogenase in the rat ovarian surface epithelium.

Cultured_igranulosa ‘and fhecél célis,from several.specieé
ére,histochemically positive for both A5-3g-HSDH and 173—HSDH‘
(Stadnicka, 1976, 1977; Stadnicka ahd Stoklosowa, 1976; Fischer
and Kahn, 1972). Cultured bovine luteal cells are poéitive  for -

. A5-3g-HSDH (Gospodarowicz et al., 1972b).

The histochemical _deteétion of dehydrogenaéé activity
depends on dehydrogenation of the substrate with production of
reduced co-factor (e.g. NAD to NADH). The reduced co-factor is
dehydrogenated by enzymes present 1in the cell, diaphorases,
which transfer hydrogen to the tetrazolium salt in the testing
solution. Reduced tetrazolium precipitates as dark blue
formazan, the end marker for a positive test (Troyer, 1980).
The presence 6f cellular diaphorases 1is essential for these
tests. The enzyme NAD diaphorase is intensely active in most
tissues of the ovary, namely theca interna, interstitial tissue,
corpora lutea, granulosa cells of atretic follicles, the surface
epithelium and walls of blood vessels. A much weaker reaction

is seen 1in normal, healthy granulosa and in connective tissue
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stroma (Baillie 'etb al., 1966). The distribution of'.NADP
diaphorase is Qeryn’similar’in the rat excépt-that_the-surfacé 
epithelium; which is rich.in,NAD diaphorase,»displaysrvery weak
NADP diéphoraée.»  Hence é pbéitive histochemicél reaction for
‘the hydrbxysteréiavdehydrbgenases also implies pféséhce of the
diaphorase;Aéorresponding to " the enzyme’uséd}':For purposes ofv

this study NAD was the co-factor of choice. -

Histochemical testing for dehydrogenase activify_ is
technically simple but not withoﬁt4drawbagks,ﬂTroyer, 1980) .
Soluble dehydrogenase can diffuse fo other sites resulting in
false positives. Use of the wrong co-factor (i.e. NADP instead
of NAD) can lead to false negatives if the tissue tested lacks
the  cor;espohding diaphorase. Use of a prmﬁch'in excess of 7
can lead to a "nothihg dehYdrogenase".reactfon likely caused by
reduction of  co-factor by sulfhydryl groups. Any  cells
containing high endogenous levels of reduced co-factor will test
positivé with or without added éubstrate. Endogenous substrates
in high concentrations could- lead te false positives. Thus:- 1t
is essential in these tests to use control cultures or sections

treated with dehydrogenase testing solution lacking substrate.

Cells of the peritoneal mesothelium are histochemically
negative for the enzyme 17g-HSDH (Blaustein and Lee, 1979) and
can be used as further negative controls for histochemical tests

involving the cultured ovarian surface epithelium.
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iii) Biochemical Detection of Hydroxysteroid -

Dehydrogenase Activity

: The‘presence‘of-hydroxfstéroid 'dehydrogenase-'actiQity in
éultUredv' éells . or tissues caﬁ» be définitively‘,shown' by
intubaﬁion of cells with radioaCtivé  Sﬁbstrate.' Products are-
éﬁbsequeﬁtly isolated and identified} Although such'proéedureS’
are more certain than the histochemicél- ones just described,
they are  technically much- ﬁofe cqmplek and requiré céll

‘populations of a single cell type.

Activity of enzymes A5-3g~HSDH ‘jénd 17 g—HSDH were

investigated in cultured cells by incubation with '4C-
pregnenolone -and '“C-estradiol respectively.  Any . resulting
radioactive préducts : were detected and separated

chromatographically, identified tenfativelyw by . chromatography
and definitively by recrystallization with authentic radioinert

steroid to constant specific activity.

iv) Ultrastructure of the Rat Oyarian Surface

Epithelium in Vitro

There is a wealth of ultrastructural information on the
ovarian surface epithelium in situ from several species as

discussed earlier in this chapter. These - data along with

reports of the ultrastructure of other <cell types in situ
(Albertini and Anderson, 1974; McKerns, 1969) served as a basis
against which the ultrastructure of cultured cells thought to be

of surface epithelial origin was compared.

oy
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c) Autoradiographic Investigation.9£“Cultured Rat Ovarian

Surface Epithelial.CelLs‘fon_EMidencé¢9£_Estrogenm

Receptors

There - is'sdmevevidence thatﬂthevovafian surfaée.epithelium
might be an estrogen target ﬁissue; Surfaée epitheliﬁm tfeéted
in - XiﬁQ‘ by_'direct applicétionﬂ bf  estr§néf Showedv a'mafkeal-'
bincreaéé in mitoses (Steih and-Ailen, f942).' 'This .tissue in
seVeral-'speéieS’is positi§e for 17p-HSDH, 'an enzyme often found
in known estrogen-targét»tissues such as wuterus and mammary -
gland (Gurpide and Marks, 1981; Patinawin et al., i980; Pollow
et al., 1977). .Estrogen receptor activity has been demonstrated
biochemically inlhomogenates of ~whole ovary, and of ovarian
cancers thought to be derived from the surface epithelium (Galli
et al., 1981). There has been no report of estrogen receptors
in .the normal bsurface epithelium. By autofadiographic.
techniques Stumpf noted estrogen receptors in granulosa, thecal
and luteal cells in rat ovaries with little labelling of ova and
stroma (Stumpf, 1969). He: doesn't mention: the- surface.

epithelium.

Biochemical determinations of estrogen receptors require a
'gram of tissue, or the order of one billion cells (Puca, 1970;
Galli et al., 1981), Such biochemical determinations for

estrogen receptors were not feasible for this study.

A number of autoradiographic techniques have been developed
for the detection of - estrogen receptors 1in tissues. Stumpf

(Stumpf et al., 1969) wuses a laborious and tricky technique
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involViﬁgiiﬂ XiXQ labelling'and vdry' mduﬁﬁihg, of . f:eezeFdriedr
seCfioné on emulsion coated slides (done in a darkroom) fdllowed
by"exposﬁré at —20°C'f§r 6ver’six months. This techﬁique Wéé -
deéméd‘nqt worth trying.. Epréure timés of éuch'fgreat ';enéth
are lffaught';ith artifacts such as image‘fading (Rogers, 1§79)f
>A variation of Stumpf's method (Tuohimaa, 1§70),' using 'Vaéourf

fixed sections obviates the section mounting in a darkroom; but

still requires large amounts of tritiated steroid . for in vivo"

labélling, and also exposure times of three to six_months, _

A third method (Uriel et al.;v1973) involves labelling of
tissues as sections following fixation. Uriel claims that after
fixation with certain fixatives such as absolute ethanol ahd
glutaraldehyde, . estrogen recebtors retain their estrogen-
specific affinity. This method is technically simple, economic.
of tritiated steroid, and requires exposures of the order of
only three weeks. Results presented by Uriel of rat uterine
sections prepared by this method resemble results achieved by
the more laborious technigues:. Uriel's method  leads to
labelling predominantly 1in 'the cytoplasm, whereas in vivo

labelling gives predominantly nuclear labelling.

Uriel's method method was tried on ovarian sections and
fixed cultures. Labelling of live cells was also tried using a
method much simpler than that reported by Weiller (1974) who

based his method on that of Stumpf (1969).

In live labelled cells evidence for translocation of

labelled steroids from cytoplasm to nucleus was sought. Live
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labelled‘icells,'and also1cells-labelled'afte:.gthandlafixation,~
wvere téstéd,for éstroggh‘Specificity of their. estrogen,fbinding,
f‘by competing  excess 'radiqinértk estradiél.'with_thé;tritiéted

steroid.

d) Transformation of the Cultured Rat Ovarian Surface

Epithelium by Kirsten Murine Sarcoma Virus.

Animal models of ovérian carcinogehesisv in gigg have
suégested that both chemica}é (Sekiya et al., 1979) and a]C—fype
mouse carcinoma-inducing virus (Rapp and Todaro, .1980) can
induce adenocarcinomas. of the ovary resembling types of human
'o?arian caﬁcer. A major difficulty with in vivo carcinogenesis
is that the cell type of origin of tumours cannot be proven.
The use of iﬁ Xiggg transformation'of cells of proven origin in
pure cultﬁre could avoid this pitfall. 1In a review article on
the relationship of in vitro transformation to tumour formation
in vivo, Ponten (1976) concludes that there is "remarkably good

correspondence- between events-in- vitro-and.in vivo."

Retroviruses of the C-type will often transform the
majority of cells in a culture in .a relatively short time.
Chemical carcinogens on'the other hand tend to transform small .
proportions of treated Eells over longer periods. Rodent- cells
tend to undergo spéntanebus transformation at a relatively high
rate (Ponten, 1976). Transformation of cells by an experimental
agent must be proved to be ‘other than spontaneous. Cliemical

transformation is difficult to prove, although antigenic changes
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- have been demOnstrated'in.chemically fransfermed cells'(Baldwihi
et el.,f1978). 'Spontanéousefrensformants;generglly,shdw no such
.antigenic alteration '(Pitot; ’19755;» On the ) other hahd,
transfermatien by RNA oncegenic'viruees qanvbe readily sho&n,by

a ndmber‘of techniques.

There is littieee§idence that retro&ifuses are involved . in
human tumourigenesis. Retroviruees have been isolated from
human leukemias and retrovirusfiike partieles obServed» in milk
and mammary - carcinomas» (zurHépsen,‘ 1980).,A Parﬁicles’ with
biochemical characteristics ef'reverse transcriptase typical of
C-type | retroviruses | have'.been detected in ‘human ovarian
adenocarcinomas of the common epithelial type .(Gerérd et el.,
1978). TheSe,"sightings" contribute to circumstantial evidence
for involvement of retreviruses in human céncers, but will never -
prove it. The direct experimental appfoach of_trahsformation of
a given cell tybe by retroviruses might shed more light on the .
problem. From such experiments one develops animal models which
still do not. prove. the involvement: of retrovirusess-in-human:-

cancers.

The virus chosen .for - this work 1is the Kirsten. murine
sarcoma virus, This virus was origiﬁally isolated as a mouse
erythroblastosis virus (MEV) (Kirsten et al., 1967a) which
induced proliferation of basophilic erythroblasts in vivo but

did not cause transformation in vitro. After in vivo passage in

rats the virus acquired the ability to induce sarcomas in vivo

in rats and mice - (Kirsten et al., 1967b), and also
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‘transformation in vitro. The virus was then renamed the Kirsten

murine sarcoma virus.

Roy—Burmaﬁ andelemeht (1975)-have'shOWn'_that in passége”
thrcugh' rats fhe original -MEV lost approximately 30% of its
genomic sequence, which was replaced with a roughly egual amount
of fat—spécific sequences. A detailed‘éécqunt of the genome of -
this virus is given by Andersson (1980) . Wyke'(1981).speculates
that these animél sequences,-"Oncogénes,"vwhen reintroduced into
the. cell under the céntrol_of viral transcfiptional,promptors
lead to_expressioh of the oncogenes and can résult in neoplastic

transformation of the cell.

The Kirsten = sarcoma virus, '-although " capable of
transfofmation on its own, cannot replicate without a "helper"
virus. rThe helpér_vifus used in KiMSV stocks is the so-called
Kirsten murine leukemia virus, KiMuLV. The KiMuLV is non-focus-
forming in infected cells. Cells transformed by Kirsten sarcoma
virus stocks can be "producer" <cells, that is, they can be
capable of producing infective wvirus, or they can be "non-

producer" cells.

A number of tests are available'for_examining_cells for
evidence of trénsformafion by kiMSV;like viruses. Producer
cells will produce virus detectable by electron microscopy, and
by focus-forming ability of millipore-filtered growth medium
from transformed cells. Production of RNA retfoviruses can be
shown by incorporation of tritiated uridine by transformed cells

to produce labelled particles identifiable as retroviruses by
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.suérosé density gradient cehtrifugafion. The above fests dQ not
: prove fhat the cells _wére ﬁransfqrmed.specifica;;y by KiMSV.
Cells can be identified'aé KiMSV'fransformants by the éresence
of antigens,speéific for the Kirstén‘sarcoma virﬁs (Auersperg et‘
al., i977). 'TﬁiS  last festvcan'be_used.Onfbdth‘p:oducervandx‘

non-producer cells.

.Tranqufmation of cultured cells is marked by many ‘chanées
in- morphology énd‘ 'behaviof. Some of the. criteria for
transformation includé "immoftality" of transiormgd cells ig_'
vitro (that 1is, they can be passaged indefinitely), loss of
contact 1inhibition of replication (leadingb to saturation
densities much higher than those of normal cells), loss of
contact inhibition of' movemeﬁt (resulting ~ in piling up  of
cells); andb acquiﬁition of ,a ‘roundea—up or -épindie—éhaped.'
morphology (Pitot, 1978). .The ability of celis to grow in soft
agar, that 1is, eviaence of loss of anchorage dependence, is
often stated as indicating malignant transformation.  However,
the most conclusive-evidence for-malignant transformation is- the--
production of malignant tumours in vivo by injection of
transformed cells into syngeneic or immunosuppressed animals.
In the.case of cells transformed by virus it is advisable to use
syngeneic, immunosuppresséd animals because of the antigenicity

of virus-transformed cells.

. The Kirsten sarcoma virus has been wused to transform
cultured, steroid-producing cells of* adrenocortical origin after

short-term culture. These cells retained differentiated cell
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markers _(éteroidogenic. enzyme »acfivity)}' Lineé of KiMSV?
trathotmed ‘adrenocortical cells produced ca;cinomasq,both well
"differentiated:and'anéplastic,‘andvSarcomas.(Aﬁersperg- et 'al.,
1977; ,1984)-. Techniqhes7'used fdf aftemptéd transformation of
_cuitured' rat ovarian surface .epifhélial cells were those
employed .in« the adrenal 'celi-fstudy...The»ovérian‘cells were
-ihfected.after;short—term culture in order'to‘imprové.the chance:

of retaining differentiated cell markers on transformation.

Transformed rat ovarian surface epithelial cellés we;éw
tested for - evidence of viral transformation. They were.
chéracﬁerized for tumourigenic ability. Any 'resulting' tumours
were classified histopathologically and compared to human

ovarian cancers.

6. THE QUESTIONS

Are the common epithelial ovarian cancers in humans derived
from the ovarian surface epithelium? If so, what 1is it about
the ovarian surface epithelium that makes it so susceptible to
malignant transformation? To answer the first question, ovarian
surface epithelium of the rat was cultured in pure form, and
tested for susceptibility to transformation by an oncogenic
virus, the Kirsten murine sarcoma virus, and tested for
tumourigenicity. This type of experiment would produce direct
evidence on carcinogenesis iﬁ the ovarian® surface epithelium,

rather than the circumstantial evidence provided by histological
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investigations of tumours in situ.

Tb shéd some light:dn the’second guestion, cultured ovarian
sufface;-epithelial vcellS'Wéfe'éhéraéterized-éccording to their
mpfphblogy, behaQiour and ﬁltrastfuciure. ‘These cells were
investigated histochemically, biochemically ‘and
aﬁtoradiographiéglly‘fpr.évidence indicatingi that the surface

epithelium of the ovary might be an estrogen target tissue.
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-CHAPTER IT. MATERIALS AND METHODS

The main thrust of thisvréseafch was to culture rat ovarian
surface epithelial.(ﬁOSE) cells as a model for humanvepithelial
.ovarian canéers4which,comprise'sdme éS% of a1l ovarién céncers,
Heﬁce it was' necessafy‘~finst_‘to establish>.criteria - for
VidehtiinngwROSE cells in eult@r¢Q  This»'identificétibn‘.wés'
based on a morbhological‘compérisqﬁ of suspected ROSE cells wifh.
other cultured ovarian cell types, an~ﬁltraétfuctural co@pariSon
with the o§arién surface epitheliﬁm in situ in several mammalian
species, and histochemical tests done to aetermine activity of
the enzymes A5-3g-hydroxysteroid dehydrogenase (A5-3g-HSDH),
17g-hydroxysteroid . dehydrogenase  (17g~HSDH) and lactaté
dehydrogenasé in the surface epithelium and‘other ovarian cell

types both in vivo and in vitro.

Once identified, cultured ROSE cells wére Charécterized by
morphology, growth charaéteristics, ultrastructure, biochemical
determination of themvmetaboiismmaf5the:steroidSWesbradicl:aﬂd;
pregnenolone, and by an autoradiographic investigation of these

cells for estrogen receptor activity.

Cultured ROSE cells were subjected to transformation by the
C type retrovirus, Kirsten murine sarcoma virus (KiMSV). It was
necessary to refine culture methods to obtain morphologically
pure ROSE cell cultures for such transformation. tests to be
certain that resulting transformed cells~and tumours resulting

from such-cells were, in fact, of ROSE cell origin.
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As control cells for histochemistry1 and tumourigenesis, |,
peritoneal -cells from the mesentery of the small intestine were
cultured. As control cells for steroidogenesis, muscle fascia’

fibroblasts'were:grown.

1. CELL CULTURE

Sources of materials used are in Appendix I. Preparation
of solutions used in cell culture, histology, histochemistry and

electron microscopy are found in Appendix 1I.

a) Ovarian Cultures

The cellvculture experiments diséussed_in tﬁis section = are
given in the order done. They represent a progression from
mixed cell culturés_from whole ovaries in which ovarian surface
epithelial < (ROSE) cells were first .tentatively identified,
through several attempts+-at:: produecing. cultures: 'enriched' - in
ROSE cells, and ultimately to a reproducible technique whereby

cultures of first passage pure ROSE cells could be produced.

i) ©  Mixed Cell Cultures from Whole Ovaries

These ovarian cultures were grown to see which cell types
could be cultured from mechanically dissociated ovaries, and
were used for histochemical tests and morphological comparisons

to establish the identity of ROSE cells in vitro.
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Animals used wére three month old Fischer 344 rats which.
were killed by cervical- dislocation after bniéfv‘ethet\jo:
.chloroform‘»anaESthesia; Ovaries were aseptically removed and.
carefully cleaned of exfraneous ~tissue (bursa, ,fat)v under a‘
_dissecting  micfo$cope;_ VOvéries Qere' cut into small explaﬁts,
.witﬁ S§issors; spread 6anry?35 mm plaétic culture .Aishes..(one:‘
ovary per dish) ~ahd a1l6wed to dry for a feh-minutes-to allow
adhesion of tissue to the‘dish. To each dish was added 1.5 mi
of 25% FBS/WM medium . (Waymouth medium MB752/1 with 100 IU of .
penicillin G per ml and 100'ug- streptomycin per ml, enriched
with 25% fetal bovine serum). Cultures were maintained.in a
humidified incubator with an atmosphere of 5% CO, and 95% air at
37°C. Medium was changed on the third dayvdﬁe tb, acid pH and

was changed every third or fourth day afterwards.

After one week cuitures were either fixed in ethanol and
stained with toluidine blue (2% aqueous) for 1light microscopy
(see appendix III), subcultured for growth curves and life span
tests, or wused for histochemistry - (see- Section: 2 for
histochemistry). Cultures for growth curves were subcultured
using trypsin (0.125% in Ca**Mg**-free Hanks Balanced Salt
Solution), and seedéd in 35 mm culture dishes (about 20 dishes)
at 20-30,000 cells per dish in 10% FBS/WM. Two cultures were
trypsinized and cells counted by hemacytometer every second day.
Life spans were determined for these cultures by subculturing
after a week to 25 cm? plastic culture flasks at 150-400,000
cells per flask 1in 10% FBS/WM. Each flask was subcultured to

two flasks at approximately weekly intervals. The 1life spans
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were performed in 'this way as controls for KiMSV transformed -

. -cells derived from mixed cell ovarian cultures.

ii) Mixed Cell, Whole Ovary Cultures from Ovaries

" Kept in Organ Culture Before Mincing

"The purpose of this technique was to injure or kill_,ihner
cells by,inshfficientvnutrients and oxygen while maintaihihg the

surface cells in good health in the.hope-thét,cultures resulting

from these ovaries would be 'enriched' in surface epithelial

Vcells._

‘Ovaries from 3 month old rats weré¢ carefully cleaned and
set on sterile stainless steel mesh grids in 35 mm culture
dishes containing 2 ml of 25% FBS/WM»medium.at a density of~ 2
ovaries per  dish. Ovaries were kept iﬁ organ culture for
periods ranging from 1 to 7 days and then minced as befdre for
cultufe. Specimens from each time period were also fixed,
whole, in 10% phosphate buffered formélin- and prepared for
examination by 1light microscopy 'to detect: signs»of cell death:
A series of ovaries was kept for 1b, 14, 17, 21, 24 or 28 <days
in organ = culture and then fixed in formalin for 1light
microscopy. Cultures were kept for up to 3 weeks with medium
changes approximately every 4-5 days, fixed in ethanol, stained
'with toluidine blue and examined by light microscopy for types

of cells and amount of growth.
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iii)  Mixed Cell, Whole Ovary Cultures from Qvaries

-.SubjectAgg’Dryihg_BeforewMincingl

The iﬁteﬁt ~of‘vthis ‘brief éxpefiment} é'ébnve;se of the
previoﬁs one, wathoakill“surfaﬁe‘epithélial ceils’ on ovaries'
éubjectedw to:‘dryiﬁg” £imés_ of 1/2 ‘and 1'hours,.culture'the
treated Cvary‘ﬁy mincing, ahd examine thé resu1£ing culture  fof;
cell types and _reiétiVé' proportions of each. One would‘;
anticipate a reductioh in the proportioﬁ of ROSE cells. This
wopld serve ' as additibnal evidence fof identificatioh  of

cultured ROSE cells.

Ovaries from 3 month old animals were cléaned of extraneous
tissue, rinsed by a brief dip in _stérile distilled water,
touched to a sterile dish to-remove'excess:water, and set on a
dry stainless steel mesh grid in covered cﬁlture dishes in a CO,
incubator»at 37°C for drying periods of 1/2 hour and "1 hour.
Ovaries were. minced for culture as previously described, with
medium changed on days 3 and 6, and were fixed 1in ethanol and

stained with toluidine blue on day 7.

Cultures were examined for «cell types and relative

proportions of each.
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iv)  Attempt at Removing Ovarian Surface Epithelium

Using Hypertonic Buffer Solutions:

Ovaries from 3 month old animals were carefully cleaned and

then.placed'eithef:whole or halved 1in -one of the following~-‘

solutions (prov1ded by L. Jasch - Dept. .of Anatomy, UBC) at 37 C'f
w1th agltatlon, according to the method of Jasch (Jasch 1979)
i) 111mM NaCl, 5.6mM KCl 100mM Na2HPO4 at pH 7.5

| (osmolallty 400 m osmoles) |
ii) 111mMH NaCl, 5.6mM KCl, Hepes buffeé'10mM EDTA _

+ sucrose to get 400 m osmole solutions.

Tissue specimens were examined frequently' under - a
dissecting microscope over periods of up to 2 hours to detecf
“any lifting of the surface epithelium. = Any cells femoved.:by
this process, eithef loose in the buffer or in sheets, were
'”placed in culture in 25% FBS/WM medium. Residual ovarian tissue
was fixed in 10% phosphate buffered -formalin . for histological

examination.

v) Removal of the Surface Epithelium from Whole

Ovaries By Enzyme Dissociation

In an attempt to produce a large yield of ovarian surface
epithelial cells wuncontaminated by other cell types whole
ovaries were incubated in solutions of dissociative enzymes with
and without vortexing. Ovaries from 3 month old animals were
carefully cleaned of contaminating tissue with great care’ taken

not to 1injure the ovarian surface. For each enzyme treatment
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TABLE I. ENZYME DISSOCIATION TREATMENTS
: USED. ON ‘WHOLE. OVARIES

L NOTATION FOR
"INCUBATION | VORTEX ~ CULTURES

 SOLUTION - TIME  (MIN) MIXING - PRODUCED.
c a5, | - | SC, RC
C 90. L= . 8C, RC -
- c 135 - . SC, RC.
' C o .45 o+ ~ 'SCV, RCV
c 60 + SCV, RCV
H 60 - SH, RH
H 60 - + SHV, RHV
(TE) . _ 30 - S(TE) .
(TE) N 30 + S(TE)V, R(TE)V
H then C 30, 45 . SHCV, RHCV .
H then C then (TE)| 30, 45, 15 + SHC(TE)V, RHC(TE)V
C then (TE) - 45, 15 + | SC(TE)V, RC(TE)V |
C+H | 60 B ~ S(CH)V, R(CH)V
'H then (TE) 60, 30 - | SH(TE) 3
H then (TE) 60, 30 + SH(TE)V, RH(TE)V

(TE) then H 30, 60 + S(TE)HV, R(TE)HV

All enzyme solutions were filter sterilized.

C - 0.1% collagenase in 5% FBS/WM
H - 0.1% hyaluronidase in buffered Hanks BSS
(CH) - 0.1% collagenase~+-0.1% hyaluronidase. in
buffered Hanks BSS ’
(TE) - 0.125% trypsin + 0.02% ethylene diamine
tetraacetic acid (EDTA) in Hanks BSS
V - vortex mixing - generally for 30-45 seconds
S - cultures derived from removed surface cells
R - cultures derived from minced residual ovaries

(see table I for combinations used) 3 ovaries were incubated 1in
5 ml of solution in 25 cm? culture flasks at 37°C. After
treatment, cells were spun down at 150 g for 4 minutes and

seeded in two 25 cm? flasks with 5'ml 25% FBSYWM medium per"

flask (labelled surface cultures 'S'). The residual ovaries-—
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. were processed as follows: one" was' fixed in phosphaté 10%
‘bufferéd formalin for histological examinationm;,and; thé, othér‘
,two: were minced and cultured &ifh one.bVary pef 35 mm.culture1
' dish (labélled':esiduai cultures 'RJ); All cultures (s iand'IR)
“ were kept for éhe week with medium'chahged as deménded.by acid
pH;>and-theniwére fixed in;ethanol and stained with. toluidine-

blue for light miéroscopic‘examination,'

" vi)  Production of Pure First Passage ROSE Cells Qi

Explanting and Subculture

Whole‘ 6variesclfrom 3 month animals - were cleanea of
extraneous tissue, - cut straight across with sharp scissors
,évoiding .the hiium~ region (producing 3 piecés, 2 polar and 1
central containing the hilum), and ‘the polar pieces - were
explanted (cut side down) 6n'dry'culture dishes with one explant
per dish (see Figurev1). Explanted pieces were allowed to dryk
for 5 minutes to permit adhesion before 1.5 ml of 25% FBS/WM
medium was added. These primary cultures were incubated at 37°C
in an atmosphere of 5% CO,, 95% air in a humidified 1incubator.

Medium was changed on day 4.

The region of the hilum contains the transition of surface
cell types from ovarian surface epithelial to peritoneal
»mesothelial. Hence it is undesirable to cut the ovary through
the hilum to produce explants for culture. For the purpose of
obtaining primary cultures for techniques not requiring pure
ROSE cells, the central piece, containing the hilum, can also be

used. Such cultures tend to be contaminated with non-ROSE cells
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. HEHEEA

FIGURE 1. CULTURE METHOD FOR ROSE CELLS

Diagram to demonstrate the culturing method for ROSE cells. 1In
a, a rat ovary, 6 mm in diameter, 1is sectioned with sharp
scissors to produce two explants, avoiding the central region
containing the hilum (H). 1In b, the cut pieces are placed cut-
side down on dry 35 mm plastic culture dishes and allowed to dry
for 5 min before 1.5 ml of medium are added. 1In ¢ and 4,
lateral and surface views of the outgrowths of ROSE cells
ringing the explant 5 days after explanting are shown. 1In e,
after removal of explants and any contaminating cell types,
several primary cultures are trypsinized, and first-passage
cultures are set up in 16 mm wells at 5x10% cells/well.

loosened from the upper cut surface.

After 6-7 days the explant was removed and the primary
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cultures were" scraped 'clean of'contaminating cells. Cultures
were trypsinized (0.125% trypsin. in Caf*hMg**—fnee_b Hanks
Balanced_. Salt.'vSolution . BSS) for .15—2O minutes at')room 
temperature, centrifuged at 150 g for 4 minutes,vresuspended' in
 25%..FBS/WM medium, countediby hemécytomeier~and séeded in 16 mm o
‘Linbro welis at 3,000f7,060‘cells'vpef lwéll., After two daYs:
'_'groﬁth “these first péssaée . ROSE  cu1tdres Qéré 'checkea |
morphOIOgicélly for purity (that is, only ROSE cell colonies
present) by scanning with an inverted micrbscope.~‘SuCh pufel
ROSE cultures were  deemed’ suitable - for use ‘in: viral

transformation experiments.

vii) Growth Curves for ROSE Cells

Three series of first passage cultures derived from weekf'
old primary cultures and érown in 25% - FBS/WM were set up to
determiﬁe growth curves for these cells. 1In one series cells
were seeded in 35 mm dishes at 2,600 cells/cm? (25,000 cellé per
dish). In the other two series <cells were seeded  in 16 mm
Linbro wells at either 3,500 cells/cm? (7,000 cells pe:-well)‘or
17,500 cells/qm2 (35,000 cells per well). For each series two
cultures were counted every second day until growth reached a
plateau. The counting procedure involved trypsinizing cultures
in measured volumes to produce a ‘suspension of single cells, and

counting cells with a hemacytometer.
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viii) Life Span Determinations for ROSE Cells

Four;sets> of cultu;eé’:weré set up; in -én, attempt' ﬁQ'
"~ determine - the'lifé spah5of‘ROSE,¢ellsxinfcultuﬁe; ’Infthe;firét
fﬁo_séts,Aweék-olderimaryicultureS'grown‘.ih 25% VFBS/WM ‘Qéré 

‘passaged. inta'"ié mm - weilsﬂat»Z,SOO:cells/émz_(5(000-cells pér  

well). Half of'these_culthres were grown in 10% FBS/WM ‘(series

i\

' 215) and the other half ~in 25% FBS/WM . (series 218). At
stationary growth cultures reached. cell densities of 12,500
cells/cm? (series 215) and 18,000 cells/cm2 (series.218). These
cultures were then paséaged to 35 mm dishes at 5,000 cells/cm?,
that is, at dilutions of 1:2 and 1:3 respectively. Cultures
were thereafter passaged at a dilution of 1:2 at confluence or

stationary growth.

The second tWo sets of culturesvweré,derived from week-old
primary ‘cultures grown in 10% (series 239) and 25% (series 241)
FBS/WM. First passage cultures in 16 mm wells were seeded at
10,000 cells/cm? (series 239) and 12,000 cells/cm? (series 241)
and reached densities of 34,000 cells/cm? and 36,000 cells/cm?
respectively at statibnary growth. These cultures were passaged
to 35 mm dishes at densities of 14,000 cells/cm? and 10,000
cells/cm?, that is, at dilutions of approximafely 1:3 and 1:4,.
At each subsequent passage cells were subcultured at a dilution

of 1:2 at confluence or stationary growth.



43

ix) Effect of Added Estradiol on the Growth of

Cultured ROSE Cells

E A'briéf éxpériment”was pefformed-to;determine if  estradiql‘
addéd to'the.§qiture medium had anyﬂeffect on the gféwth'ovaOSE"'-
cells. _'Twenty four primafy cultures set upﬂin 25%.FES/WMvwére.‘
‘Subcultured~on aay seveﬁ to.'eighteeﬁ_ 35 mm ’diSh¢s  at 30@000 -
éells/dish in 2 ml of 25% FBS/WM. To 6 dishes, Syg/ml estradiol.
_wés» added;' to 6v_qthérs, 10ug/mi estradioi'was édded;'to the
remaining.6.(cohtrol.dishes) no estradiol was added;_:On dajs,3,
6 andv9_t§o dishes'fromveach set were fixed in ethénol‘ and
‘stainéa with toluidine blue. Cultures were evaluated for

percent mitotic figures and percent multinucleated cells.

b) Peritoneal Cell and Muscle Fascia Fibroblast Cultures

Cells of peritoneal origin were cultured as control cells.

for histochemistry and viral transformation experiments.

Pieces of transparent mesentery cut from the mesentery of
‘the small integtine of 3 month old female rats were spread out
on dry 35 mm culture dishes (usually one piece per dish) and
allowed to dryrfof 2-3 minutes to permit adhesion. To each dish
1.5 ml of 25% FBS/WM medium was added, and cultures were
incubated at 37°C in 5% CO,, 95% air in a humidified incubator.
Medium was changed on the fourth day and whenever required by

the acidity of the medium (but always at least once weekly).

In an alternate culture method for peritoneal cells pieces

of mesentery from the small intestine were incubated in various



a4

. enzyme solntionsiwith or"without.vortexrmixiné.}:Treatments_osed
vwere'}0.1%l collagenase ﬂin *5%.'FBS/WM for ‘90thinptesuandf135_
dminutes,l0\16 hyaluronidase in Waymouth medium for QOl;minutes,'
,and pi125%» tryp51n plus 0. 026 EDTA for 60 mlnutes, thiS'latterf
ltreatment both w1th and without 45 seconds of vortex mixing at

the end of ‘the : 1ncubat10n period

jCUltures> Qf, muscle fasc1a fibroblasts (MFF) vere used as
controls for ROSE cells in experiments 1nvolv1ng incubation of
cells with radioactive_ StEKQl@Sv (‘“C—pregnenolone, and '*C-
"‘estradiol). _Fibrous tissue was;removed from between layers of
abdominal muscle in 3 month old male and female rats, was spread

on dry 35 mm culture dlshes, allowed to dry for a few minutes,

and then incubated in 15% FBS/WM at 37° C in an atmosphere of 5% -

COo,, 95s air- in a humidified incubator.:

2. HISTOCHEMISTRY

Histochemical ‘teSts, in particular those for activity of
the enzymes A5-3g-hydroxysteroid dehydrogenase (A5-3g-HSDH) and
‘17p—HSDH, were used as part of the identification procednre for
the rat ovarian snrface epithelium in vitro. These tests were
also used to characterize KiMSV transformed ovarian cells. In
vivo, the enzyme A5-3g-HSDH catalyses the conversion of
pregnenolone to progesterone, but in these tests,
dehydroepiandrosterone (DHEA) is used because it is more soluble

than pregnenolone in the testing solutions. The enzyme 17g-HSDH
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céatalyseérthe interconversion in Xizg.éf estfadidl énd;ﬂestfoné;
but _'£he ,histochemicaif ’testsQ  emplpjédfefdete¢tﬁ"dnly ~£He
’déhéarogenatiQn feac£i§h,,viz. estradiol‘tb est;oﬁe.}fTeSté.;fgf
léctate-vdehydrogenaSe '(LDH)’Awé;en tfieén be¢au§é”it;w§5’ndted B
(Lévy‘et‘al;,_1959)vthétfghe‘ovafianfsﬁrfaéé,epithelipm _reacfed‘

étrongiy }fdr 'thié_enzymé. Laétate‘dehydr§gena5§ catalees;théf-‘
_conversion in gizgiof;lacfate'to pY?uvéte; fItjis an?‘ubiquitou§

enzyme and its presence is not a definitive test.

a) DehydfdgenasewTestingﬁgﬁﬁQvé:iqn Cryost§t Sectjop$hb

Ovaries  from 3, month old rats were mdunted on cryostat
chucks with an aqueous mounting medium and frozen. in liquid
nitrogen as . quickly as possible aftef removal from the animal.
The frozen tissue was'sectioned at 8y ih é cryoStat  at1 -20°cC.
Sections weré picked up on room:temperatufe glassvcbverslips
(0.17 mm thick) and allowed to dry for approximately 30 minutes
ins}de the refrigerated cabinet of thé cryostat. After a 5
minute rinse in 0.1 m phosphate buffer (pH 7;2—7.45 sections
were incubated in the dehydrogenase testing solution at 37°C for
.30—45 minutes. The testing solution used was that found in Levy
(Levy et al., 1959) except that NN-dimethyl formamide was used
as.the steroid solvent instead of propylene glycol (see also
Appendix II). In this fashion, ovarian sections were tested for
the activity of the enzymes A5-3g-HSDH, 17g-HSDH and LDH. DHEA
was used as substrate for A5-3g-HSDH; estradiol or testosterone
was used for 17s~-HSDH;} sodium'la¢tate"was used’ for LDH. For

controls, sections-were incubated in testing solution lacking'
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ﬁhe substrate. Aftér_suffi;ientvinéhbation (staining;checked by ~
microscope): séctions Vere;fixedjin'TO%_fbrmaliﬁ;infsﬂ%bethanolj

- for 15mintes;‘déuhtérstainéd in;i%'aqueQUS»éafranih'fOV for 1

minute;_‘rinsedf briéflyb in.‘disfilledA_Qatéf; aﬁdfméhdted on a
_ microséopé slide with.Farfantfs'aqueousfméunting:médium;-  Theée
' pfeparafions Qefé assessed sObnuaftéf'mountin§ By:michscopy ana_j
photogfaphy- Since' the’stainihg‘is.npt'établé-for_longnpériods;

Storage was at 4°C. . -

- b)  Lipid as Detérmingd“gzyOil;RedHQHStajqugm

Sectioné were étained for the presence of‘iipid'by Oii' Red
O (Culling, .1974; see also Appendix 1III) immediafely after
‘Sectioning, and counterstained with haematoxylin (Appendix III). -
0il Red O was also used as a counterstain for A5—3$—HSDH and
17 g—HSDH staining after incubatioh with ‘thé. dehydrogenase

testing solution and before fixation.

c) Dehydrogenase Testing of Cultured Cells

Primary mixed cell cultures from minced whole ovaries, ROSE
cells; peritoneal cells, and first passage cells of muscle
fascia fibroblasts were tested for A5-3g-HSDH, 17p—HSDH and LDH
activity using DHEA, estradiol and sodium lactate, respectively,
as substrates. The testing solution was the same as that used
for cryostat sections except that for the steroid dehydrogenase
tests the concentration of steroid was doubled. This change was
necessary to reduce incubation times ' since- the' cultured  cell

layer was thinner than the cryostat sections. Cells were tested
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fresh or aftef freézing at f209C. ‘Ménolayers ihh35'ﬁm cﬁiture'
—_dishesvwere rinsed in phdéphafé.buffer éfterfrémoval vaexplahpa

to remqvé traces of serum in the culture medium. .Steroids' in
the fetal bovine seer used 1in the growth medium énd'inffhe

ovarian explahts.could lead.to false positive staining, éven in B
the control cultures. Cultureé were -iﬁcﬁbated in 1.5 ml of
testing soiu£ion for 2 to 2;5 hours at 37°C. ‘Some cultures were
counterstained for lipid with O0il Red 0 (Appéndix 111).
Cultures were fixéd for 5 minutes in phosphate bufferéd 10%
formalin, rinsed briefly in water and mounted with a coverslip
'using\ Farrant's meaium. Preparations were assessed soon after

mounting and stored at 4°C.

The steroid dehydrogenase tests were also -performed
according to Fischer's method (Fischer and Kahn, 1972). . Testing
solutions wused in this method were much more concentrated

(Appendix II) than those used in Levy's method.

d) 0il Red O Staining for Lipid in Cultured Cells

Fresh, formalin-fixed or frozen cultures of ovarian,
peritoneal, and muscle fascia fibroblast cells were stained for
lipid using 0il Red O and counterstained with haematoxylin

(Appendix III).
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3. BIOCHEMICAL DETERMINATION OF HYDROXYSTEROID

DEHYDROGENASE ACTIVITY. IN CULTURED CELLS

-~ These experlments were done to conflrm the hlstochemlcal

"results for A5-3p- HSDH and 176- HSDH' act1v1ty in ROSE ‘cells, to

quantlfy thlS act1v1ty,»and to detect other products result1ngh.~

from the 1ncubat1on of. ROSE cells w1th tac- pregnenolone and 1“C—

estradlol ;Q; vivo the enzyme‘-A573a-HSDH catalyses the{

conver51on of pregnenolone to prooesterone; and.the enzyme l7éf L
HSDH theﬂlnterconversion of»estradlol'end esttonem" As. negative
.controls‘ for this test, peritonealucells were.used;Lbut;Qhen
these showed similar 'activity, to ROSE cells (i.e.,similar
radloactive spots on chromatograms) muscle fascia fibroblasts

were used.

. The procedure used lnvolVed incubation of live 'oells with
1"C—ste‘roid, extraction of the medium 4with diohloromethane,
sepatation and purification of products by either thin layer
chromatography (TLC) or @partition paper chromatogtaphy (PPC),
detection of radioactive spots by X-ray film autoradiography,
elution of radiocactive products, end identification of such
products by recrystallization with radioinert steroid to
constant specific activity. Appendix IV should be consulted for

the detailed technigues involved in these procedures.
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a) 'Calibration‘Chrdmatograms Using Radioinert Steroids

‘The following steroids, in = 100 »gm aliquots, were
chromatographed_ on System I (ligfoine)' ,and system - II -
- (benzene:hexane - = 1:1) on paper: pregnenolone, 17¢-

'hydroxyp:égnenolone, ZOd—dihydropregnenolone, progésferone,'17d¥
hYdrokypfégésterone,': 20a—dihYdroprogesterone, '_testbsteroﬁe,‘
estradibl, estrone and estriol. All these Steroids as.weli as:‘
’A“faﬁdfostenedione and dehydfoepiandrostefone (DHEA) were run on
system 111 (benzene:ethyl aéetate = 3:1) on TLC plaﬁes.,
Steroids' other than pregnenolone, progesterone, estfadiol and
estrone were tested since it is possible that other cellular
enzyme activity could obscure products ofvthe particuiar enzymé
studied. For exahple, v17a—hydroxylases. andr 20a—réductases
acting. on pregnenolone and any progesterone resulting from A5-
38-HSDH activity could diminish the yield of progesterone and

obscure A5-3g-HSDH activity.

Location of the different steroids was found by exposing
dry chromatograhs to ultraviolet radiation (UV), thus detecting
UV absorbing steroids which contain the structure a4,3-keto in
the A ring, such as progesterone, 17a-hydroxyprogesterone, 20a¢-
dihydroprogesterone, Ad4-androstenedione and testosterone, or a
saturated A ring as found in estrone, estradiol and estriol.
Most steroids <containing a hydroxyl group are positive for the

phosphomolybdic acid (PMA) test (Appendix IV).
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b) Purification of Radiocactive Steroids

~ By paper chromatograpﬁy'on System I, the 1“'C»-pregne.noloné.:4
as purchased was found to be cdntaminated Githjﬁ“c—progeste:one.,
' Stbck 1?“C—pregnenélone was routinely_' pdfiiied' by- paper
chromatograth.oh SYstem ‘I. The purified vpregnenoione »waé-
eluted, driéd. down under ' nitrogen, rediSsolvedvin a measured
amount'of ethénol,‘aha a 1wl aliquot counted in a séintiliétion

counter.

Stock. '“C-estradiol as received was tested. by paper .
chromatography  Systems I and 11 and then by thin_ layer
chromatography on Systeml III. There was  no sign of
radioactivity -except 1in the estradiol region.- Hence the stbck
'4C-estradiol required.no purification before use, but was dried
down, redissolved in ¥ mlnof ethanol and a 1t ul aliquot. counted

in a scintillation counter.

c) Culture of Cells for Incubation with '%C-Steroids

i) ROSE Cells

Primary ROSE cells were set up as previously outlined. On
the 6th to 8th day cultures were scraped free of contaminating
cells, trypsinized, and seeded 1in 25 cm? flasks. Several
seeding densities were used, ranging from 2 explant cultures per
vflésk (approximately 50,000 cells) up to 12 explant cultures per
flask (approximately 300,000 cells). Cultures of high purity
(i.e. estimated greater than 90% ROSE cells) and varying in cell

density from half confluent to near confluent were chosen for
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incubation with radioactive steroid.. Those séeded  at 300,000'
cells per - flask ~ were ready for wuse within a,-week' of

subculturing.A

ii) 'Peritoneal.Cells'ahd Muscle Fascia_Fibroblasts"

Pfimary cultures of péritdneal,'cells ,were' set  up..as.
previously 'outlinéd and at 6 to 8 daYé seeded in 25 cmi'flasks
at 100,000 cells per flask. Muscle - fascia fibroblast (MFF)-
cultures were set up as before using tissues from both male and
female rats, and subcultured.after 3’ to 4 weeks to 25 cm? flasks
at 100,000 cells per flask. At densities from one.half>to near
confluence these flasks were incubated with radioactive

steroids.

'd) Incubation of Cells with Radiocactive Steroid

Cultures in 25 émz flasks were incubated with 3 ml of 10%
FBS/WM medium containing 400,000 cpm of radioactive steroid; for
7 hours at 37°C with gentle rocking. Flasks without cells but
with 3 ml of 10% FBS/WM containing 400,000 cpm bf radioactive
steroid were also incubated. These medium blanks were used to
detect any substrate reactions caused by components of the serum
or medium. Incubation medium was saved; cells were trypsinized
and counted in 3 ml of trypsin, and 24 ml of acetone was added
to the combined medium, trypsin and cells. The acetone was used
to disrupt cellular mehbranes. The blank medium was also
combined with trypsin and acetone. Incubations performed are-

listed in Table II.
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'TABLE II. INCUBATIONS PERFORMED -

CELL TYPE' ' 4C-PREGNENOLONE| '4C-ESTRADIOL
‘ROSE - 8 : 11
.peritoneal - .. : 6 ' 4
MFF (female) |  ND? 4
~MFF (male) . Na® - 4
- medium blanks | = . 3 6

- .all cultures 1ncubated were flrst passage
- ND = not done :
--NA - done by Auersperg et al., 1977;

"

3

'e) Extraction of Steroids from Medium

Incubation mixtures were centrifuged ;to femeve. cellular
debris,. and the‘ acetone was blown off at 40°C under nitrogen.
When a sample was to be used for thin layer chfomatography,
Sd ﬁg of each “radiOinert carrier :Steroid- was - added before
extractioe. To samples for paper chromatography 100;150 ug of
each steroid was 'added. Steroids added to the initial '“C-
pregeneolone medium were pregnenolone, progesterone, 17a-
hydroxypregnenolone,, 20o-dihydropregnenolone, : 170~
hydroxyprogesterone and 20g-dihydroprogesterone. For  the
initial ‘'“C-estradiol extraction, estrone, estradiol, estriol,
testosterone, A%-androstenedione and DHEA were used. In later
incubations only pregnenolone ahd progesterone were required
when 1“C;pregnenolone was substrate; only estrone and estradiol
were needed when '%C-estradiol was substrate. Medium samples
and blanks were extracted twice with 6 volumes of methylene
dichloride with vigorous shaking. Agqueous and methylene

dichloride phases were separated by filtration through Whatman
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phase ‘separatioh filter _paper.ﬂﬂAfter evaporation to dryness,
whole extracts were dissolved: in 1 ml; of. ethanol and,'20 wl

aliquotsfc0unted7inua scintillation counter,o ,

£) Chromatography Q;”Extraots

. Dried extracts were dlssolved in a few drops of chloroform*
and spotted onto chromatography paper or th1n layer plates ‘(see'

’Appendlx IV for detalls), For each chromatograph-a'51de strip

" TABLE III. CHROMATOGRAPHY DONE'

: » . PAPER PAPER. | . .TLC
.CELL TYPE - SUBSTRATE SYSTEM. | SYSTEM | SYSTEM
12 - 113 | 111"
ROSE '4C-preg® | 8 - 2
ROSE : 14C-E,® - Y 2
peritoneal '48C-preg 2 - 1.
peritoneal | '%#C-E, - 4 1
" MFF (female) t4C-E, - 2 2
MFF (male)’ '4C-E, - 2 2
blank l48C-preg 2 - 1
blank 'C-E; - 3 3

see Appendlx v for detalls of chromatograph1c
techniques

- ligroine as moblle phase

- benzene/hexane 1:1 as mobile phase
benzene/ethyl acetate 3:1 as moblle phase

- '4C-pregnenolone

- '8C-estradiol

- male MFF cells were incubated with
'4C-pregnenolone by Auersperg et al in 1977

N LR W N
|

containing radiocinert steroids was included. System I paper
chromatograms were usually run for”ZQFQB“hourS“and“System“FI

paper chromatograms for 23-25 hours. System III TLC plates were
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'alloweditd rﬁn_Qn1y until thejsolvént frontireached.thé_ top of
the ;plate,,vusuallyj1J5 to:2'houfs4’ The chromatograms done a:é 

“ listed in Table III..

g) Autdradiographié.Deteétion'givRadioactivévProductsj -
-~ Chromatograms Qeré-a:iedfforf24. h6urs, _stapled to X-ray
film, and exposed in 1light-tight cassettes for 4 to S_day$. 

‘ChromatogramS'we;e removed from the film and the film developed

(AppendixHIV)}v Radicactive regions were located and outlined in '

Péncil‘ on the chromatogfam:t For tentativefidéntification,.the
positions of the radioactive spots were compared wi£h _those of
radioinert steroids by UV absorbance in the radioactive stfips,
and with- UV absofbance and PMA spots on the radioinert  strips.
Rédioactive spots_wefe'cut out and eluted in chloroform/methanol

1:1, twice. for 2 hours at. féom temperature  with éentle
agitation. Elutants Weré AtranSferred vto vials, driedv doﬁn;

redissolved in 1 ml ethanol and 20 sl aliquots were counted.

h) Recrystallization.of Putative-'*C-Estrone-from-ROSE:

Cultures with Radioinert Estrone

Radioactive specimens eluted from the estrone region of
paper chromatégrams were subjected to recrystallization with
radioinert estrone to confirm or deny the radiocactive product as
'4C-estrone. Identity as estrone was confirmed if the
radiocactive material could be recrystallized with radioinert
estrone to constant specific activity. Constant specific~

activity was defined to be reached if three sequential «crystals
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had specific activities (counts ' per ~min._per* mg or cpm/mg)
differing by no more than 5% from the mean of their. .specific

activities.

.Two "“C—estrone speciméns were pobléd, (754;200 cpm with
’26.47mg §f éstrone - to‘assure a beginning specific-activity.'of

about 2,000 cpm/mg), ‘and recrystallized (in 50 ml centfifuge'
tubes with  éonical eﬁds) from the folloQing ;equence . of
solventé:'.methanol, éthanol, acetone, benzene,. methanol énd
acétone as described by Schwers (Schwers et al., 1965). At each -
recrystallization, estrone crystals Qere dissol§ed iﬁ the

boiling solvent and the solution concentrated unfil crystals
began to form. The tube was removed from heat and, after room
temperature was reached, was refrigefated o&ernight at 4°C.
Following centrifugation at 4°C and 2,000 rpm. for 10 minuteé,
the mother 1liquor (ML) was carefully removed by decantaﬁion or
Paéteuf pipette and saved. The crystal (XL) was washed with
cold' éolvent (the next one in the series except that methanol
was used instead of acetone since estrone is: very- soluble ' in
acetone), recentrifuged if necessary, and the washings
transferred to the ML. After drying and redissolving in 1 ml of
a suitable solvent (eg. acetone), a 20 uxl aliquot was counted in
a scintillation counter. The first two crystals, XL1 and XL2,
were used entirely for the next recrystallization, but
approximately 1 mg samples of crystals XL3 through XL6 were

saved for determination of specific activity.

Samples of '“C-estradiol eluted from paper chromatograms
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were similarly fe¢rystallized,with radioinert estradiol except
that - the solvent seqguence ~ used was methaholh: benzene,
_hegane/acetone‘(1:1), benzene, methanol, hexane/acetone (Schwéns

et a1‘1965).

i) Determination‘gi Specific Activity of Estrone and -

Estradiol Crystals and Mother Ligquors

?Eaéh.sample of crystél and mother 1i§u9r to be analysed Qas:i
dissolved in-1 ml of a suitable éolvent énd divided and saved as-
followé: 0;5'mlLas backup, two£0.1 ml aiiqubts for‘-gas >liquid“
chrbmatography"(GLC) to determine the mass of either estrone or

estradiol in the specimen, and 0.3 ml for scintillation.

~ The GLC was a Heﬁlett Packafd model #5830A fitted with an
ov225 colﬁmn (in the laboratory of Dr. K.. McErlane, Faculty of
Pharmacéutical Sciences, UBC). Conditions for the GLC and
preparation of the column are given in Appendix IV, All estrone
(E,) and estradiol (E,) specimens analysed were first
deri?atized*to their corresponding: trimethylsilyl (TMS) ether
derivatives as outlined 1in Appendix IV. If these relatively
polar steroids are analysed by GLC in their underivatiied states
they are retained for excessively 1long periods in the GLC
column. Derivatizatién to TMS ethers produces much more
volatile compounds which pass fairly guickly through
appropriately prepared GLC columns. A response curve‘for the
GLC was prepared using known quantities of E; and E, 1in
proportions E,/E, equal to 1/4, 1/2, 1, 2, 4 and 6. The ratios

of areas of E, and E, peaks on the GLC printouts were plotted
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N against-the.ratios of weights (Appendix IV) 1The‘mass'of-eithet
| E, er ~é2 -in a. spec1men was determlned by GLC ana1y51s u51ng a
knowndwelght of an 1nternal standard. added to: each 'spec1men.
For E, spec1mens E2 was used as the 1nternal standard for-Ez,’

_E@rwas the 1nternal»standard - By calculatlng the ratlo of areas'

- of E, and E2 peaks in . the unknown spec1men and consultlng the

'~response curves, masses were readlly determlned for the: unknown‘n
i-estrogen -At least’three 1 to 2 yl allquots from each spec1men
were tested by GLC analy51s From sc1nt111at10n countlng of. the
0;3'ml samples 'and the mass as determlnednby GLC, the spec1f1c

activities were calculated.

'j) Recrystallization of Putative '“C-progesterone from

‘ROSE Cell Incubations

Due to breakdown of the GLC in this lab and the lack of
alternate Aeduipment elsewhere, the confirmation of '4C-
progesterone production by ROSE cells could not be confirmed by

recrystallization to constant specific activity.

4 ELECTRON MICROSCOPY OF CULTURED ROSE CELLS

Descriptions of the ultrastructure of the ovarian surface

epithelium - in situ in several species have been reported

(Anderson et al 1976, Donaldson 1976, Papadaki and Beilby 1971,
Weakley 1969, Wischnitzer 1965%). Cultured ROSE cells were

examined electron microscopically to compare characteristics of
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the cells in vitro with those in vivo.

' Culturesv'were.'fixed,wwitb"giutaréldehyde in 'Miilonig's'
bUffer,. post fixed’mwitnv osmiﬁm tetrox1de, dehYdrated"inpan,'f
. alcohol serles, "and embedded in Epon. ‘Af complete outiine\ ofi'
this. procedure eis glven n Appendlx III w1th preparatlon of;

‘solutlons in Appendlx II.

Epon blocks were removed from dlshes, trimmed and sectioned
with glass or dlamond knlves on a Relchert OM U2 ultramlcrotome.
Sectlons were picked up _bn“ carbon ~coated copper 'grlds and
steined mith uranyl acetatelfollomed.by lead citrate,(Appendix"
III).,>Sections were ekamined and photographed on a Zeiss .EM-10

electron microscope.

5 TRANSFORMATION OF CULTURED ROSE CELLS BY THE KIRSTEN

MURINE_SARCOMA VIRUS

Cultures of ROSE cells were infected by Kirsten Murine
Scarcoma Virus (KiMSV) to test | their _susceptibility to
transformation by RNA oncogenic viruses.d» All resulting
transformed cell 1lines were tested for tumourigenicity by
injection into immunosupressed enimals. Tumours were classified

according to their histopathology.

The virus used, KiMSV, was derived as reported by Roy-
Burman (Roy-Burman and Klement, 1975) and assayed as given in

Auersperg (Auersperg et al.,_ 1977). (See Appendix V.) virus
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suspensions were stored in Waymouth medium enriched with 5%
heat-treated FBS and frozen under liquid.nitrogen.” Non heat-

treated FBS may deactivate the virus.

a) Infection of Cultures with KiMSV

| Cells to be infected with' K1iMSV wefev cultured in~'35‘mm:4
plastic cultﬁre dishes or ‘16 mm wells. Sincé the virus is -
incorporated into the cellular génome ,only_.if‘ the cells are
synthesizing DNA, it is important that cultures still have many
dividing cells when the virus is added. >Cells were inCUbatédVin’
virus suspension (Table IV) for one hour at 37°C before an equal
voiume_of 25% FBS/WM (non heat-treated FBS) was added. Cultures
-were subcuitured as warranted, first to 35 mm “dishes and, as-
cell numbers allowed, to 25 cm? flasks. Fully morphologically
transfdrmed cells were maintained oni 10 FBS/WM. For - each
transformed 1line, cells at early passages (4 to 8) were frozen

in liquid nitrogen (Appendix I1).

As a pilot project to seer if any- ovarian cells: were
transformable by KiMSV, mixed cell cultures from minced whole
ovaries were infected. Primary ROSE cultures were infected but
as these proved to be impure, due to fibroblasts underlying ROSE
cells near the explant, pure first passage ROSE cultures were
ultimately infected. As cohtrols for histochemistry of
transformed ovarian cells, peritoneal cultures consisting of
both epithelioid and fibroblast-like cells were infected with
virus, As negative controls for transformation and

tumourigenesis, a continuous cell line from non-virus-infected,
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TABLE IV.. CULTURES'INFECTED'WITH'KiMSVQ

CULTURE | NUMBER OF | FFU? OF VIRUS
~TYPE~ | CULTURES' | PER CULTURE.
primary ovarian | - 6 _‘1.4fx»107

-~ (mixed cell)

prima:y»ROSE'f_ R SR "’8‘8V105,

'pure_first’ jv'. 16 wells7ivuﬁ,2,21105L ,

passage ROSE. ' S B
v pfimary mixed - 4 S IET B 4 107‘
cell peritoneal: 2 -~ 8 x 10°

T - unless otherwise noted cultures are. 1n 

35 mm dishes
2 - FFU - focus formlng units.

pure, ROSE cultures was used. Table IV,outlines.the numbers and

types of cultures infected with KiMSV.

b) Histochemistry of Transformed Cells

. All resulting lines of transformed cells were subjected to
histochemical testing for A5-3g-HSDH and 17g-HSDH activity and

for lipid by 0Oil Red O stainings:

c) Tumourigenesis Testing of Transformed Cells

All transformed cell‘lines were testéd for tumourigenicity
by subcutaneous (s.c.) or intraperitoneal ﬂi;p.) injection of 3
to 5 million early passage cells (usually 5th or 6th) into
immunosuppressed, 4 week old, female Fischer rats. Subcutaneous
injection was Jjust anterior to the left vhaunch and  the
intraberitoneal. injection was given in the midline, midway

between diaphragm and pubis. Immunosuppression was achieved by
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subjecting animals to a sublethal dose (400 rads) of whole bodj'
X-radiation (280 KV X-ray) and waiting 24 to 36 hours before
injection to allow circulating lymphocytes to disappear. At
least 3 animals were injected for each site for each line. Rats
injected with virus-transformed cells were housed in C level

containment (Appendix V), and fed lab chow and water ad libitum.

The animals were closely watched for the development of
tumours. When tumours reached a suitable size (approximately
1 cm in diameter in s.c. sites) or if the animals appeared sick-
or exhibited pain (especially the i.p. injected rats), animals
were sacrificed by cervical dislocation and autopsied.
Autopsies were thorough only in the region of s.c. injection and
abdominal cavity, as relevant. Tumour specimens were ﬁixed in
10% phosphate buffered formalin for. histopathological
examination, and small pieces were fixed in 2.5% glutaraldehyde
(in Millonig's buffer) for examination by electron microscopy.
The presence or absence of ascites fluid was noted, and, where

possible, the volume was measured by syringe.

As negative controls for tumourigenesis, cells of a
continuous line of ROSE origin were used; . 3 to 5 million cells
from the 18th, 19th and 25th passages were injected i.p. or
s.c. into twelve, 4 week o0ld, immunosuppressed, female Fischer
rats. These control animals were kept one year, or until

development of illness or a tumour.
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d) Testing of Cells for Evidence of Viral Transformation

Morphologically - transformed lines derived from . virus-
infected; ‘pure, first passage ‘ROSE culturesvwereAsﬁbjected_to
three. tests'~tQ show whether they were, in fact, virally.

~ transformed.

Cultures were ~prepared for electron microécopib‘analysis'
(Appendix II1) and examined for ultrastructural‘evidénCe of C-
type‘retroviruses either budding from cellular-surfaces or lying

‘between cells.

Millipore—filtered, day-old medium from transformed
cultures was added to subconfluent cultures of a rat kidney cell
line (NRK - normal rat kidney) and the cultures monitored for

development of foci of transformed cells.

Subconfluent cultures.of transformed cells in 75 cm? flasks
were incubated with 5-[3H]-uridine and the medium subjected to
differential centrifugation on sucrose density gradients to
detect labelled particies of a density characteristic of the
Kirsten virus (Auersperg et al., 1977). The 1labelling and
sucrose density gradient analysis was performed by
Dr. J. B. Hudson, Division of Medical‘ Microbiology, Department

of Pathology, UBC.
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6 AUTORADIOGRAPHIC INVESTIGATION OF TISSUES AND CULTURED

CELLS'FOR THE:PRESENCE”QEVESTROGEN_RECEPTOR_ACTIVITYh5

Altﬁough vthé ‘bresence of eétrogeﬁ »fecepﬁors has  been
Ademonstfated;in.OQérian cancers . of surface vepitheliél,lérigini
“there'  is no report of sqch'receptors in'normai ovatian 5urface

epifhéiium; In this,studyithe,rat ovarian _sUrface ,epithelium; 

both in. situ and in vitro, was examined by autoradiographic

techniques for evidénce_of estfogen receptor -activity, that 1is,
‘evidence of estrogen specificity and of translocation of

labelled estrogeh from cyfoplasm to_ndcleus.

a) Preparation of Tissue Specimens .forvAutoradiography

i) = Fixation -

Tissue specimens were fixed overﬁight in absolute ethanol
ét 4°C, cleared in xylene and imbedded in paraffin, or else they
were fixed in neutral, phosphate buffered 2.5% glutaraldehyde,
dehydréted, cleared, and wéx imbedded as outlined by Uriel
(Uriel et  al., 1973).. According to Uriel, such fixation
techniques preserve the estrogen affinity of the estrogen
receptors. Whole ovaries, with "bursa still 1in place, were
removed from 3 month old rats and immediately fixed. As
positive controls, pieces of uterus, and as negative controls,

pieces of skeletal muscle (thigh) were similarly prepared.
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ii) Sectioning

Wax imbedded.tissue'was sectioned:éf 5 u_andﬂsections -were
méﬁnted on glaéé; miéroscépei slidesv (Appéndix_ VI). ,Severélu
sections of ovaryf ﬁterus>and’mu5cie'weré.mounted on eaghvsliaé.;'
A sufficient number df slides was prepafed tovallow‘siide§ to be' 
developed at weekly\ihtefvéls-from 1 ;o 4 weeks. Sections wéfe
prepared for >aﬁ£oradiography' within 48 hours 6f sectidning'to
minimize oxidatioh and hence inactivation of the estrogen

receptors.

iii) Labelling Slides with Tritiated Estradiol

Paraffin sections were. rehyarated to phosphate buffered
saline (PBS) via xylene and a graded alcohol series. Réhydrated
sections wére incubated for,30 minutes at ‘room temperature : in
PBS éontaining approximately 1 xCi per ml ‘of 2,4,6,7-%H-
- estradiol (°H-E;). Slides were then washed in two 20 minute
rinses of PBS, rinsed very briefly 1in distilled water, and
allowed to air'dry~at'foom=tempenaturen Some' sili-des-were. left.
unlabelled as controls for positive chemography (i.e. chemical
reduction of Ag* ions to Ag atoms in the emulsion).

iv)  Steroid Competition Experiment Using Ethanol-fixed

Sections

Sections were processed as above by labelling with 3H-E,
except that for some slides the PBS wash contained one of the
following radioinert steroids at 4 pgm/ml: estrone, estradiol,

progesterone or testosterone (Uriel et al., 1973).
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b) Fixation and Labelling of Cultured Cells for

- Autoradiography

Primary cultures of; ﬁOSE 1cells -we;e grown~-oh plastic
‘coverslips (Thefmanox). Week old cultures were generally: .used.
Cells were eithér‘ labelled after'ethanol.fixation_or labelled

‘live and then freeze-dried. |

i) Labelling of Ethanol -Fixed Cultures

Cultures weré prefinsed fbr‘10'minutes 'in PBS .to remOve'
traces of FBS, fixed in absolute ethanol for 20 minutes at 4°C,
rehydrated for one minute ih PBS, and incubated for 30 mihuteé
at room temperature in PBS containing °3H-E, at 1  «Ci/ml.
Following incubation, coverslips were rinsed in two . 20 _mihute
rinses of PBS with bgentle agitation; rinsed very briefly in
distilled wafer, and allowed to air dry at room temberature.
Some cultures were left unlabelled as controls for positive
chemography and unintentional exposure to radiétion. (See

Appendix VI.)

ii) Steroid Competition Experiment Using Cells

Labelled After Ethanol Fixation

Cultured cells on plastic coverslips were labelled with H-
E, as above, but some were washed with PBS containing either
radioinert estradiol or progesterone at 2 ggm/ml of buffer.
This concentration of radioinert steroid is approximately 600

times that of the tritiated estradiol used in labelling.
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iii) Labelling of Live Cells

Week old primary ‘cultures, withi explants rémovea,; were
- thoroughly rinéed_vin~ two. 10 minute changéé of vserum—fﬁee
waymouth medium to remove traces of serum. Fetal bovine serum
containé;'many  steroids, inclhding. estrogens,‘.andfthus would
compéte"Wifh the 3H-E, usea in labelling. CultUrés»-weré'-then 
incubated in . Waymouth medium. containing 1 wCi/ml of *H-E, for
one hour ét 37°C,in a humidified incubator with ah atmosphere oﬁ;
5%.CO,, 95% air, or at room temperatﬁre and atmosphere. ‘After
incubation, cultﬁres were rinsed in ﬁwo 20 minute changes of
Waymouth:medium,,rinsed.very briefly in distilled water,. and
then immediately ‘left to freeze-dry in a deséiéator at -20°C.
‘Some cultures were left wunlabelled as controls for positive

chemography and unintentional exposure to radiation.

iv)  Steroid Competition Experiments with Live-labelled

Cells

This expefiment was performed to test for estrogen

specificity of estrogen binding by living cells.

Cultures were processed as above except that the following
labelling solutions were used:
- Waymouth medium with 3H-E, at 1 xCi/ml,
- Waymouth medium with 3*H-E, at 1 wCi/ml plus 2 u«gm/ml of
radioinert estradiol,
- Waymouth medium with 3*H-E, at 1 wCi/ml plus 2 pgm/mi of

radioinert progesterone.
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- The concentrations of radioinert steroids, -used were

'approximately.soo times that of the SH-E, used for labelling.

v) = Pulse-Chase Experimént-with Live-lébelled Celis

This experiment was done to test: for translocation of label.

from cytoplasm to nucleus with time. -

Week-o0ld primary culturés were labelled b(pﬁlse) as in
section b(iii)‘but durihg the,post labelling,phase-culturés were
left for periods of 0.75, 2;5, 4.5 br 6.5 hours. (chase) in
Waymouth medium contéihing 1-2% FBS. The 0.75 _houf. minimum
chase was required as the usual washing time. A small amountvdf
FBS was added to the 'chase' medium to maintain the cells in.
reasdnably healthy condition and to reduce 1iftihg of éells off
the growth surface. After the chase, cerrslips'were dipped
very briefly in distilled water and freeze-dried in a dessicator
at -20°C.

c) Coating of Sections-and Cultured Cells with'

Autoradiographic Emulsion

Labelled and control sections and cultures were coated in
autoradiographic emulsion (Kodak NTB-3 diluted 1:1 with .
distilled water) and allowed to dry at room temperature. Coated
preparations were stored in light-tight boxes and exposed at 4°C

for 1 to 5 weeks. (See Appendix VI.)
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d) Development. and Stainihg»gg AUtoradiograms;_-

. Slides and'vaerslips éoated.in‘emulsibn .and -exposed for
periods of. i_to 5'wéekS'Qéfe'deVéloped‘accdfdingfto-Leightdn'é
method (Léightgn et al;,»1980)'(5eelalso Appendix VI); washed
well iﬁ tap water and stained. Sections were stained'briefiy in
'haematoxylin’ (é minute o;:less) and:eosin. Sinﬁe Silveflérains
in the édtoradibgram are destabilized and lost by extfeﬁeﬁ‘of PH
(especially_ acid) ‘it was necessary - not ‘to~ oversﬁain with
haematoxylin. The gelatin of the emuLsion takes up eosin very
strdngly. Coverslips were stained in toluidine - blue for 1-2

. minutes, then very briefly in eosin.

e) Evaluation of Autoradiograms

Sectioned material was not evaluated quantitatively.

Cultures on plastic coverslips were  covered by a glass
coverslip using distilled water as a temporary mounting medium
only while couﬁting silver grains. Silver grains were counted
with the aid of a grid in the micréscope eyepiece and a hand
tally. It was found best to count a whole (or half) field (at
x25 ijective) at one timé, e.g. by total grains per field,
total grains over nuclei, and total grains over blank areas
between cells, and then calculating total cytoplasmic graihs by
subtraction. In some tests, however, involving the number of
grains per cell versus cell area, individual cells were counted.
Background grains due to steroid affimity of serum”proteins was”

determined by counting grains in cell-free fields. Unlabelled
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control cultures were evaluated for silver gfains to determine
backgrodnd due to positive chemdgpaphy and fadiation fromﬂ

sources other than:the tfitiated estradiol used for labelling.
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"CHAPTER III.. RESULTS

The feSults Qf,experimentsrperformed are presentealhefé< in
the. same order as in Materiéls ~and Methods; An additional
section has been édded.after autoradiogréphy:té  deal» wifh' thé o
descfiptiénﬂdf two'¢pnfinﬁoﬁs_cellilines arisihé ffom an;§{fusf;

infected ROSE cultures.

1. CELL CULTURE-

a) Ovarian Cultures

i) Mixed Cell Cultures from Whole Ovaries

It was in mixed ceil ovarian cultures, produced by mincing
whole ovaries, that rat bvariaﬁ'surface epitheliél (ROSE) cells
were first tentatively identified. 1In these cultures four cell
types were generally found. The predominant cell type had a
distinct epithelial morphology (Figure 2a) which did not
resemble published . pictures of: other-.ovanian» cells,  namely
granulosa (Channing,>1969a, 1969b; Fischer et al., 1972), thecal
(Stadnicka et al., 1976; Stadnicka, 1976), luteal (Gospodarowicz
et al., 1972b), or stromal (Channing, 1969a,b). These cells
were polygonal in shape with clear cytoplasm, had well-defined
borders, and grew in confluent monolayers. These epithelial
cells were morphologically, histochemically ~and
ultrastructurally shown to be surface epithelial in origin in
the course of this work. A report bublished by Long in 1940

claiming to have cultured the mouse 'germinal' epithelium
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FIGURE 2: CELL TYPES IN CULTURES FROM WHOLE OVARIES

2a. Epithelioid cells with clear cytoplasm and well-defined
borders identified as ovarian surface epithelial cells, from
mixed cell cultures derived from minced whole ovaries of 3-
month-old rats.

2b. Granulosa cells from follicles of ovaries from
prepubertal rats stimulated with pregnant mare serum
gonadotrophin.

2c. Spindle-shaped cells resembling fibroblasts from mixed
cell ovarian cultures, tentatively identified as stromal
cells.

2d. Large, polygonal, lipid-filled cells tentatively
identified as luteal cells in mixed cell ovarian cultures.

2a,b,c,d. :Ethanol-fixed, toluidine blue, x145
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presented micrographs of'culrured cells srrongly-resembling ROSE
cells. Tﬁe other cell types in mixed cultures were tentativély'
idéntified by histochemistry and by comparison fo culture
morphology with publlshed reports as granulosa, stromal (Flgures'
2c) and luteal (Figure- 2d) in that order of - predomlnance.."In'
Flgure 2b is_‘seen -the culture morphology of granulosa cells‘
';cultured from the folllcles of prepubertal rats  treated .WIth”
pregnant mare serum gonadotrophﬁns 4(Harrison and Auersperg,

1981).

Growth curves for mixed cell‘ovérian cultures are shown in
Figure - 3. In both series cells deteriorated rapidly after day
16. These two curves differed considerably, with that for
series (a).réaching almost double the cell number (approximately
three population doublings) at stationary growth as'tharuin
curve (b) which underwent two population doublings. Neither
series exhibited " an éxponential growth phase, but if the time
taken to progress from 50,000 to 100,000 cells was compared for
both curves, series  (a) had:a doublingvtimewof 2.5 daysy and-
series (b) 4.5 days. The difference between these two curves

was due perhaps to the heterogeneous nature of these cultures.

In the two 1life span determinations attempted for mixed
cell ovarian cultures one ceased to grow after the third passage
and the other resulted in a <continuous cell line. In both
determinations only fibroblast-like cells remained after the
second passage. The: continuous line (125) was: carried 26

passages before being discontinued. Growth curves for L125 at
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FIGURE 3: GROWTH CURVES FOR MIXED CELL CULTURES1 FROM WHOLE OVARY
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the 16th passage were very similar, possibly .because. of the. .
uniformity of cell composition of this line. Cultnres,seeded‘at
5,000 cells/cm? in  10% FBS/WM reached densities of 26,000

_'cells/cm2 (2 population doublings) at stationary growth.

ii) Mixed Cell Cultures from Ovaries Kept in Organ

CUlturé‘Befdre-Mincing,“

This was a first attempt at producing cultures enriched - in
surface epiﬁhelial cells. When whole dvaries were kept in organ
culture for 1 to 7 days in order to kill the inner'éeilS) éﬁd
- then minced as befo;e, the proportion'of ROSE cells:wasvsomewhat
incréased but the yield was greatly reduced and the cultures far .
from- pure. This.method was -judged not td be a good one for
growing ROSE célls, and was pursued no further. The viability.
of ROSE cells was reduced by prolonged brgan: culture but the
viability of underlying célls was not reduced enough.

iii) Mixed Cell Cultures from Ovaries Subject to nying

Before Mincing

This experiment, the converse of that in the preceeding
section, was performed to help confirm the identity of cultured
ROSE cells. Cultures produced from ovaries dried for periods of
30 and 60 minutes showed a reduced number and size of ROSE cell
colonies when compared with cultures from fresh ovarieé. The
reduction of ROSE cell growth was greater éfter,the longer
drying period. The actual amount of growth for other cell types
(especially luteal) increased over that in cultures from freshly

minced ovaries. This result showed the importance of reducing
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exposure of . the ovaries to air in order to minimize damage to
the surface epithelium. This brief 'drying' experiment, along.
with its converse 1in which ovaries were kept in organ culture -

béfore.minéing, tended to confirm nthe identificatibn of the

ovarian surface epithelium in culture, but- it merited no further -

analysis.

iv). Attempts at Removing the Ovarianxsurféce

"Epithelium by Treatment of Ovaries by Hypertonic

Buffer Solutions

This method was originally developed to separate the.
epithelial layers from underlying mesenchyme in regeneratihg
newt limbs (Jasch, 1979). Although very successful when used on
néwt limb regenerates, it separated very little surface tiséue
from rat ovaries and the few single <cells and small ' sheets
produced were not Viable in culture. |

v) Removal of the Surface Epithelium from Whole

Ovaries by Enzyme Dissociation

A summary of results for these enzyme dissociation trials
is given in Table V. See Table I for an explanation of the
.terms used. The results can be placed in three categories,
namely good yield, poor yield, and impure. The good enzyme
treatments, SCV,. SH(TE) AND SH(TE)V, produced high yields of
cells which resulted in cultures consisting mainly of ROSE cells
as judged by morphology. Histological examination of residual
ovaries éhowed stretches of surface denuded of surface

epithelium with little erosion into subsurface structures such
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: TABLE .V, EVALUATION OF CULTURES OF
1. CELLS REMOVED  FROM THE, "~ OVARIAN
SURFACE BY ENZYMES - co
: cell
culture' yield - composition
SC low ‘mostly ROSE '
- SH very low " no growth
SHV - low -mixed
SHCV low ‘mixed -
S(TE) low - mostly ROSE
S(TE)V moderate mostly ROSE
S(TE)H - low mixed
S(TE)HV moderate . mixed
scv high mostly ROSE
- SH(TE) high. mostly ROSE.
- SH(TE)V high mostly ROSE"
S(CH)V high -mixed
SC(TE)V high mixed
SHC(TE)V high mixed
1 - see Table I in Materials and
Methods for definitions of
~ abbreviations used.-

as corpora lutea and follicles (Figure 4a).

In cultures produced from minced 'residual ovaries
(i.e. RCV, RH(TE), RH(TE)V) there was reduced ROSE cell growth
with many of the ROSE colonies not associated with an explant as
in cultures from untreated ovaries. Such colonies 1likely
resulted from sheets of surface epithelium loosened by the

enzyme treatment and lifted off during mincing.

Enzyme treatments producing poor yields of cells (as shown
in cultures SC, SH, SHV, S(TE), S(TE), S(TE)V, s(TE)H AND
S(TE)HV) left residual ovaries showing little loss of surface
epithelium (Figure 4b). Residual ovary cultures (RC, RH etc.)

were much like those from untreated ovaries. In general, vortex
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FIGURE 4: REMOVAL OF OVARIAN SURFACE CELLS BY DISSOCIATIVE
ENZYMES

4a. Ovary treated with hyaluronidase followed by
trypsin/EDTA then vortex mixed. Note stretches of surface
denuded of surface epithelium (arrowheads) with little
erosion of subsurface stroma., Compare with regions of
intact surface epithelium (s.e.). H. and E.. x160.

4b., Ovary treated with collagenase. Note region of surface
epithelium loosened from the underlying stroma (arrowhead).
Most of the surface epithelium in such ovaries remained in
place. H. and E. x200.

4c. Culture of ovarian surface epithelium contaminated by
spindle-shaped cells, typical of cultures of ovaries treated
with combined collagenase, hyaluronidase and vortex mixing
(see 4d). Toluidine blue, x120.

4d. Ovary after treatment with combined collagenase,
hyaluronidase and vortex mixing. Note areas of erosion into
underlying stroma and follicles (arrowheads). H. and E.
x160.
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mixing tended 'toé increase the yield of cells removed'from

‘ovaries treated with dissociative enzymes.

The methods resulting inAimpure cultures prbduced a high-

yield . of cells witQ~ much non—ROSE[,Coﬁtamination‘ (S(CH)V, 5-

'SC(TE)V, SHC(TE)V, SHCV).(Figure 4c),iAHistblbgical examination
6f-vfésiduél' bvarﬁes_.showedv iarge  aréasizdehudéd _ofAsﬁrface
_vepithelium with much‘eroSiQﬁ‘ihto underlying stfoma; foliicles‘
éné ‘cérpbra lutea (Fighre 4d). Theée treatments alSp prodﬁced
‘much erosion in the 'hilar_'régiod of the oQary, Cﬁltu:és
produced by mincing residual ovaries (R(CH)V,-RC(TE)V, RHC(TE)V,
RHCV) - showed reduced ROSE~growth when compared fo cultureé from

ovaries not treated with dissociative enzymes.

In summary,. even the 'good' cultures produced 'in . these -
trials were not pure ROSE, and hence were not.good enough for
viral transformation attempts.

vi) Production gi Pure First Passage ROSE Cell

Cultures

Ultimately a very simple methbd, 'invbiving culture of
ovarian explants with subsequent subculturing, proved to be the
most efficient in producing ﬁure ROSE cultures. When rat
ovaries (Figure 5a) were cut and explanted as described in the
previous chapter outgrowths of ROSE cells (Figure 5b) 2 to 4 mm
wide were produced after 6 to 8 days. The extent of the
outgrowth Qaried with the different batches of FBS used in the
growth medium. 1In over 80% of the several hundred primary ROSE

cultures grown this outgrowth ringed the explant (Fiqure 1).
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FIGURE 5: CULTURED RAT OVARIAN SURFACE EPITHELIAL CELLS

Sa. Section of rat ovary from a 3-month-old animal showing
ovarian surface epithelium as a single. layer of cells
covering the ovary and ranging from squamous to columnar in
shape (arrow). H. and E. X145,

5b. ROSE cells in primary culture. Toluidine blue, x145.

5c. A colony of ROSE cells in a first passage culture
showing the morphology of this cell type even in small
colonies. Note the mitotic figure. Toluidine blue, x145.

5d. A plastic section cut at right angles to the culture
dish through the ovarian explant on the right and the
outgrowth of ROSE cells on the left. Note that the surface
cells of the outgrowth near the explant are continuous with
the surface cells of the explant and that the outgrowth
becomes a monolayer at greater distances from the explant
(inset). Arrow, a region similar to that shown in Figure
11. Toluidine blue, x285.



82




83

Occésionally” primary7‘iROSE " cultures ‘wére» contaminated by
satellite colonies of gfanulosarlike,ceils and. areas of‘spiud;e—
éhaped cells. Approximately 50% of over 200 first passagé»_ROSE
cultures  set'Fup"by‘ this methbd'fWefe pu:ef ROSE | éell  in
védmposition as:jUdged bY”horphologicélIexaminatfqh. Even . Vefy'
vsméli ROSE ceil' éoloniés had'a'mOrphoiogy which:distinguishédv’
them ffom'otherfcultureavo§afiaﬁ»ceil,types_(Figuré 5C),."Sﬁch<. 
pure, first-:passage; ‘ROSE . CUlﬁures‘ were deemed suitableifor
viral transformation attémpts. When ‘ovarian explants  and
outgrowths were embedded in epon and sectioned perpendicular to
the groyth sﬁrface, the surface epithelial cells of the explant
~were seen to ‘be continuous with the surface cells 6f the
outgrowth'(Figure 5d).v\Near the.éxpiant there were fibroblast-
like cells ‘underlying. the surface ,epitheliél cells but at
greater distances from the explant. the outgrowth became a
monolayer of ROSE cells. |

vii) Growth Curves For First Passage ROSE Cells

Three growth- curves: were-determined -for ROSE: cells--in-first- -

péssage (Figure 6). Each of these determinations represents a
different seeding density. The three curves differ greatly in
cell density reached at stationary growth, namely 11,500
cells/cm? (Ga), 35,500 cells/cm? (6b), and 4,600 cells/cm? (6c).
Curves (a) and (b) indicate an increase in cell number of
approximately 1.5 population doublings whereas in (c) there is

not guite one population doubling.

All the wells and dishes in-these three series were set up
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FIGURE 6: GROWTH CURVES FOR FIRST PASSAGE ROSE CELLS-
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from\7-'to 8—déy—old.primary cultures. In.anothervseries, wells
of lfirst ,passage. ROSE cells, used.'as  contfolsj for .viral

tfaﬁsformation experiments, wé;e set up from.6 day 1old apfiméry _
chltufes\ at 5,000 cells/well. }Thesé  wells Qere‘subcuifured 
affér 25 days énd foﬁnd’to'have anvaVefaéé'of 102,000 cells/Well
(6ver'4'popuiafion doublings). These cultures weré 'thé_ origin.
fof a ébntinuéué liqe of Cells; ROSE;199, which 15 descfibéd inf

section I111.7.

From this limited study of ROSE cell growth it would appeap__
that cell density of first passage: ROSE cells at stationary
growth depends -on cell density at subculture and the age of

cells in . primary culture at the time of subculture.

viii) Life Span Determination For Cultured ROSE Cells

Five series of cultures were set "up in an attemp£ toi
determine the life ‘span of ROSE cells in culture. Four of these
series (215, 218, 239 and 241) were set up as described in
section II-1-a-viii. The fifth series, 199, was set up as a

control for KiMSvV-infected first passage ROSE cultures.

Series 215, derived from primary cultures grown in 25%
FBS/WM and passaged in 10% FBS/WM, plated poorly and ceased to
grow after the second passage. Series 218, derived from primary
cultures grown in 25% FBS/WM and passaged ih the same serum
concentration ceased growth after the third bpassage. Series
239, derived from primary cultures set up in 10% FBS/WM and
passaged in medium of the same concentration grew well at all

passages to become a continuous line, ROSE-239, which was
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§ pasSaged 22 times before being froZén;-»Series 241, grown ‘only
in 25%° FBS/WM' gfew poorly after second passage,.and was not. -

passaged a third time.

“Sefies 199 wells in first passage were Subéﬁltufea after 25'V

' ‘days to 4 dishes with 10% FBS/WM and 4 di;hesifwith-zzs%,;éés/WM7‘

_(approximétely.'75,000 célls/dish). 'Cellé'j&n the 10%;FBS/WM-”V
‘dishes piated very poorly, gferslowlyfana'weré:not fpassagedf a
second time.  Cells 'in' 25% FBS/WM dishés floﬁrished andiweré
passaged at" approximately weekly intarvals  to"producew the
_ cohtinﬁous line ROSE-19§. These cells grew for 36 passageé and‘
over 55 population doublings before being frozen. Morphologic

characteristics of this line will be discussed in section III-7.

The widely variable results of these life span studies do
not lend themselves to easy ihterpretation. of the;fivé éeries
studied three ceased to grow after two or three passages but the
other two became continuous lines. Many more series of cultures
would have to be set up to determine if this incidence of
'spontaneous transformation; of two out of five 1is high, that
is, to determine 1if ‘cultured ROSE cells readily undergo this
type of transformation.

ix) Effect of Added Estradiol on the Growth of

Cultured ROSE Cells

This experiment was tried to see 1if estradiol had a
mitogenic effect on cultured first passage ROSE cells. A
summary of results is given in Table VI. Cultures treated with

added estradiol in their medium showed a statistically
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.| TABLE VI, EFFECT OF ESTRADIOL ON THE MITOTIC INDEX ANDl
' BINUCLEATE INDEX OF FIRST PASSAGE. ROSE. CELLS

Days' Added? | Cells? Percent® | Percent®
oin Estradiol Counted Mitotic - | Binucleate "
Culture #g/dish | Figures Cells
3| 1605. | 2.62%0.93 | 1.56%0.92
3 10 | 1600 | 3.315+0.15°| 4.885x1.27
3. 20 1600 - 3.635+£0.75 .| 3.505+0.76 -
6 o | 1830 | 1.97#0.5 | 0.93%0.68
. 6 10 -2010 2.49°+0.68 - | 0.90+0.44
6 20 1930 - | 2.545+0.14 1.87%£0.47
9 - 0 1880 2.34+£1.05 0.80x0.65
9 10 1920 | 2.34#0.4 . 1.93%£0.59.
9 20 . 2050 2,240,118 1.515%+0.54"

—
!

medium was changed on day 5. . -

2 - growth medium was 25% FBS/WM; 2 ml/dish.

3 - cells from 20 microscope fields from two dishes
were counted for each data point.

4 - the 20 fields counted for each data point were

- divided into 4 groups of five fields for
statistical analysis. Effors given are standard
- deviations.

5 - these data differ significantly from control data

"at a level of significance equal to 0.05 using an.

ANOVA test for unpaired independent samples

(Larkin, 1976).

significant increase in mitotic index at three~ and+- six> days
after subculture when compared with untreated controls. After 9
days in culture there was no difference between treated and
control 1levels. The 1index of binucleate cellé was - shown
statistically to be significantly higher than controls on all
days tested (3, 6 and 9). These results suggest that estradiol

has a mitogenic effect on cultured ROSE cells.

Would steroids, particularly  the estrogens  present in' the

fetal bovine serum in the growth medium render these results
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inéonciusive? -'Accordihg to a published feport (Eéber.et{ai.,
: 1973) commercially-a§ailablenfetal boyine-sénam contain. 180. to-
360 ,pg/ml of‘.estroggns. (eétrone, _éStfadibl and estriol, but;
‘méinly estradidl,-Téo-ZSO pg/ﬁl);‘ Ih the experiment at quéstioﬁ-
| 'here-theié.mlfof;25% FBS/WM per dish'woﬁia,coﬁtaiﬁvOiS-ml of’fBS
with épproximately 90—i80,pg.v The,quantities_of_esfrédiql'added
tdféécﬁ dish in;fhis expériment were . 10 “and 20 ug,‘.ér ‘5x10‘
tiﬁes as -much as the amounf-likely_to be found in the serum.
. Hence results of‘this'experimént are probablf a goéd indication
’that estradiol has a mitogenic effect on cultured ROSE cells. A"
truly 'définitive test of estrogen influence on ROSE cells would
require use of steroid free medium for the growth of these
cells. |

b) Peritoneal Cell and Muscle Fascia Fibroblast Culture

Priméry' peritoneal cﬁltures arising 'froﬁ transparent
explants of mesentery from the small intestine 'contained both,
epithelioid and fibroblast-like <cells. The epithelioid cells
were likely mesothelial in origin- (Figure 7a-) and- the
fibroblast-like cells probably fibroblasts and adipocytes
(Figure 7b). Cell outgrowth from explants was luxuriant;‘ large
sheets o0f cells were produced within one week. Of the enzyme
‘treatments used on pieces of mesentery from the small intestine,
collagenase released a mixture of epithelioid and fibroblast-
like cells, hyaluronidase released very few cells, and
trypsin/EDTA released high yields of mainly epithelioid cells.
- Muscle  fascia fibroblasts grew as spindle-shaped cells (Figure

8). Cell outgrowth from fascial explants in 25% FBS/WM was slow
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FIGURE 7: CULTURE MORPHOLOGY OF PERITONEAL CELLS

7a. Epithelioid cells growing from explants of tissue taken
from the mesentery of the small intestine of 3-month-old
female rats. These cells are probably mesothelial in
origin. Toluidine blue, x180.

7b. Spindle-shaped, fibroblast-like cells derived from
mesenteric explants. These cells are likely fibroblasts or
adipocytes. Toluidine blue, x180.

FIGURE 8: CULTURE MORPHOLOGY OF MUSCLE FASCIA FIBROBLASTS

Spindle-shaped cells growing from fibrous tissue removed
from regions between layers of abdominal muscle. Toluidine
blue, x180.
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for 4 to 5 days, but increased ‘rapidly after a week. ' First

' pasSage'muscle-fascia fibroblasts grew-well‘in,10%,FBS/WMy:[v

~ 2. HISTOCHEMISTRY

a) 'Dehydrogenase Testing giﬁOvérian C:yoStat'Seétions

Histdchemicél_v'dataﬂ for fovérian cryostat sections are:
summarized.in Table VII. When: 84 frozen sections_of'iwholev‘rat‘
ovary vere tésted for A5-3p-HSDH activity, ,with DHEA' as
substrate, heavy deposits of dark-blué”formaZan were found only
in the corpora lutea and theca interné. The sufface épithelium,
granﬁlosa cells and vstromal areas were negative (Figure 9a).
Sections,tested:for 1.78-HSDH activity using either estradiol or
testosterone as substrate showed marked deposits of formazan in
the surface epithelium. = The ‘rest ~of the -ovary, with' the
exception of a few small formazan}patches in the corpora lutea,

tested negative for this enzyme (Figure Sb)..

Lactate dehydrogenase activity was- found:- in. mest ovarian. -

tissues by this histochemical test (Figure 10a). Formazan
deposits appeared in the surface epithelium within 10 minutes of
incubation. The stain in'this tissue tended to be more intense
‘than in the other ovarian tissues, but the difference in

intensity diminished with longer incubation times.
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TABtE VII. HISTOCHEMICAL DATA FOR OVARIAN CRYOSTAT
SECTIONS :

cell . |A5-3p-HSDH 17p—HSDH - LDH. - Lipid
type activity' Activity? = |Activity? By ORO®
‘ surface 1o L B _ e
epithelial | - - I I T w5 /-
. granulosa ' - - - S+ o/
luteal B S +/-6" + L 4
thecal B S - + S+
stromal L= ‘ - ‘ +/= : -
vascular S ’
smooth muscle |~ -~ - .- + , -
vascular " ' o
endothelial - - ot/ -
control - : , '
section” - . - : ' - n.a.%
1 - dehydroepiandrosterone (DHEA). as substrate.
2 - estradiol or testosterone as substrate,
3 - sodium lactate as substrate.
4 - 0il red O. -
5 - the surface epithelium stalned more quickly and
intensely than other cell types.
6 - there were small patches of p051t1ve cells in an
otherwise negative tissue.
7 - for all cell types.
8 - not applicable.

b) Lipid as Determined by Oil Red O in Frozen Sections

The results of ORO staining are summarized  in Table VII.
Corpora lutea and theca interna were very intensely stained for
lipidlby-this test. Granulosa <cells and surface epithelial
cells showed some cells positive for lipid (Figure 10b).

c) - Dehydrogenase Testing of Cultured Cells

These histochemical data are summarized in Table VIII.
Primary cultures of ROSE cells tested negative for A5-3g-HSDH
activity (Figure 9c) and positive for 17s-HSDH (Figure 9d), the

same as in cryostat sections. Cells in mixed ovarian. cultures

'
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FIGURE 9: HYDROXYSTEROID DEHYDROGENASE HISTOCHEMISTRY OF
' THE RAT OVARIAN SURFACE EPITHELIUM

9a. An 8 um cryostat section of rat ovary with formazan
deposits in the surface epithelium (A) and in small patches
of the corpora lutea (i), indicating 17-HSDH activity in
these cells. Substrate estradiol; counterstain Safranin O.
x150.

9b. An 8 um cryostat section of rat ovary with heavy
formazan deposits in theca interna () and corpora lutea
(arrow), indicating A5-3p-HSDH activity in these tissues.
Note that the surface epithelium (A) and granulosa cells (O)
test negative for this enzyme. Substrate
dehydroepiandrosterone; counterstain Safranin O. x150.

Sc. A primary culture of ROSE cells showing formazan
deposits indicating 17g-HSDH activity in these cells.
Substrate estradiol, x170.

93. A primary culture of ROSE cells lacking formazan
deposits after incubation with A5-3p-HSDH testing solution,
showing these cells to be histochemically negative for this
enzyme. Substrate dehydroepiandrosterone, x170.

FIGURE 10: LACTATE DEHYDROGENASE AND LIPID HISTOCHEMISTRY
OF THE RAT OVARIAN SURFACE EPITHELIUM

10a. An 8 um cryostat section of rat ovary with formazan
deposits in the surface epithelium indicating LDH activity
in this tissue (arrowhead). Other ovarian tissues also
exhibit LDH activity. Substrate sodium lactate;
counterstain Safranin O, x160.

10b. An 8 um cryostat section of rat ovary showing high
concentrations of lipid droplets in corpus luteum (c) and
interstitial tissues (i) and a few lipid droplets in the
surface epithelium (s.e.), as shown by Oil Red O staining.
Haemotoxylin counterstain, x160.

10c. A primary culture of ROSE cells showing cells with
formazan deposits varying from slight to dense, indicating
different levels of LDH activity. 1In the course of testing,
some cells have lifted off and many remaining ones have been
rounded up. Substrate sodium lactate, x160.

10d. A primary culture of ROSE cells with varying amounts
of cytoplasmic lipid as shown by 0il Red O staining.
Cultured ROSE cells show a higher cytoplasmic lipid content
than those in vivo. x400.
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TABLE VIII. HISTOCHEMICAL DATA FOR CULTURED CELLS

cell A5-3p-HSDH 178—HSDH LDH - lipid
- type' -| activity? |Activity?®* |Activity® |By ORO®:"
ROSE - _ + | +6 4/
granulosa R VoA +/=7 + /-
luteal +4+ N RS I
stromal - ' - " +/- - -
peritoneal. = ; - S+ +/-
- muscle : S
fascia -8 - ‘ +/- 4/
fibroblasts - B '
1 - of ovarian origin unless otherwise stated.
2 - DHEA as substrate.
3 - estradiol as substrate.
-4 - sodium lactate as substrate.
5 - 0il Red O : ’ '
6 - many cells showed very intense staining and others a
low level, ' : :
7 - granulosa cells tend to luteinize in culture

(Channing, 1969a; Stadnicka, 1976). 1In this study

- granulosa cells in mixed cell ovarian cultures showed
some positive cells for both enzymes.

8 - from Slavinski-et al., 1974.

tentatively 1identified as luteai celis.stained'intensely and
quickly (usually within 45 minutes) for A5-3g-HSDH and 17g-HSDH.
Cells in mixed ovarian culture thought to be granulosa cells
showed the occasional positive cell for both enzymes. Granulosa
cells tend to luteinize in-cultufe, that is they become positive

for A5-3g-HSDH (Channing, 1969a) and 17g-HSDH (Stadnicka, 1976).

In Table 1IX the results of histochemical testing’for the
two steroid dehydrogenases in ovarian cells both in cryostat
sections and in culture are compared. Published data
from other authors are also listed to complete the comparison.
From this table it 1is readily seen that the ovarian surface

epithelium has a distinct set of results compared to other

~
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A COMPARISON OF ACTIVITIES OF
HYDROXYSTEROID DEHYDROGENASES IN OVARIAN CRYOSTAT
SECTIONS AND CULTURED CELLS"
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Enzyme Activity -
- A5 38~HSDH 178-HSDH
Cell Type
: cryostat _ .cryostat oo o
.section culture section . culture
ROSE - - o o+
granulosa - +23 .- +2
‘luteal + + +/-4 +
thecal - + +5 - S +3
stromal - - - -
1 - data are from thlS study unless otherwise
stated.

2 - Stadnicka, 1976;

3 - Fischer and Kahn, 1972.

4 - there were small patches of formazan dep051t :
in an otherwise negative tissue.

5 - Stadnicka and Stoklosowa, 1976.
ovarian cell types.
Peritoneal cells and muscle fascia fibroblasts were
negative for both these enzymes.
When Fischer's. method: (Fischer. et al., 1972) was used to-

test ovarian and peritoneal cells for A5-3g-HSDH activity, all
cells tested showed: some staining, even control cultures
incubated without steroid substrate. This procedure was judged

a poor one, probably due to the concentrations of

very high

reagents used.

All cell types tended to have some degree of LDH activity.

Cultures of ROSE cells showed intense staining* in' many cells

with other cells scarcely stained (Figure 10c).
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d)- Oil"Red-Q.StaihingnEOr Lipid in Cultured Cells

_These.daté»are also given in Table VIII. Primary ROSE cell g
cultures 'showéd.'some{'lipidfin most.éells‘by this test (Figure
10d). Luteal cellé»wefe;ver§'heavily étaihéd, exﬁibiﬁing‘ many.
large droﬁle;s:*ihg evé:y cell;i ‘Peritoneal 'éells aﬁd muscié
'faséia fibroblasﬁs'Showed“stainiqg;in,some célls. whilel'othérs_

were negative,

3. BIOCHEMICAL DETERMINATION OF HYDROXYSTEROID

DEHYDROGENASE ENZYME ACTIVITY IN CULTURED CELLS

a) %C-Pregnenolone Incubations

A _summary of the main chromatographic results from these
incubations is given in Table X. Chromatographic positions of
various steroids used as markers in TLC and paper chromatography

are found in a calibration table in Appendix IV,

When ROSE cells were incubated with '8C-pregnenolone and
the medium extract analysed by TLC, seven radioactive baﬁds
other than '“C-pregnenolone were found. One band was at the
level of progesterone and another at a level similar té that for
the rédioinert steroids 17e-hydroxypregnenolone, 200-
dihydropregnenolone, 17a-hydroxyprogesterone and 200~
dihydroprogesterone. These four steroids were not well
separated on TLC plates using system III. The remaining five
were very faint and located near the origin. Two of these faint:

bands were also in-—'the blank incubation. Peritoneal cells



99

TABLE X. SUMMARY OF CHROMATOGRAPHIC RESULTS

, 1“C—preg'n.enolon'e2~ 14c-estradiol?

Cell Type' ‘

: TLC .| paper TLC paper .

ROSE . o + + _ +
peritoneal S +. + +

MFF | Co- - - -

blanks® _ - L= - -

1°- all cells incubated in first passage.

2 - + indicates radioactive material running
with progesterone.

3 - + indicates radioactive material running
with estrone.

4 - medium incubated - with radioactive ster01d
but no cells.

incubated with '“C-pregnenolone showed an almost identical
‘pattern of radioactive bands on TLC system III. Muscle fascia
fibroblasts have been shown previously to be negative for A5-3p-.

HSDH activity (Slavinski et al., 1974).

Analysis of medium extrécts from ROSE cell '“C-pregnenolone
incubations by paper chromatography (system 1) showed three
minor radioactive bands near the: -origin.. None. of  these-
coincided with the positions of radioinert steroids 17¢-
hydroxyprogesterone, 20g-dihydroprogesterone or 20a-
dihydropregnenolone. The band nearest the origin was at the

level of 17a-hydroxypregnenolone.

The runoff material from these chromatograms contained
radioactive material which, when tested on TLC system III,
showed two radioactive regions, one coinciding with progesterone

and the other running ahead of progesterone. There was only a
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very low - level of radioactive material in the runoff from the
"‘“C—pregnendlohe'blank none of which ran with ptogesterone' on

TLC system III. Perltoneal cell 1ncubat10ns showed a pattern of

radloactlve products 51m11ar to that of ‘ROSE cells when analysedvg,

‘1n'the same-way.

"'b) . 18c-Estradiol Incubations

A summarﬁ of ehromategraphic results trom tﬁese ineebatiens.
is givea ”iny Table X.  When mediumsextractsxfrom 14C-estradiol
inCubations were:analysed by TLC‘a major radioactive vbaﬁdﬂ wés
found at the'estrone leQel in both ROSE and peritoneal extracts,
but not in MFF extracts or blank incubations. ' Four faint bands
of radiqactive material were found near theiorigin in TLC's of
all incubations analysed, those with cells as well as blanks.
Hence there must be enzymes or reagents in:the medium altering

‘the '%C-estradiol.

On paper chromatograms (system II) the estradiol and
estrone regions were well separated (see Appendix V).
Chromatograms of '%“C-estradiol incubation medium extracts run
for both ROSE and peritoneal cells showed radioactive material
running with estrone, but no such material was found in
chromatograms of MFF or blank incubations. A faint region of
radioactivity was noted at the origin for all cell types and for

the blanks.

Radioactive regions at the level of estrone in system II
paper chromatograms were eluted, dried, redissolved in 1 ml of

‘ethanol, and 20 w1 aligquots were counted in a scintillation
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estradiol ‘incubations 200,000 cpm was used
inadvertently.

these figures are derived from radioactive .counts of
whole medium extracts before chromatography.

this material contains at least two radioactive
compounds: as' shown: by rechromatographing: eluants- on-
TLC plates.

these runoffs contain at least two radioactive :
compounds as shown by chromatographing on TLC system
ITI.

Runoffs from system I paper chromatograms suspected of

- TABLE XI. -RADIOACTIVITY IN PROGESTERONE AND ESTRONE
REGIONS OF PAPER CHROMATOGRAMS
Cell Type ROSE ROSE . | Peritoneal Peritoneal
Incubations' '

Number = 7 11 o2 4

Type 14C-preg t4C-E, t4C-preg 14C-E,
Total? | | |
Extract (cpm) 2.2x10° 2.1x108| 7.1x10°% 6.6x10°
Estrone?
Region (cpm) - 1.3x10°% - 1.9x10"
Progesterone®
Runoff (cpm) 3.0x10% - 3.6x10% -
Percentage Of
Total Extract 1.4 6.2 5.1 2.9
1 - in 1“C—pregnenolone'bincubations approximately 400,000

cpm was used per incubation. In almost all '%C-

containing '“C-progesterone were also counted.

These data

given in Table XI.

are
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c) Recrystallization Of Radiocactive Estrone To Constant

Specific Activity:

Radioactive material, éiﬁted ffrom the estrone fegi&ns of
_,two_chfomatograms of_mediumleXtracts'from'ﬁOSE'cell' incubations
}(a- fdtél of,:1.8x106 cells)  was pooléd'énd‘reérystallized-with:
radioinert estrone. When this -sample: (54,200 " cpm) was
récfyétallized with estrone (26;4 mg)ﬁconstant specific‘aétivity
(CSA)v was reached .after six recryétalliiaﬁioné. -The data.are

‘given in Table XII.

TABLE XII. SPECIFIC ACTIVITIES' FOR CRYSTALS
AND MOTHER LIQUORS FROM RECRYSTALLIZATIONS

Estrone

ML? Sample SA® cpm/mg | XL' Sample SA cpm/mg

ML3 2150 XL3 1504
ML4 - 1433 XL4 1705
ML5 1815 XL5 1576
ML6 1629 XL6 1617

1 - masses determined by GLC, radioactivity-by-
scintillation counter.

2 - mother liquor.

3 - specific activity.

4 - crystal.

The average specific activity (sA) for cfystals (XL) 4, 5
and 6 was 1632 cpm/mg. The SA of the three crystals differed
from this mean by 4.5%, 3.4% and 1% respectively. The SA of the
mother liquors (ML) approached the SA of the <crystals as the

crystals became purer. The average SA for ML's 4, 5 and 6 was
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1626 cpm/mgf”‘Hehce’constaht speéifiCjactivity was-achieved and_
“the . presence',of:‘“c—estrona in the sample confirmed. vBaaed‘on
‘the average SA of 1632'cpﬁ/mg ahdf26.4bmglof radioinért.estrone,
- the original radiaactive specimen mhst-havé_cohtained 43,100 cpm
of '4C-estrone with soma ,000. cpm - of other h’AC compbunds}_
Thﬁa‘ 7%» of the total extract chromatographed (632 000 cpm) was_ 
jreclaimed és_anc—astrone._.lt is thus ' onflrmad that -cultured
ROSE cells cah expreas 178-HSDH . activity and do' convert

‘estradiol to estrone as was indicated histochemically.

4., ELECTRON MICROSCOPY OF CULTURED ROSE CELLS

Cultured ROSE 'tells were examined ultrastrhcturally in
pfimary culture .ih. areas near’ the' explant and in areas of
monolayer growth dlstant from the explant. In reglons of the
‘outgrowth near the explant ROSE cells had a low cuboidal shape
with numerous microvilli, underlying basal  lamina, apical
junctions resembling junctional complexes, large nuclei, RER and
petinuclear filaments: (Figure. 11a). In- monolayer- regions: of =
pfimary cultures ROSE cells were near squamous in shape and had
apical Jjunctions resembling junctional complexes. No basal
lamina could be detected but there were traces of fine fibrillar
or amorphous material below the basal cell surfaces. Cells in
monolayer regions . tended to overlap one another with long
pracesses and there were a few microvilli varying greatly in
- length. In Figure 5d is seen the location of a region similar

to that examined in Figure 11a.
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FIGURE 11: ULTRASTRUCTURE OF ROSE CELLS IN CULTURE

ita. An electron micrograph of ROSE cells in primary

culture selected from a region in the outgrowth near the
explant similar to that indicated by an arrow in Figure 5d.
Note the apical junctions (4), basal lamina (arrow),
microvilli and perinuclear filaments (f). Underlying cells (s)
are likely stromal fibroblasts. x7,000.

11b. An enlargement of part of figure 11a to show details
of an intercellular contact. Note the interdigitation of
lateral cell membranes, the apical junction, and the
microvilli. x24,000.

11c. An enlargement of part of figure 11a to show the well-
defined basal lamina (4). x14,000.
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This ultrastructural picture of the - ovarian surface

_epithelium in vitro correlates well with published reports of °

the ovarian surface epithelium in situ from »severall'mammalianvj
species (Anderson ‘et al., 1976; Donaldson, 1976; Papadaki and

‘Beilby, 1971;.Weakley,‘1969;,Wischnitzer, 1965).

This ultrastructural evidence, 'albng with' . the preceding
morphological and histochemical data, substantiates'theiclaim

that these cells are of ovarian surface epithelial origin.

5. TRANSFORMATION OF CULTURED CELLS BY THE KIRSTEN MURINE

SARCOMA VIRUS

a) Transformation of Cells by KiMSV

e

Téble XIII lists the names and origins of KiMSV transformed
lines produced in this study. Mixed cell ovarian cultures were
the origin of three transforqu.lines. Complete morphological
transformation became evident at 3 to 4 weeks after infection.
Primary ROSE. cell cultureSvinﬁecteaﬁwitthiMsvi showed: foci- of
transformed cells (refractiie, spindle-shaped cells which tended
to pile up) within one week (Figure 12a) and showed obvious
morphological transformation within a month. However due to
underlying fibroblasts in regions of the outgrowth near the

explant the cells of origin of these transformed lines was not

certain,

Sixteen morphologically pure, first passage ‘ROSE cultures®

were infected with KiMSV. All cultures showed small foci of
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TABLE XIII.‘ SUMMARY OF KIMSV TRANSFORMED CELL LINES
o - .| Number of |Transformed| Names of
Culture Type . .. Cultures . |Lines , Transformed
: L Infected . |Produced Lines.
| primary- ) : _ ) . S -
ovarian (mixed) -6 . | 3 . | V54,V55',V56
‘primary ROSE° | 4 | 3 | V193,V194,V196
pure first- S | ~ | V197-10B,V197-13a,
passage ROSE - e 3 V197-15A
primary = o o VP6,VP55,
peritoneal - 6 - 4 - VP1397,VP198
1 - this - line grew poorly after storage under liquid
nitrogen and was discarded. '

‘transformed cells after -one week. Only three became fully
 morphologically transformed (Figure 32b,c,d), line V197-15A -at
one week, and 1lines V197-10B and V197-13A at four weeks. The
remaining 13 wells reverted in appearance to that of wuninfected

wells after 4 to 8 weeks.

Primary cultures of peritoneal cells were generally readily
transformed by KiMSV. Foci of transformed cells appeared in all
cultures infected within a week and four of these six cultures

became fully morphologically transformed in 10 days to 4 weeks.

The morphology of all these ovarian and peritoneai lines
was quite diverse, varying from spindle-shaped to rounded cells.
All cultures exhibited much piling up of <cells. With the
exception of line V194, derived from a primary ROSE culture, all
lines grew well on 10% FBS/WM and reached cell densities of 3 to

.5 million cells per flask compared to 1 million or fewer for the
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FIGURE 12: VIRAL TRANSFORMATION OF CULTURED ROSE CELLS

12a. A first passage culture of ROSE cells one week after
infection with KiMSV. Note the foci of rounded-up and
spindle-shaped cells which have piled up. These foci are
indicative of morphological transformation by the virus.
Toluidine blue, x150.

12b,c,d. Cultures of three lines of transformed ROSE cells,
V197-10B, V197-13A and V197-15A, at fifth passage after
transformation. Toluidine blue, x150.
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non-transformed cells. . ‘Line V194  required*“25%’ FBS/WM for

" replication and cell attachment.

- The }three_»lines derived from pure, first~bassageﬁROSE.
cultgres differed Qreatly from eacﬁ ofhef in morpﬁology, '»Cells‘
of line ‘V197415A ”wefe.veryvépindle'shaped (Figure_i2a).j'Line‘
 VT97‘10B,4 compésedr mainly of roundea celis} 1 fo:mea’  many'
s?hefical structﬁres at near regular iﬁter§al§»undér'croﬁded
cbnditions KFigﬁre 12b). Line V197-13A had mainly réunded ‘up
cells with many .large, spread’}out cells.(Figure 12c). The -
difference bet@een these morph@logies - and - thét' of the.
untransformed ROSE culture was most striking (Figure 5b).

'b) Histochemical Testing of KiMSV-Transformed Cells

Histochemicél data - for ‘KiMSV—transformed ‘cells ére
summarized in Tabie XIV.  All lines aerived from éure, first
passage ROSE cells were  positive for- 17g-HSDH activity and
showed faint A5-3g-HSDH activity with not all cells stained for
the latter (Figure 13). The strong positive reactions for line
V197-10B occurred only after the 10th passage, with earlier
passages being definitely negative. 1In some control cultures
there were some positive cells indicative .of non-specific
dehydrogenase staining; this was especially evident in line
Vi197-10B. Line V54, derived from'a mixed cell ovarian culture,
showed some 17g-HSDH activity. The other four ovarian lines:
were all negative for this enzyme. Surprisingly, peritoneal
line VP197 was positive for both the  enzymes. The other

peritoneal 1lines were negative for both enzymes as were



- TABLE XIV. SUMMARY OF HISTOCHEMICAL DATA FOR’KIMSV—f
' _TRANSFORMED CELLS
: : A5-38-HSDH? 17 p-HSDH? o
Cell Line' Activity Activity - - Lipid ORO*
- V197-10B® +/= : ++ R
©V197-13a : /- s o+
Vi97-15A . | - +/- . + P
V193 i R S . B VA
V194 - - - ++
V196 B N e
V54 +/- +/- +
V56 - - ; +/-
VP6 - - +/=
VP55 - : - &
" VP197% ot/ +/- .
VP198 - ‘ : - +/-
1 - see table XIII for sources of cell lines.
2 - DHEA as substrate.
3 - estradiol as substrate.
4 - 011 Red O test done on glutaraldehyde or
formaldehyde fixed cultures.
5 - this line showed positive hydroxyster01d
dehydrogenase tests only after the 10th passage.
6 - the positive results for this are surprising in
the light of the negative results for the
untransformed cells and the other transformed-
peritoneal lines.

untransformed peritoneal cultures.

All

cells tested by Oil Red O showed the presence of

to some degree from slight to very heavy (V194),.

lipid
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FIGURE 13: HYDROXYSTEROID DEHYDROGENASE HISTOCHEMISTRY OF
KIMSV-TRANSFORMED ROSE CELLS

13a,b,c. Heavy to light formazan dep051ts in most cells in
cultures of transformed ROSE cells, indicating fairly strong
178-HSDH activity in lines V197-10B, V197-13A and V197-15A.
Substrate estradiol. a,b x120, cx110.

13d,e,f. Deposits of formazan in many cells in cultures of
llnes V197-10B, V197-13A and V197-15A of transformed ROSE
cells, 1nd1cat1ng A5-38-HSDH activity. Substrate,
dehydroepiandrosterone. d,e x120, f x110.

13g,h,i. Control cultures of lines V197-10B, Vi97-13A and
V197-15A incubated with dehydrogenase testing solution
without substrates, showing formazan deposits in some cells
(g) indicating some nonspecific dehydrogenase activity.

g,h x120, i x110.
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c) TumourigénesiS'Tésting of Transformed Cells

i) . Gross Observations on Resulting Tumoufss»

.Allreight ovarian lines and féﬁr_periténeal line§ of KiMSV;5
transforﬁed ceils at éarly péssagésﬁ(3_t011l) wéré‘ fumourigenic
in:immuhosuppressed 4;week«old feméle rété."Table-XV‘pfesehts 5 B

.sdmmafY'vOf ’gfoss_,observatibns -on. the ‘resulting tumours at
| subcuﬁaﬁeous sites, and Table ZXVI ' a ISimilar summary-. for

intraperitoneal tumours.

Tumours at subcutaneous sites were generally evident by
palpation at 3 to 5 days after injection. Tumours resulted from
all injectioné. Most_tumoﬁrs .grew quickly and some reached
relatively enormous .sizes by two weeks (Vfgsiih particular).

Animals were sacrificed at 5 to 14 days and tumours fixed.

Two lines'produced invasivé tumours in which thé body :wall
wés invaded (V54, V196). Most tumours were grossly 'healthy' in
appearance without obvious signs of necrosis. Subcutaneoﬁs
tissues in the region of tumours tended to be more vascular than
that in other locations. Tumours tended to be pale in colour
but some had small hemorrhagic blotches on their surface and
others were frankly hemorrhagic 1in appearance and blea on
cutting. Eight tumours were firm to hard and four were soft as
judged by ease of cutting with a scalpel. Tumours from the
three 1lines of pure ROSE cell origin resembled one another .
somewhat, but not strikingly so in comparison to ‘the other

ovarian and peritoneal lines.
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TABLE XV. GROSS OBSERVATIONS ON TUMOURS ‘PRODUCED BY :
KIMSV-TRANSFORMED CELLS AT SUBCUTANEOUS‘INJECTION,SITEST

: |Killed | Volume® | Colour®|Necr- | Skin®|Inva-
Line Pass?® |Days?® | (cm?) Texture| osis | vasc.| . ,
S L T g - ~sion? |’
V197-10B(6) | 13 3.8 P BF . - + -
V197-13A(4) | 6-10 - 1 P He F - -+ +/=¢8
V197-15A(4) | 10 0.5 P B Ha -/ -
V193(4) 6-10 " 6.8 .He F . - o+ -
v194(3,4) | 14 - 0.5 PF. S 2 R
V196(5,6) 14 13.5 P S - ++ [ 43
v54(5) 7-12 1.5 ‘He F - ' ++ ++
v56(5) - | 5-12 0.1 P S + 4/ -
VP6(8-11) .9 0.4 P S +/- + -
VP55(5) 5-12 2.4 . He s | +/- + -
VP197(3) 7 0.3 P F - | +/- -
VP198(3) 6 0.4 B F - + -

1 - 3-5x10°% cells per injection.

2 - numbers in ( ) are passages after transformation.

3 - most tumours were first evident at 3-5 days after
1njectlon. ,

4 - size averaged over all s.c. tumours of a given line.

5 - P=pale, B=blotched (small superficial hemorrhage),

He=hemorrhagic, F=firm, Ha=hard, S=soft.

6 - increased size and density of blood vessels in skin
.close to tumour.

7 —vobv1ous adhesion to or penetration into the skin or
body wall.

8 - Two of four s.c. tumours adhered to the body wall.
These tumours were hemorrhagic at the centre.

9 - One of these tumours penetrated the body wall,
entered. the peritoneail. cavity-and adhered: to:the:
ovarian mesentery.

‘All KiMSV-transformed cell lines tested by intraperitoneal
injection produced tumours. Most 1injections resulted in
intraperitoneal tumour growth. Table XVI summarizes gross

observations on intraperitoneal tumour growth,

Most intraperitoneallf injected animals exhibited evidence

of tumour development within one week of injection. These
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TABLE XVI. GROSS OBSERVATIONS ON TUMOURS PRODUCED BY
" KIMSV-TRANSFORMED CELLS INJECTED INTRAPERITONEALLY'

- Ascites?® . . ] :

Line Pass? = {Killed | vol(ml) [ Volume® nodules?’
days ‘Nature |- = (cm?) -
V197-10B(6) 7 3 B+ 2.0 BW DGI MSOMS |
V197-13A(4) | 6,7 5 B - 3.8 BW DG I KL MS OM
"V197-15A(4) 7 1 B 1.4 BWGTI S
V193(4) 6,87 2 B 1.0 BW D G OM -
vV194(3,4) - 7 2 B 1.3 DGI L MS®
V196(5,6) 7 1S 3.5 DGI L OM*®
v54(5-9) 5,87 2 B- 2.5 G I MC OM S
V56(8) 14 1.8 0.2 BW D G
vP6(11) 5,14 1B 3.0 BWD L
VP55(5,10) 5,9 1" B 6.0 N+
VP197(3) 6 1 B 1.5 DG L OM
VP198(3) 6,7 3 B 0.3 BW DG I K MS OM.
1 - 3-5x10€ cells per injection.

2 - numbers in parentheses are passages after
transformation.

3 - B = bloody, B+ = very bloody, B- = sllghtly bloody, S
= serous or straw coloured.

4 - size of tumour averaged over all tumours from a given
line developing in the greater omentum.

5 - nodules varied in size but with the exceptlon of
tumours in the greater omentum most nodules were
smaller than 5x5x5 mm. Letters give the location of
nodules: BW = body wall, D = diaphragm, G = greater
omentum, I = on body wall at injection site, K =
kidney, L = liver, MC = mesentery of the large
intestine, MS =-mesentery-of- the:'small intestine, N% =-
many small nodules studding most peritoneal surfaces
with pearl-like tumours loose in ascites fluid, OM =
ovarian mesentery, S = small intestine.

6 - tumour specimens growing in the greater omentum were
adherent to liver and loops of small bowel.

7 - at 8 days after injection two animals died from their
tumours (1 from each line).

animals became thin and lethargic, and had bloated abdomens. A
few animals died of their tumours at 8 days. On autopsy, tumour
growth was seen to be mainly in the greater omentum, with some

lines producing quite large masses (e.g. V196). There were
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usually aiso> sméller nodules studdiﬁg‘péritoneélwsurfaces; in
mesenteries and on intestinal walls;.on the diaph:agm,_livet and
“kidney. All lines produced ascites fluid, mostAnof  whichV was
bloody in"hature. : Volumes varied from less than. 1 ml té»err;
7 ml‘iﬁ different-animals. As with  the; subcutaneous. tumours,
- the -tﬁfee,ilines_ derived from purevROSE cul£ureS.resembledYone‘_
another but not Strikingly SO wﬁen compared Witﬁ ~the other

ovarian and peritoneal lines.

ii) Histopathology of Tumours

- Histopathologically all tumours pfoduced were sarcomatous
in nature. A summary of the histopathology of these tumours is

given in Table XVII.

Tumours from the three lines derived from puré ROSE cells
were highly cellular and poorly differentiated with ' spindle-
shaped cells having vacuolated cytoplasm (Figure i4a,b,c).
These tumours resemble the highly cellular endometrioid stromal
sarcoma, a rare form of ovariaﬁ cancer (Figure 14e) (Kao et al.,
1978; Russell, P., 1979). This tumour of the ovary is termed an
endometrioid stromal sarcoma because it resembles the

endometrial stromal sarcoma of the uterus (Figure 14d).

Tumours produced by other ovarian and peritoneal lines
tended to be fibrosarcomatous in nature, with the exception of
tumours of peritoneal line VP55 which were classified as

malignant mesotheliomas (Figure 15e,f),

Tumours of ovarian 1line V54 had a pronounced storiform
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"TABLE XVII, HISTOPATHOLOGY OF TUMOURS 'DERIVED FROM KIMSV-
TRANSFORMED CELLS -

- cell Line origin . histopathology
~ V197-10B-|-  'pure ROSE - endometrioid stromal sarcoma-
V197-13A | = pure ROSE endometrioid stromal -sarcoma
'V197-15A |'© pure ROSE =~ | endometrioid stromal sarcoma.
V193 primary ROSE | . -fibrosarcoma. .
S o , (splndle shaped cells) -
S V194 primary .ROSE. , : fibrosarcoma
. N ' ‘ (epithelioid cells)
V196 primary ROSE fibrosarcoma (with calcified.
' bodies and giant cells)
V54 mixed cell ovary]. fibrosarcoma resembllng )
malignant flbrous histiocytoma
V56 - mixed cell ovary low grade sarcoma
- VP6 mixed peritoneal fibrosarcoma
VP55 mixed peritoneal malignant mesothelioma
VP197 mixed peritoneal]| - fibrosarcoma _
VP198 mixed peritoneal| non-specific sarcoma

(mixed spindle-shaped
and epithelioid cells)

pattern (Figure 15a) which has been seén' in certain rare

thecomas of the human ovary; However thecomas are considered
benign growths (Scully, 1977b) ‘and the V54 tumours were
aggressively malignant, with pleomorphic cells and many mitoses.
The V54 tumours also strongly resembled the malignant fibrous
histiocytoma, a tumour which has been reported 1in the human
ovary (Ueda e al., 1977). Areas of tumours of ovarian line V193
had a storiform pattern not as pronounced as thaf of V54; there
were also fibrosarcématous regions of parallel spindle-shaped
cells (Figure 15b). Tumours of ovarian line V194 (Figure 15c)
were fibrosarcomatous and had plumper, more" epithelioid cells:

with a vaguely storiform pattern. The highly malignant tumours
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FIGURE 14: HISTOPATHOLOGY OF TUMOURS FROM KIMSV-TRANSFORMED
ROSE CELLS

14a,b,c. Histology of tumours formed by the lines v197-10B,
V197-13A and Vi97-15A. Note the highly cellular nature of
the tumours, the large pleomorphic nuclei and the vacuolated
cytoplasm. Note the resemblance to endometrial and
endometroid stromal sarcomas of the human uterus and ovary
(Figure 14d,e). These rat tumours are of a higher grade of
malignancy than the human tumours shown. H. and E.

x360.

14d. Histology of a human endometrial stromal sarcoma of
the uterus. H. and E. . x400.

14e. Histology of a human endometrioid stromal sarcoma of
the ovary. H. and E. x400.

14d,e. Micrographs are of clinical specimens provided by
Dr. P. B. Clement, Dept. of Pathology, Vancouver General
Hospital.

FIGURE 15: HISTOPATHOLOGY OF TUMOURS FROM KIMSV TRANSFORMED
CELL LINES OF OVARIAN AND PERITONEAL ORIGIN

15a. Histology of tumour from ovarian line V54
demonstrating the storiform pattern of fibroblast-like cells
seen in malignant fibrous histiocytomas and in certain rare
thecomas of the human ovary. H. and E. - x240.

15b. Tumour of the ovarian line V193 composed of spindle-
shaped cells with a fibrosarcomatous histology. H. and E.
x240.

15¢c. Tumour of the ovarian line V194 composed of plump,
epithelioid cells with a fibrosarcomatous histology.
H. and E. x240.

15d. Tumour of the peritoneal line VP198 showing a non-
specific sarcomatous histopathology of mixed spindle-shaped
and epithelioid cells with marked edema. H. and E.

x240.

15e. Nodules of intraperitoneal tumour derived from
peritoneal line VP55, found loose in ascitic fluid. H. and E.
x55.

15f. A higher magnification of part of figure 15e showing
tumour to be a malignant mesothelioma. Cells in the central
regions of nodules are more epithelioid whereas those at the
edges are more spindle-shaped. The blood vessel seen in the
lower nodule shows that at least some of the nodules loose
in the peritoneal fluid were once attached to the peritoneal
surface. H. and E. x240.
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FIGURE 16: ULTRASTRUCTURE OF TUMOURS DERIVED FROM KIMSV-
TRANSFORMED ROSE CELLS

16a. An electron micrograph of a V197-10B tumour showing
abundant RER (R) and extensive extracellular filaments (f).
x9,500.

16b. Electron micrograph of a V197-13A tumour showing very
closely spaced cells with microvilli (A) and SER (S). Note
the prominent nucleolus () and intracellular filaments

(F). A simple desmosome-like junction found occasionally in
this tumour is shown in the inset. x9,500, inset x45,000.

16c. Electron micrograph of a V197-15A tumour illustrating
a cell with well-developed SER and numerous Golgi complexes
(A). Note the long cell processes, slight amorphous
extracellular material and intercellular filaments in cross-
section (F). x15,500.

FIGURE 17: HISTOPATHOLOGY OF A TUMOUR ARISING IN A RAT
INJECTED WITH ROSE-199 CELLS

17a,b. Histopathology of a tumour arising subcutaneously 11

months after injection with 3-5 million ROSE-199 cells.

This tumour was very fibrous (b) with small, more cellular
regions (a). The tumour was diagnosed as a low grade
fibrosarcoma or a tumour of mesothelial origin. H. and E.- -
x440,.

FIGURE 18: EVIDENCE FOR VIRAL TRANSFORMATION OF CULTURED
ROSE CELLS

18a. An electron micrograph showing particles resembling C-
type retroviruses budding from a cell of line Vi197-a5A and
in extracellular spaces. x69,000.

18b. Foci of spindle-shaped, refractile, transformed cells
seen in a monolayer of NRK cells one week after medium
(millipore-filtered) from a KiMSV-transformed ROSE cell line
was added. Toluidine blue, x180.
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of7ovarian-line'V196 resembled those of line V54 but--also had
calcified‘vbodiesi fﬁot-tfueupsammoma_Qodies'sincg!they(were-not
laminated)7ahd,giant éells'6f the.»foreign4body type. j'Ovavlr.ia'n
.linev.V56'prodﬁced vé:& low grade sarcohas wifh the'main-part of

the "tumours” being granulation tissue.; 

' Pefitdnéal_line;*VPG.and‘VP197'pfodu¢edvfibroéarcbhas with
 areés havihg véguely storiform patterns of.spindie—éhaped cells.
Periténeal. line‘.VP198, (Figﬁré 154) prodﬁced edematous tumours
~having a non-specific sarcﬁmaﬁpus histplogy of mixedu.épindler
shaped and epithelioid cells. Tumours of line VP55 weré.
malignant mesotheliomas " and intraperitoneally produced large
numbers of small nodules studding peritoneal surfaces and tiny
| pearl-like clumps of cells . free 1in pefitoneal .fluid (Figure‘
~15e,f).

iii) Ultrastructure of Tumours Derived from KiMSV-.

transformed ROSE Cells

Ultrastructurally, tumours produced by all three
transformed ROSE lines (V197-10B, V197-13A, V197-15A) appeared
as clusters and cords of «cells with shapes ranging from
elongated to polygonal (Figure 16). Cells were partly
surrounded by fibrillar extracellular material which was most
abundantly and gonsistently present in tumours of line V197-10B.
Basement membrane was not seen in tumours from any of these
three lines. Microvilli were. numerous in lines V197-13A and
V197-15A,  Simple desmosome-like  Jjunctions aésccfatéd¢ with

cytoplasmic filaments were seen in V197-13A tumours (Figure



126
‘16b). bln terms‘ofvcytopiasmic:cﬁefacteristics.all three- lines"
wereA heterogehebus.e They contained some. eells where the
_ predominant.secretory organelle wés rpugh(endoplasmic reticulum
(RER), ‘and ‘6thers whege shert:tﬁbﬁies.and vesicles‘ef SEReahd
Golgi complexes vwere -abundant. Cells with ‘much _ana'.often
diiated RER. we:e»mosf commdn~in V197-10B tumeurs_(Figure_16é)}
while cells With‘prominentJSER‘were‘more common in fﬁmoure‘ of
the other two -1ines (Figure 16c). OceasionalVlipid-droplets
were. seen in all tumours, most bfteh in_fumours of lihe FV197-
iOB, the same 1line exhibiting heavy Qil red O staining in
culture. Tumours of all lines contained many -round vto‘ oval
mitochondria- with lamellar cristae.. Nuclei were pieomorphic,
frequently had prominent nucleoli, and eccasionally- were verj‘
ifregular in shape. In fumours of}ali these lines particles
resembling type C retroviruses were occasionally seen either -
budding from cell surfaces or free in intereellular spaces.

iv) Negative Control Tests for Tumourigenesis

As negative- controls. for tumourigenesis:-12: immunosuppressed-

rats were injected either subcutaneously (s.c.) ‘or’
intraperitonally (i.p.) with cells of the continuous line ROSE-
199, Each injection contained 3 to 5 million cells at passages
18, 19 or 25, There was no evidence of tumours of any kind in
the first three honthS' after  injection when animals were
frequently palpated for tumour development. However, three
tumours were discovered at 10, 11 and 12 months. One tumour,
measuring 15xi5x10 mm was discovered at 11 months at the

s.c. injection site just anterior to the left haunch.
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Hlstopatholog1cally th1s tumour resembled either"a llow grade"
fibrosarcoma or a benlgn tumour of the, pleura (Dalton et al.,
1979) (Figure.17).a It is possible that th1s tumour could ;have<
‘developed from the 1njected cells, but an 1nc1dence of 1rin 12.
-is hardly' comclus1ve,' Another tumour developlng ‘Iin‘ an
- s;c. injeeted .rar ewas :dlscovered.jat l10 -months on the rlghts
‘underside under the mostl bosterior;,nipple. | It measured.
m20x20x10 mm  and was classified as an ﬁndifferentiated5Careihoma
(Figure 215).\ It seems uhlikely-thatv;this tumour ceuld; have
"resulted from an injection given s.c. just anterior te‘the.left
haunch. The third tumour, measuring ‘30x30x20 mm arose . in an
i.p. injeeted animal and  was located on the upper chest, just
posterior to the neck. It was classed as a fibroadenoma of the.
mammary gland,' a‘tumour arising in 16% of aging female Fischer
rats (Goodman, 1979). There was no - sign of tumour
intraperiteneally. in this rat.‘ The remaihing 9 animals were
either killed at 6 to 8 months due to infections (3 animals) or
at 12 months. None of these nine showed any evidence of tumour
development in subcutaneous or intraperitoneal regions.

d) Evidence for Viral Transformation of Cultured Cells

In electron micrographs from the three transformed ROSE
lines V197-10B, V197-13A and V197-15A, particles resembling type
C retroviruses were frequently seen either budding from cell

surfaces or in intercellular spaces (Figure 18a).

When one-day-old medium' from these" three* transformed” ROSE

lines was passed through a millipore filter onto subconfluent
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NRR‘cells,ifoci.bf transformed NRK cells wefev.éeen‘ within' one
3 week'_(Figﬁre_ IQb);] - When. fapidly g;owing' Culturesh’oﬁ‘:the'
trénsformed_ ROSE . lidesljwe:e. incubafédi with ’5-3H—uridine,_
labeiled ypérficles,vwe;e prodﬁced>in:the medium.whichjbanded in.
sucrose déhsity grédieﬁts.atvaensities'typical of KiMSV (1.15 to' 
‘j.17 g/ml).‘ This rangé1of;den§itié$ vas wdetermiﬁed‘}brevidusly'

(Auersperg et al., 1977).

6. AUTORADIOGRAPHIC. INVESTI GATI ON OF TI SSUES AND CULTURED

* CELLS FOR THE PRESENCE OF ESTROGEN RECEPTOR ACTIVITY

a) 'Autoradiographylgi Sections

- The Vresuits'vof autoradiography done on sectioﬁs was not
quantified by grain counting. Sectigns of whole ovary treated
autoradiographiéally showed heavy densities of silver grains in
the surface epithelium, éorpora lutéa, theca interna and
granulosa cells .with stroma wunderlying the ovarian surface
epithelium less heavily labelled (Figure 19a). Labelling tended .
to be mainly cytoplasmic. 1In seétions of wuterus, epithelial
cells of the uterine lumen and glands were relatively densely
labelled with the stroma and smooth muscle less heavily
labelled. Scattered eosinophils in the wuterine stroma were
extremely densely labelled (Figure 19b). Sections of skeletal
muscle were labelled more heavily than expected. Tissue-free
areas of labelled slides showed a considerable density of
grains. This high background was .likely due to binding of

radicactive estradiol by albumin in the adhesive wused to bind
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FIGURE 19: AUTORADIOGRAPHY OF SECTIONS OF OVARY AND UTERUS

19a. A 5 um section of rat ovary (left) and ovarian bursa
(right) processed autoradiographically for the detection of
estrogen receptors. Note the heavy, mainly cytoplasmic
concentration of silver grains in most tissues of the ovary,
namely, the surface epithelium (s.e.) and a corpus luteum
(c). Stroma underlying the surface epithelium is less
heavily labelled. The ovarian bursa, a pouch of peritoneal
tissue surrounding the ovary is much less labelled.

Labelled with 2,4,6,7-3H-estradiol. Exposure 3 weeks.
H..and.E. x600.

19b. A 5 um section of rat uterus processed
autoradiographically for the detection of estrogen
receptors. Note the mainly cytoplasmic deposition of silver
grains over stromal (s) and glandular (g) cells. Note the
densely labelled eosinophils in the stroma (e). Labelled
with *H-estradiol. Exposure 3 weeks. H. and E. x400.

FIGURE 20: AUTORADIOGRAMS OF CULTURED ROSE CELLS

20a. An autoradiogram of ROSE cells in primary culture
labelled with *H-estradiol after ethanol fixation. Note the
dense labelling of the cells. Note the high background
labelling due probably to the binding of *H-estradiol to
serum proteins bound to the plastic growth surface.

Exposure 3 weeks., Toluidine blue and eosin. x350.

20b. An autoradiogram of a confluent culture of ROSE cells
labelled live with 3H-estradiol, washed in unlabelled medium
for a 45 minute chase, then freeze-dried. Note the mainly
cytoplasmic distribution of grains. Exposure 2 weeks.
Toluidine blue and eosin. x500.

20c. An autoradiogram of ROSE cells labelled live with 3H-

estradiol, washed in unlabelled medium for a chase of 6.5

hours then freeze-dried. Note the markedly increased

nuclear labelling of these cells when compared with cells in

Figure 20b. Exposure 2 weeks. Toluidine blue and eosin.
x400.
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sections to the glass. Unlabelled cont:ol §lide$ showed véry:
‘ﬁew graihé except for dense graihs over ‘aneas containing  red
‘blood_ celis.,v This positive chemographic effect could possibiy

" be dﬁe‘to‘the reduction. of. silver__ions. in the gemulsion by -
.ferfous ions in. tﬁe' haemoglobin; There - was no évidence>of
"negative chemography, that is, fading of the ¢image, in slides'“
exposed‘}£0-'iight then kept in tﬁe'dark-for three weeks beforev

development.

When sections labelled with tritiated-estradiolxwere:washedv
in PBS containing 4 wg/ml of radioinert estradiol or estrohe
there was a1very large drop in grain densities in all labelled
tissues compared with conﬁrol slides.  When the PBS fdr: washing
contained radioineft progesterone or testoéterone-there was a
lesser drop in grain densities. These grain densiﬁies were not
analysed quantitatively by grain éounting. This effect suggests
that the estrogen affinity exhibited by these tissues is
~composed of a specific affinity for estrogens plus a non-
specific affinity for -steroids:

b) Autoradiography of Cultured ROSE Cells

- Autoradiograms of ROSE cells prepared either from cells
labelled after ethanol fixation or 1labelled 1live and then
, freéze-dried showed obvious labelling of cells. 1In both méthods
there was a relatively high number of silver grains in cell-free
areas, usually about 1/5 to 1/4 that in areas covered with
cells. This was likely due to binding of tritiated estradiol to”

proteins in the serum in the growth medium which were 1in ‘turn
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bound 4to ‘the plastic cOverslips.“'There- were 'likelvaerum
_proteins bound'to cell sﬁrfaces‘as wel1, It is difficult to see

hoﬁ proper correction coﬁld be made for this‘ferro:;r .However,
-such 1bound>steroid'wouid'shoﬁ}no evidence_of'ﬁfanslocation ffqm
cytoblasm to nucleus in li?e;labelled cells. Most of the data

_presented in this section’were not correéted-for this type of

‘background. Unlabelled control sections ‘had very few ‘grains

either over the cells or the plastic surfaces (app:oximately 50
grains per half microscope field at x25 objective). Ethanol
fixation caused considerable shrinkage of cells (Figﬁre 206?._
Freeze-drying caused a distortion of morphology but nuclei - were
generaliy distinguishable from cytoplasm with suitable staining
‘(Figure 20b). There was much 1less shrinkage in freeze—driéd

In Table 'XVIiI a comparison 1is given for ROSE cells
labelled after ethanol fixation and cells labelled 1live, with
respect to silver grains per cell and ratio of nuclear to
cytoplasmic grains. Cells labelled. after- ethanod fixation hadwa:
significantly greater number of grains per cell than cells
labelled 1live. In cells labelled 1live the ratio of nuclear
grains to cytoplasmic grains was very significantly greater than
for cells labelled after ethanol fixation. Data for each method
shown in Table XVIII were obtained by counting whole or half
fields with the x25 objective (one whole and two half fields per
method). A Z-test for equality of proportions (Lindgren and
Berry, 1981) indicated that the probability of equality of the

ratios N/C for the two methods is extremely small (much less
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TABLE XVIII. COMPARISON OF AUTORADIOGRAMS.OF ROSE
CELLS LABELLED AFTER FIXATION: WITH THOSE LABELLED LIVE

C cells? . : _ grains® | - -
‘method’ | counted N | CcY per cell| N/C
ethanol | = I 1 A -
fixed | 382 1487 | 8743 - 26.8 0.17
live- - N D RN b _
labelled -| - 390 - 837 3278 . .- 10.6 -0.26
- 3.wéeks.exposure,.identical.evelopment times.

2 - cells were counted using the x25 objective with a

- grid in the eyepiece. For each method two half
fields of intermediate sized cells and one whole
field of large, spread out cells was counted.
Similar fields were chosen for both methods.

3 - total number of nuclear grains.

4 - total number of cytoplasmic gra1ns. :

5 - calculated by dividing total: gralns by total
number of cells.

than .001). -The greaterAproportion,of nuclear grains 1in the
live-labelled cells. argues for tfanslocation -0of label from

cytoplasm to nucleus.

~In bofh autoradiographic methods used the number of grains
per <cell increasedbaSnthenceli;ameas(aSrmeasuredwbyvmicnostopeq
i.e. in a two dimensional plane) 1increased (Figure 2i). In
autoradiograms cell areas were cléssified to the nearest 0.5
grid square and grains counted in nucleus and cytoplasm.
Nuclear areas were estimated to the nearest 0.1 grid square.
Ten cells wére analysed for each data point. Data were
corrected for background labelling due to serum proteins binding
tritiated iestradiol. For cells labelled after ethanol fixation
the number of grains per celi increased fivefold for a fivefold

increase in cell area. The ratio N/C of nuclear to cytoplasmic
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grains changea very little with:a;slight arop“detectable over
the range. of eellular areas.studied;\ Oﬁ,the othef hand, for
cells labelled_live, the”number.of grains per‘ceil only 'doubled.j,
as the area eéuedrupled but the ratlo N/C dropped markedly.

This reduced proportlon of nuclear to cytoplasm1c gralns is what
would<be expeeted due to the greaterjbaverage._dlstance ster01d

reeeptor complexes wbuld have to‘travel through £he thoplasm to

get to the nucleus in larger cells.

When ROSE. cells were. labelled live &ithAa one houn pulse of
tritiated ‘estradiol and then left in radioinert medium for .
chases of 0.75 to 6;5 hours, the ratio N/C in the reeulting
autoradiograms was highest ‘for the longest chase times.(Tabie

XIX). Each data point in Table XIX is' based on grain counts

TABLE XIX. PULSE-CHASE ANALYSIS OF TRITIATED
ESTRADIOL MOVEMENT IN LIVE-LABELLED ROSE CELLS'

Chase Cells? o Grains

Time (hrs) Counted N3 ct Per Cell N/C
0.75 456 1042 3828 10.6 . 0.27
2.5 397 580 3094 9.3 0.19
4.5 731 1643 3585 7.2 0.46
6.5 389 2135 2909 13.0 0.73
1 - two weeks exposure time, identical development

and fixation condltlons for all autoradiograms
in this table

2 - three microscope fields (3 half fields or two
half fields and one whole field) of cells
counted per chase

3 - total nuclear grains counted

4 - total cytoplasmic grains counted:
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“from threé‘microsgope'fieldé'(wholés and halves) per chase. _jh,
figurelzob an_autofadiogfam:of a chase. freeze-dried after’ 0.75
hour éhows ‘silver grains mainly in the cytoplasm.A Figure 20c,
_an-autoradiogtém of a 6.5 hour chase has-é high propdftioﬁ' §f
cells with predominantiy nuclear fgrains. bThis is ‘furthe;
eviaénce ﬁﬂat the -radioactive ‘steroid was translocated from
lcytopiasm“‘ to ‘"n0cleus énd -that Vradiéactivity.~becamefamore'

concentrated in the nucleus with time.

'TABLE XX. STEROID COMPETITION IN ROSE CELLS.

: Steroid? Cells? Total® Grains % Drop
‘Method' Added Counted Grains | Per Cell In Grains
ethanol none 298 | 10,030 33.7 0
fixed E, 333 6,696 20.1 40.3

: Prog 307 8,427 27.5 1 18.6
live- none 393 7,339 18.6 0
labelled E, 349 2,679 7.7 58.6

prog 351 3,507 10.0 46.2
1 - three weeks exposure. Data represent two separate

experiments. Developing and fixation times were
constant for each experment-.

2 - Radioinert steroids, estradiol (E,) or progesterone
were added at 2 wg/ml (600x concentration of 3H-E,
used for labelling).

3 - Three half microscope fields (at x25) of similar sized
cells were counted for each treatment and control.

All nine fields in each experiment (ethanol fixed or
live-labelled) were as similar as possible.

4 - These data are corrected for background due to binding
of 3H-E, to serum proteins bound to coverslips.

Grains were counted for half fields of cell-free areas
of coverslips and an average background value
subtracted from counts for half fields containing
cells.
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Table XX summarizes the results of steroid competition

experiments in which ‘radioinert steroids were included with

tr1t1ated estradlol 1n the labelling of ROSE cell cultures. - In

. all treatments evaluated in this table 51m11ar flelds of. s1m11ar:'
s1zed cells were counted. This was essential since, as shown '

previoﬁsly,:the number_of grains per cell varies with cell area.

In ethanol f1xed cultures labelled with tritiated estradiol’
in PBS and washed with PBS . contalnlng 2 ug of radlolnert
estradiol per ml, the number of grains per Celllwas 4D.3%‘lower
than for control cells washed only in PBS. If the PBS contained
prcgesterone the drop was_18,6%,4 significantly different from
both <controls and the estradiol treated cultures. From these
data it appears that estrogen affinity in ethanol fixed ROSE
cells is composed of ‘a specific affinity: for estrogen

(estradiol) and a non-specific affinity for other steroids.

In live-labelled cells in which the labelling medium
contained both radiocactive and radioinert estradiol the number
of grains dropped by 59.3% from control level. However, the
addition of 2 wg/ml of progesterone to the labelling medium
caused a drop‘in grain count of 46.2% from control level. - Both
treatments result in large, significant drops from control
level, and the two treatment results were somewhat ~less, but
still significantly, different from each other. This result
suggests that progesterone might act on 1living ROSE cells to
reduce estrogen affinity. In retrospect, progesterone was not a

good choice of steroid to show non-competition- with radioactive
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. estradiol.

7. CONTINUOUS CELL LINES ROSE-199 AND ROSE-239

In the course of experiments performed to determine the
life span of ROSE ‘cells, two continuous lines arose, namely '
ROSE-199 and ROSE-239.

‘a) ROSE-199

Continuous cell 1line ROSE-199 had ‘a morphology ‘in
'subconfluent culture indistinguishable from ﬁhat of pure, first _
passage ROSE cells (Figure 22a). In cultures after the 19th
passage, crowded cultures formed ridged strucfures.(Figure>22b).
Crowdéd cultures also produced large numbers of floating cells
in singles and clﬁmps. These floating cells were  readily
cultured when transferred to_frésh culture veSsels, and had ROSE
morphology. In Figure 23 the cell densities reached af each
passage are graphed. Passages 2 to 6 were' not counted at
suchlture, Passage 1 cultures were in three 16 mm wells which
were pooled on subculture and seeded into four 35 mm dishes, a
dilution of 1:6. Passages 2 to 18 were subcultured at
approximately weekly intervals at 1:2 dilutions. At passage 19,
three dishes were subcultured to four 25 cm? flasks, a dilution
of 1:3. Passages 20 to 35 were subcultured at weekly intervals
at 1:2 dilution. Cell densities graphed were those reached at
the time of subculture. At passage 20 the cell density began to
rise sharply. After reaching a peak of over 400,000 cells/cm?

the cell density began to fall gradually. This 1line of cells
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FIGURE 22: CULTURE MORPHOLOGY OF ROSE-198 CELLS

22a. A 3-day-old subconfluent culture of ROSE-199 cells at
the 30th passage. Note the mitotic figures and the
distinctive morphology of the small colonies. These cells
have the morphology of ROSE cells at first passage.
Toluidine blue. x160.

22b. A 30-day-old culture of ROSE-199 cells (30th passage)
which has formed complex ridged and multilayered structures.
Note the mitotic figures still present in this crowded
culture. Cultures such as this one exfoliate viable cells
into the culture medium. Toluidine blue. x160.

22c. A plastic section of a floating sheet of ROSE-199
cells at the 20th passage. This culture was six weeks old.
Note the papillary structures and areas of cellular
stratification. The thick acellular layer separating the
two layers of cells is composed almost entirely of collagen
fibres (see Figure 25). Note the resemblance of structures
in this section to those seen in Figure 22d. Toluidine
blue. x300.

22d. A paraffin section of a human ovarian tumour
classified as a serous papillary cystadenoma of borderline
malignancy. Micrograph of a clinical specimen provided by
Dr. P. B. Clement, Department of Pathology, Vancouver
General Hospital. H. and E. . x360.
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was frbzénsevery StHApassage from the 21st to the 36th passége.
By the 36th passage - over 55 population doublings had. been

achieved.

In order'tb'determine=saturation densitiéélreached by ROSE-"
199 _pélls, ‘culturés at the 25th paSsage were‘set,up'atb10,000
cells/cmzvin_35 mm dishes.in both jO%‘FBS/WM (Figure . -24a) aﬁd
25% FBS/WM (Figuré 245). Both cufveé had a lag beriod'of'S‘days_
-followed  by a rapid increase in cell numbers befween days 5 and
10. From day 10 anard.cultures. were confluent and. producedt
ridges and floating cells. The 10% FBS/WM series exhibited a
short period of stationary growth (days 10 to 14)vfbllowed by  a
second sharp rise to approximately double the ceil number. A
seemingly permanent stationary growth period was reached which
lasted three weeks. iThese cultures exhibited many mitotic
figures and floating cells however. The 25% FBs/WM curve was
not as regular but reached a cell density at the end of the
series very close to .that of the 10% series (144,000 cells/cm?
compared with 170,000). These-densities: represent:- 4-population
doublihgs from seeding densities. These cell densities were
much 1lower than those‘ reached for passages 24 to 26 grown in

flasks (approximately 300,000 cells/cm?).

Cultures of ROSE-199 cells at the 20th and iater passages,
if allowed to age 2 to 4 weeks after confluence was attained,
developed ridged structures and appeared multiléyered when
viewed with an invérted~mf¢roSCDpeu Inm such a culture the'cell

sheet floated off the growth surface. This sheet was embedded



143

FIGURE 24: GROWTH CURVES FOR ROSE-199 CELLS AT 25th PASSAGE
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~in  epon .and_ séctioned perpendicular . to the cell layers. In
thick epon'séctions sﬁained with;toluidine_blue and ekamined by
'iight microchpy, the-sheét-§f cells.was seen to be composed of.
two cell léyefé separatedgby a 'thiék acellular. layéf: (Figufe
22c). .One léyer» was Simple'andvcomppsediof flatténed cells.
~The other léyer wés .strafified'lin_-piaces,_‘formiﬁgi papiiléry
. structures. This :second, layer wés.composed’qfvcells rangihg-
from sdﬁambus to low éolumnar in shape. The histology of the
papiliary layer' resembleS-'that seen in human ovarian serous
papillary cystadeﬁomaé of borderline malignanéy (Figuré 22d)

(Czernobilsky, 1977; Russell.and Merkur, 1979).

When these cell layers were examined by electron microscopy .

both cell layers had intercellular junctions resembling

junctional complexes. The thick acellular layer was full of

‘coarse fibres of collagen showing cross striations typical of
connective tissue collagen (Figure 25). Nuclei were frequently

irregular in shape.

Cells of line ROSE-199 at passages 18, 19 and 25 were used
as negative controls for tumourigenesis for virally transformed
lines. Of the 12 rats 1injected either subcutaneously or
intraperitoneally with ROSE-199 cells (3-5x10¢ cells per
injection) only one subcutaneousiy injected animal developed a
tumour at the injection site. The histology of this tumour,
discovered 11 months after injection, is shown in Figure 17a.
It was extremely fibrous and hard with scattered cells and cell

clusters. Histopathologically this tumour resembled a low grade
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FIGURE 25: ULTRASTRUCTURE OF MULTILAYERED STRUCTURES FORMED
BY ROSE-199 CELLS IN VITRO

25a. An electron micrograph of a multilayered structure
formed in a 6-week-0ld culture of ROSE-199 cells at the 20th
passage. Note the intercellular junctions between cells of
both cell sheets (4). Note the complex interdigitation of
cells in the upper part of the micrograph and the large
bizarrely shaped nucleus in the bottom. Note also the Golgi
complexes, numerous vesicles, abundant intercellular
collagen, and the lack of basal lamina. x15,600.

25b. An electron micrograph of another region of the
structure seen in Figure 25a. Note the complex
intercellular junction resembling junctional complexes
typical of epithelial cells, along with abundant
intercellular, striated collagen fibres typical of stromal
cells. x15,600.

25c. A higher magnification of Figure 25b showing details
of the intercellular junction. x42,000.

25d. Collagen fibres in the space between the two cellular
layers. x34,000.

25e. Cytoplasmic organelles. x60,000.
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fibrosarcoma or- tumour of mesothelial‘origin (Dalton et al., |
1979).

b) ROSE-239

Continuous cell line ROSE-239 arose  from primary‘}ROSE
cultures set upﬁin‘10% FBS/WM”and subcultured only inuthis serum
 concént;ati6n; - Thé,‘morbhology' of - ROSE-239 ceil\éultufeé:yas
indistinguishable fbom'that of firsf passaQe ROSEv‘cells.' Cell
densitiés for~ thisbline at cértain.passages are given ih Table

XXI. Cultures were grown in 35 mm dishes after the first.

TABLE XXI. CELL DENSITIES OF ROSE-239

CULTURES
Passage' Cell Density? (cells/cm?)
1 34,000
3 38,500
5 . 41,300
7 61,300 °
8 117,000
9 : 129,000
12 11:5+.000-
15 125,000
20 130,000

1 - passage 1 was grown in 16 mm wells.
Passages 2-22 were grown in 35 mm dishes.
Dilution at subculture was 1 to 2 except
for passage 2 where dilution was 1 to 2.5.

2 - densities were determined from cell counts
at the time of subculture. '

passage, and subcultured at weekly intervals with a 1 to 2
dilution. Cell densities became® fairly constant® at 115,000~

130,000 cells/cm? after the 7th passage. In some cultures
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allowed to age for = 6 weeks -a small amount 'Qf"ridging was
"noticed, but there was no sign of multilayering of cells. This

line was frozen at the 16th and 22nd passages.
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~ CHAPTER IV. DISCUSSION

1. IDENTIFICATION OF RAT OVARIAN SURFACE EPITHELIAL CELLS

IN CULTURE

The first and most essential phase = of this ‘project;-was
confirmation of the 1identity of the rat ovarian surface

epithelium in culture. -

Morphologically, cultured ROSE cells differed from other
cultured ovarian cell types portrayed in the literature,‘
‘Granulosa cells from preovulatory follicles, rat (Fischer and
Kahn, 1972), equine, human (Channing, 196%9a,b) and porcine
(Stadnicka, 1976) grow as epithelioid sheets of cells which
luteinized after 3 to 4 days in culture, that is, they undergo
hypertrophy and acquire many 1lipid droplets and A5-3g-HSDH
activity. = The morphology of cultured ROSE cells was obviously
distinct from that of <cells 1in these reports and of rat
granulosa cells grown 1in this laboratory by a modification of
the method of Redmond (1970) (Figure 2). Cultured ROSE"cells
showed no tendency to luteinize in culture. According to
Channing granulosa cells from small follicles grow as stellate
fibroblast-like colonies without evidence of 1luteinization.
Luteal cells grow as large epithelioid cells with abundant lipid
in the cytoplasm (Gospodarowicz and Gospodarowicz, 1972b;

Stadnicka, 1977), a morphology quite distinct from that of ROSE
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cells. Other cultured cellftypes grow'only' ésv fibroblast-like
céils;' namely yfhecal AL(Channingq 1969a,b;_ Stadnicka. and.
Stokloso&a," 1976; HStadnioka,' 1977)«fand stromalo' (Channing,r
1969a,b); _ ahdr ohencof:bore:‘ﬁo resehblance 'to: tho' order1y 
'épithelioid morphology ofvoulﬁured ROSE.oells. oLong; in 1940,
koléimod u£o7 have cultufed‘>the' mouse ﬁgerﬁinal“ jépithélium.
Colturés.depicted'in Long's papér strongly resemble ROSE 'oellé.
- These cellé ‘were - most likely mouse ovariantsurface/epithelial
~cells; Howevéf, Long supports his claim,that.the cells were of
"undoubted" -gorminal .epithelial origio by the presénoe’ of
oocytes in the cultures. 1In a very brief 1952 report containing
no micrographs Scott described the growth. of sheets of
‘epithelial .cells from pieces of rat ovary. Shé made no attempt

to identify the cells even tentatively.

Some of the most convincihg_ evidence. presented 1in- the
identification of cultured ROSE cells were sections of ovarian
explants and cellular outgrowths showing the surface epithelium
of - the ovarian:expianb-continuousmw¢th-the~SMp£ace:celﬂsrof'the?o
outgrowth. In regions near the explant fibroblast-like" celis
underlaid the surface cells, but at gréater oistances the
outgrowth became a monolayer of surface cells only_(Figure 5d).
The fact that outgrowths of ROSE cells ringed the explant also
supports the claim of their surface epithelial origin.- This
growth pattern would exclude the possibility that these sheets
of ceils might be vascular endothelial in origin. Cultured
vascular endotheiial cells have a morphology similar to that of

ROSE cells (Gimbrone, 1976).
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Histochemiéally,.with'respect_to activify_'of the . enzymes
A5-38—-HSDH -and 173—HSDH, the‘surfaCe_epitheliumfof the‘rét-é?ary
is distinct from  §the£ ovarian .cell; types bothvin_crYOstat
section and 'in.culture. Ratfovariah;éufface' epiﬁhelium vtested 
negative' for.A5—3p4HSDH acfiQity éhd positiveffqrf17p-HSDH_both
in cuitufe- and ip<'frozén sectioné. .fAs reportéd- in-  the
Aliteratufe,, tultured ‘granulosa, luteal and thecal cells are
ﬁistochemically positive for A5-3pg-HSDH (Fiécher et ~al., 1972;
Gospodaroﬁicz et al;, 1972; Stadnicka. et al., 1976). In
cryostat sections corpora lutea, theca interna and interstitial
cells are histochemically positive. ﬁor - u5-38-HSDH in many
spécies including the rat,(Adams and Auersperg, 1981a; Baillie,
1966; Bjersing, 1967; Davies et al., 1966; Deane et al., 1962;
Le&y‘et al., 1959). 'Cultured.granulosavand - thecal cells have
been reported positive for 17g-HSDH (Fischer and Kahn, 1972;
Stadnicka, 1976, 1977). In cryostat sections the "surface
epithelium of ovaries of rat and rabbit (Baillie, 1966), mouse
(Hart et al., 1966) and human (Blaustein and Lee, 1979) was
shown to be positive for -17sg-HSDH with the rest of the ovary
generally negative. Davies (1966) and Pearson (1959) claimed

that the entire ovary was negativé for this enzyme.

The ovarian surface epithelium in situ has been examined
ultrastructurally for several species, mouse, rat, rabbit,
hamster and human ‘(Anaerson et al., 1976; Blaustein and Lee,
1979; Donaldson, 1976; Papadaki ;nd Beilby, 1971; Weakley, 1969;

Wischnitzer, 1965). From these reports the ovarian surface
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epithelium in situ is seeen to be a simple epitheliﬁm resting on
a well defined basal lamina with cellstangingvfrbmisq@amqus‘toy'
low columnar iﬁ.shape; Cells arevjoined with apical junctional
. compiexes consisting of focal tight junctibns; gap junction$ and
.deSmosomes with' plications of the latera1 membranes below the
junctionalycom?léx.* Apical surfaces are covered with numerpus‘
. microvilii ‘and occasionélly_ an isolated.éilium.x All7surfa¢es
show marked endocytiC'énd exocytic behavior_with numerous coated
and uncoated vesicles. - Interhally cells have large irregular
nuclei, many mitochondria with lamellar cristae, perinuélear
microfilaments, abundant RE?, large‘Golgi complexes, énd some
lipid. The ultraStructural picture of cultured cells claimed to
‘be of rat ovarian surface epithelial origin is consistent with
published characteristics of the ovarian surface epithelium in
situ. .. No otﬁer ovarian cell type has beén_ reported as
exhibiting tight junctions, although endothelial cells might be
expected to be so Jjoined. Granulosa cells are joined by gap
junctions and desmosomes with no observed tight junctions

(Albertini and Anderson, 1974). Luteal cells 1 vivo have

charagteristics typical of steroid-secreting cells, namely
mitochondria with tubular cristae, abundant smooth endoplasmic
reticulum and much lipid (McKerns, 1969). There are no reports
on the wultrastructure of cultured luteal cells. Cultured ROSE
cells are ultrastructurally distinguished from granulosa and
luteal cells by the presence of tight junctions and the absence

of mitochondria with tubular cristae.

Hence it - has been demonstrated by morphological,
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histochemical and ultrastrudtural means that the cultured cells
:named ROSE cells are in faCt -ovarian surface. épjtheliaL;*im

origin.

2. A COMPARISON OF GROWTH CURVES FOR DIFFERENT OVARIAN

CULTURES

In the course of this study four ﬁypes'of non—&irus—
“infected ovarian_ cell cultures were analysedv for- ° growth
characteristics. The rculfure types weré mixeé cell cultures
| from whole ovary, ovarian cell line 125 (a continuous line from
mixed cell cultures), Vfirst passage ROSE.cells and ROSE 199

cells (a continuous line of ROSE cell origin).

The two growthicurves féf mixed cell cultﬁresi -although
seeded at the same cell density,.had‘widely different slopes in
the growth portion of the curves, and reached densities at
stationary growth differing by a factor of two. This lack of
reproducibility was likely due to -  the heterogeneity‘ of cell
populations for these cultures. Growth curves for ovarian line
125 were very similar to each other, probably reflecting the
homogeneity of the cell populatibn of this line. Although the
rate of growth for line 125 was approximately three times that
for the first passage cultures, the cell density reached at
stationary growth was similar to the higher density reached by

the first passage mixed cultures (26-28,000 cells/cm?).

Growth curves determined for first passage ROSE cell
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cultures demonstratedvthat the rate of growth and cell density

at stationary growth*depend on seeding,density.and_agg of cells

in primary culture at -the time of subculture. ° The ‘highest

densities ‘reached for these cultures were similar to those for

mixed cell cultﬁres ahd line 125."All~three culture types so

 far discussed grew as cellular monolayers. There are no reports

of ‘cell densities ‘attaihed by other 'oQa:ianv,cell fypes in
culture., Under similar culture conditions muscle-' fascia
fibroblasts from adﬁlt male Fischer rats reached densities of
45-50,000 cells/cm?, and adrenocortical cultures  reached

densities of 40,000 cells/cm? (Slavinski et al., 1974).

Differing greatly from the above three culture types were

cells of the line ROSE 199.  These cells grew_'ésA multiiayered

~structures after two to four weeks in culture, and even very

crowded cultures had mitotic figures. Such cultufes produced
many exfoliated viable cells. Cells of the 25th passage, after
a lag of fivé'days, grew at a rate over seven times the highest
rate attained by first passage: ROSE::cells. At stationary: growth:-
these cells reached densities more thén five times those reached
by the other non-virus-infected ovarian culturé types. Cell
densities reached by < ROSE 199 celis were similar to those
reached by KiMSV-transformed ovarian cell cultures (200,000
cells/cm?) and by KiMSV-transformed adrenocortical cells

(Auersperg et al., 1977).

This discussion serves  to  bring these disparate

observations together for the sake of comparison. It is
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‘diffiéult to ‘draw - any,conclﬁsioné from them other than to say
 that cell densities reached by first. paésage_ ovarian cultufes
vere similar to those reached‘by cher early passage rat cells
in culﬁure, ahd that densities reached by ROSE '199 ‘cells were

commensurate with those of KiMSV-transformed ceilsf,

3. FURTHER CHARACTERI ZATION QEVCULTURED ROSE CELLS.

Certain aspects of the behavior of the ovarian surface

epithelium, both in vivo;invthe.literature and in vitro in this
study, suggest ’thaf it.is an,estrogeh target tissue. AsAearly
as 1942 it was noted that estrone, direétly applied (injected
into. the ovariaﬁ bursal spacé) to the rat ovary caused a great
inc;ease in mitoses in the ovarian_surfacevepithelium (Stein and
Allen, 1942). vThe same researchers noted én increase 'in
mitoses, .24 hours after ovulation; in the ovarian surface
epithelium adjacent to the ovulation site. They speculated that
this local stimulation was due to the liquor folliculi bathing
the ovarian surface éfter'ovulationa- Such~armitetic increase:-
could also be due to a wound healing response independent of
estrogen 1influence. Certainly ﬁhe rapid and abundant outgrowth
of ROSE cells from ovarian explants noted in my study suggests a
healing response. However, the rate and amount of outgrowth
varied with the batch of fetal bovine serum (FBS) used. Batches
of commercial FBS do differ greatly withA respect to
concentration of estrogens and other steroids (Esber et al.,
1973). These sera are such complex, irreproducible mixtures of

biological molecules that it would be difficult to pinpoint
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precise factors responsible'vfor this difference in gfdwth:of:
ROSE ' cells. In this studyj‘Sigﬁificant AincréaSeé in 4the1
prqportion of mitotié figufes and'binucleate cellé were noted in..
- ROSE cultures grown in:hediuﬁ“éﬁbplementéa‘with'estfadiol.i Iﬁ;
woﬁld,seem from the literatdre and this p:ojéct. that ,éstrogens

-; do have a;mitogenic effect on.ovarian sufface;epithelial Cells.p'_

The ovarian surface eﬁitﬁelium -exhibits>173—HSDH-enzymé1 '
’activity“in sé&eral‘ species, .including' rat‘_and _humén;'.as
previouély noted, and is present in cultured ROSE cells.  This
enzyme, which 1is in fact an oxidbreductase, catalysés the
interconversion between_estradiol (Ez) and estrone (EJ) és-well
as that between testosterone and androsﬁenédione.' Biochemical
determinations done on cultured ROSE cells 1confirmed the
presence of 17a—HSDﬁ activity - in these cells, but  did not
exclude the reverse reaction. Which reaction is preferred in
cultured ROSE cells could be determined by the wuse of double
labelling (for example, '%“C-E, and *H-E,;) on cells cultured in

estrogen free medium.

The enzyme 17g-hydroxysteroid oxidoreductase is frequently
found .in estrogen target tissues, for example the uterus of.
several species (Eiletz ét al., 1980; Gurpide and Marks, 1981;
King et al., 1981; Kreitmann et al., 1979; Wahawisan et al.,
1980), normal and neoplastic human mammary‘gland (Pollow et al.,
1977), placenta (Bitar, 1979; Strickler, 1980), and neural
tissue (Reddy, 1979). In uterus the highest level of 17g~HSDH"

is found - histochemically in the epithelium of the 1luminal
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endometrium' and glahds; and'to*a much less exténtuin thelstfoma
and smooth mﬁécle (Patinawin et _al.,‘ 1980). 1 In ali species,'
'reported ‘above  eicept-rat.(Wahawisan et al., 1980) the uterine
enzyme:préfefentiélly converted'Ez‘ﬁo'E,;-and.its activity was
‘increaséd' by;vprogééteroné or artificial progéstins.-’Injneufal
‘tissue. the p?eféreﬁtial direction wésl,E{ to E,. . Thué  1734 
oxidoreduétase: appears to regulate‘estrogen'metabolism.. When
_acting‘as  é::dehydrogenaseﬁ (dxidizing .agentf“Eé to .E;>1'it
decreases thé effect of estrogens, but Qhen aéting as .a
reductase (E; to E;) it iﬁcreases the estrogenic effeét, since
estradiol '1is the most potent Qf the natural estrogens. It is
interesting to .noté ‘that 'neoplastic’ breast tissue has al
generally lower 17g-HSDH activity than does normal breast
tissue. Thus neoplastic breast tissue is perhaps more

susceptible to estrogenic stimulation than is normal tissue.

' The ovarian surface epithelium is derived from the coelomic
epithelium and arises very near the site of invagination of the
Mullerian Duct. The epithelia of Mullerian Duct.'derivatives~A
(oviduct, endometrium, cervix) are all estrogen target tissues,
with oviduct and endometrial epithelia reported positivé‘ fof
17g-HSDH activity. Most of the ovarian cancers generally
thouéht to be derived from the ovarian surface epithelium
exhibit hiétologic and secretory characteristics of the
Mullerian Duct-derived tissues. There 1s no report of any
attempts to determine 17g-HSDH activity in any ovarian tumours.
This enzyme has been histochemically detected in frozen sections

of human ovarian surface epithelium but not in the peritoneal
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mesothelium (Blaustein and .Leeg "1979). This reéult has been
confirmed in this sfudy:fof cultured ROSE cells and péritoneal
» cells.‘>;Histochemical vexaminatioﬂ for this. ehzyme, of célls‘
exfoliated'info‘the peritdneai éaviff might wéll detéct« ovariaﬁ
~surface. epifhelialv.gells. ~Such a test could proyide<§aluable 
cytologicai _inf6rmatioﬁ tdward‘ eafly detéction of = ovarian -
éahder. Until nOW’cytblbgical e#amination of_peritoheal fluids,
.using conventiohél morphologiqal markers, ﬁas détected'caseé of
advanced ovarian éancer, but has failed as a écreening test for

early cases (Jones et al;} 1981 Bush, 1979; Graham, 1968).

By autoradiographic means I .havé produced evidence . that
cultured ROSE éells ekhibit estrogen receptor-like acti?ity.
This ,evidencé‘ consists of data indicating' translocatibn of
tritiated estradiol from cytoplasm to nucleu$ in live'cells; and
competition of radioinert estradiol'ﬁith tritiated.estradiol for
estrogen binding siﬁés,in ROSE cells. These results support the
hypothesis that the ovarian surface epithelium 1is an estrogen

a

target tissue.

Biochemical analyses of homogenétes of ROSE cells would
have to be done to determine other characteristics of their
putative estrogen receptors. Such characteristics include
sedimentation constant, Stokes radius, molecular weight,
concentration in the cytoplasm, and binding constant. These
characteristics have been well documented for estrogen target
‘tissues such as uterus and” mammary- gland (Rochefort et al.,

1980; Puca, 1970). Such determinations would require about one
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gram of tissue, that Vis about. one billionAcells,_or'25,000
primafy ROSE cultures. Alternatively a continuous lihe;sucb és.’
ROSE-199 could be used, but the amount of tissue culturing

" required would still be very great.

: Estrogeh'fecéptérs as well as receptofs for othef:,steroids
(progésterone,.androgens,:glucocbrticdids) have been detecﬁed in
homogenates of .whdle ovary and of ovafian ¢ahcers_derivéd fromg.
the surface epithelium (Galli et al., 198f;- Hamilton et al.,-
1981; Holt et al., 1981; Jahne et al., 1980; Jacobs et al.,

1980) .

Priqr to this study there had been no report bf:iestrbgen
receptor-like -activity in the normal oyafian surface epithelial
cells (Adams and Auersperg, 1981b). It seems likely that the
.ovarian surface epithelium is an estrogen target tiséue; This
claim is supported by experiments showing that éstradiol has a
mitogenic’ efféct on cultured ROSE cells, that ROSE cells have
178-HSDH activity, and that these cells havé estrogen receptor-

like activity.

~ An interesting observation arose from steroid competition
autoradiographic experiments on live ROSE cells incubated with
3H-E, and radioinert progesterone. There was a very marked drop
in labelling similar to that occuring when radioinert estradiol
was used. It has been stated that progesterone has no affinity
for the estrogen receptor (Rochefort et al., 1980). Another

report indicates that progesterone acts on rat uterus in vivo to

reduce the affinity of estrogen target tissues for estrogens
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(Okuiicz et 'al,; 1981). ‘ This. antiestfogenic feffecﬁ ‘of 
progesterone -is not thoﬁght‘td invqive éompetitipn&- Thev'effect "
seems ,to  be a prbgesteronefinduéea¥vlossvof nuqlear estrogen
| récéptors "whi§h' bccufs,-rapidly"(withiﬁ four hoﬁrs) vbaftéf
"_admihistrafion. of"thé :sﬁeroid.__Perhaps progestérbne produced
,'its'"pseﬁdo—combefifive" effect 6nAROSE cells in a Similar' wéy. 
This result'5uggests that ROSE cells may bé progeﬁterone'target:
ceils;.‘vAutOradiographiﬁ tests using tritiated progesterone.

could readily be done to investigate this poésibility.

Itv has  been suggeéted. that ovarian cancers of surface
epithelial origin which <contain estrogen receptors might be
susceptible - to - the sort of hormonal therapy currently used for
cancers of the breast and endometrium (Galli .et' al., 1981).
Detection of estrogen receptors, either by autoradiography or
fluorescence labelling (Barrows‘et al., 1980),Acou1d be used . in
cases of ovarian and other, cancers where there is insufficieht
tissue for a biochemical determination. Such techniques could
also be used to follow patients after  surgery-for-signs-of -
recurrence. Autoradiographic detection of estrogen receptors
along with histochemical testing for 17g-HSDH activity has
potential use for the 1identification of ovarian surface
epithelial cells, normal andv neoplastic, 1in the peritoneal
cavity. These markers might, in conjunction with conventional
cytological markers, lead to earlier detection of ovarian

cancer.
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4. AN EVALUATION OF AUTORADIOGRAPHIC TECHNIQUES'

Sections of rat ovary labelled aftef ethanol fixatiOnb and-
examined -autoradiographically‘bfor‘estrogéh-receptérs'according‘
to Uriel's method (Uriel et al., '1973) vere: véry_ heavily.
labelleﬁ in’ most ‘tissues. The stfoma.underlfing the surface ’
epithelium was-the least heavily iabelléd. | By~ autoradiography‘

of tissues labelled in vivo Stumpf detected estrogen reéeptor

activity in granulosa, thecal and luteal cells of rét'ovary with
little labelling of ova and stroma (Stumpf, 1969). -He made no -
mention 'of the status éf the‘surface epithelium. - Sections of.
uterus labelled after ethanol fixation presented a‘ picture of
cell affinity for estrogéns very similar to thbse,done by in
vivo labelling (Jensen et al., 1973; Tchernitchin, 1979), and by-
labelling of ethanol-fixed sections (Uriel et ~al., 1973).
Uriel's metﬁod of in vitro labelling of fixed sections requires
very much less.radioactiQe material than does in vivo labelling,
and far shorter exposure times than those wused by Jensen and
Stumpf. Sections did not ‘lend themselves -as--readily to:analysis:

as did cultured cells.

The autoradiographic preparation of cultured cells labelled
after ethanol fixation was based on Uriel's method for sections.
The method employed for live-labelled cells was new (Adams and
Auersperg, 1981b). Previously reported methods for live-
labelled cells involved either laborious dry mounting techniques
with six months exposure (Weiller et al., 1974, based on Stumpf™

and Roth, 1969), or techniques using 1lipid solvents and epon
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embedding after :labelling (Richter and McGaughey, 1979).. This
latter technique. using iipid'solQents,would leach, out steroids.
The method wused 1in the preeentbstudy:Was technically simple,
‘relafivelyeinexpensive.ahd,fautoradiograpﬁically speaking, qﬁick.-*

(at one to five weeks exposure).

‘:;In;eeiis labelled after, etheﬁdlelfixatien :£he' aﬁount‘bof.
label " taken up was a fﬁnctionyof.the actual number of estrogen'
bihding melecules in the cell. Tritiated estradiol entered both
_ cytoplasmicland nuelear compartments_through membranes damaged
by ethanol fixation. On the other hand, in cells labelled live,
any label reaching ‘the nucleus must have first passed-through
the cyfoplasm. The total uptake of 1label . by live‘ cells
represented. the amount of tritiated steroid left in the cell as
a result of steroid entering and unbound steroid leeving the
b,cell duriﬁg the 1labelling period. When the fwo methods were
compared with respect to grains per cell and ratio of euclear to
cytoplasmic grains, live-labelled cells " had fewer grains per
cell but a significaﬂtiyﬂgreaterfratiomofwnuclearwto cytoplasmic.-
grains. This is gbod evidence that there was translocation. of
label from cytoplasm to nucleus in 1live-labelled cells. The
pulse-chase experiment' and analysis of nuclear to cytoplasmic
ratio versus cell area further reinforced  this interpretation.
In othér target tissues estradiol is retained in the nucleus for
about 24 hours (J. Anderson ef al., 1975). 1If long enough chase
times were wused in this study label would start to leave the

nucleus.
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- In aptoradiographic.studies for,éstrdgen_feceptors.using a
oné hour ig. gigg,,labelling.vperiod‘ siiver ggainsﬁate,mainly
nuclear (Stumpf éfb-al-, '1969)._ In the' present study"live ;
' iabelling_ of: édltured ROSE cells .resulted 'inbpredominantly'.
cytoplaémic gfains; This fesﬁlt probébly.feflects:iﬁhe altered
geémetry  of 'culﬁured'cellsiwhich.are'flatteheaband,méfe spread ..

out in comparison to cells in vivo.

It_‘was ~shown that lfadioinert> estradiol competed  with
tritiated estradiol for estrogeﬁl Binding?sites in both live-
labelled ROSE cells and those labelled after ethanol fixation.
Perhaps é better "competition" could have “been échieved in
ethanol-fixed cells if radioiﬁert and tritiated estradiol were

combined in the lébelling medium.

The methods developed. in this study for autoradiogfaphic
investigation of estrogen affinity in cultured cells have
| considerable potential for the analysis of factors effecting the
transport of steroid receptors to, and their retention in, the

nucleus.

5. DEVELOPMENT OF MODELS FOR OVARIAN CANCER
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‘a) ‘Transformation Of ROSE Cells With Kirsten Murine Sarcoma

Virus

TheArat ovafian surface epithelium wés fairly readily
transforhed in cuthre ‘by the Kirstén. murine sarcoma virus
(KiMSV). Three transformed lines resuitéd from 16 pure ROSE.
cultures infected with thiS*virus.-AOn tfansfo:matioﬁ»ROSEicélls
in all thfee lines fetainea a.differentiated cell marker, hamely
17 g—~HSDH activity,.'and"showed”,a low . level of A5-3g-HSDH
activity. Histologically, tumours of these‘ thfee- lines
resembled endometrioid stromal sarcoma,‘ a rare form of human

ovarian cancer (Kao etval., 1978; Russell,_1979).

All three lines derived froﬁ viral transfofmation_ of pure
ROSE cqltures were "pfoducer" _ceils, that is, they produced
infective virus} Cell linés such as these would be expected to
change with time, subculturing; freezing and regrowing. Over
the ten or so passages undergone by these <cells no striking
change was noted in the morphology of each line. Line V197-10B
did, however, display a negative 17g-HSDH reaction wuntil the
eleventh passage when it tested strongly positive for this
enzyme and less so for A5-3sg-HSDH. There  1is no ready'
explanation for this change. Even cloning of these lines would
not prodﬁce homogeneous populations of cells. A type of in
vitro cellular evolution would produce different variants. It
seems that one cannot dip one's pipette into the same cell line

twice.

Signs exhibited by rats injected intraperitoneally with
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transformed ovarian and peritoneal cells resembled signs seen in
patients.with advanced ovarian cancer, that is, cachexia, bowel
obstruction, laboured breathing (Fuller et al., 1979). These
signs are not specific for cells of ovarian or peritoneal
origin, but are seen also in rats injected intraperitoneally
with KiMSV}transformed adrenécortical cells and other ascites-
producing cells. This clinical picture was caused by widespread

intraperitoneal tumour growth with ascites.

In vivo the Kirst;n virus preferentially transforms cells
of mesodermal origin, producing sarcomas. This virus readily
transformed sferoid-producing cells of adrenocortical origin
after short-term culture. Transformed adrenocortical cells
produced carcinomas, both yell differentiated and anaplastic,
and sarcomas (Auersperg et al., 1981). The mesoderma; origin of
these differentiated cells of the adrenal cortex probably
accounts for their ready transformation by KiMSV, although KiMSV
has . transformed cell lines derived from rat liver (endodermal)
(Rhim et al., 1977). When cultured rat granulosa cells were
infected with KiMSV a low incidence of transiently transformed
cells resulted (Harrison and Auersperg, 1981). It is
interesting to note that, in humans, cancers arising from
granulosa cells are much less frequent (5% to 10%) than those
arising from the surface epithelium (85% to 90%). Perhaps this
large difference in rates of malignant transformation between
these two tissues is reflected in the difference of

susceptibility of these two rat tissues to viral transformation

in vitro.
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| Thei o?ariah surfédél.epithelium.isAOf,mesenchymal.Qriginh
On malignant transformétionn in humans it is claimed, ¢nf
hiStological' evidéncé, thatl-this tiésue vprodﬁces:thé'comméh :
epithelial ovarian céncers, most ofiwhich exhibit histologic ana'
secretory.charadﬁéristicé of :tissuesf ij the ,fallopiah ”tube;
endometrium and cervix (Scully, 19775; Woodfuff aﬁd:Julian,l
1970). This theory for the histogénesis. of these tumours is
supported by the fact thét the ovariéd‘surfacé.epithelium_and
the Mullerian Duct epithelium are both dérived“ from the
embrydnic coelomic epithelium,  and their sites of origin lie
close together in the embryo. Hence it 1is not difficulf to
conceive that, on transformation, this mesenchymally derived, .
multipotent epithelium could express stromal characteristics, in
particular those- of the fsﬁroma of Mullerian‘» Duct-derived
tissues. The, endometrioid stromal sarcoma is included in the
"Common Epithelial Tumburs" category of the World Health
Organization classification of ovarian tumours (Scully, 1977a)
although it is‘generally considered to be derived from 'the
ovarian stroma. In light of the results achieved here, perhaps
the origin of this type of ovarian cancer should be

reconsidered.

There have been no reports describing the ultrastructure of
endometrioid stromal sarcomas of the ovéry. The tumours
pfoduced in this study were difficult to | classify
ultrastructurally because of the heterogeneity of their cellular

composition. ~Cords of oval to elongate cells with extensive
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RER, surrounded by fibrillar extrééellular':matérial, ‘Qere_ in'

keeping with a classification  of sarcoma. '.Such cellé
_pfedominatedjin line V197-10B. . All three iihes, eSpéCially
_ V197—13A and V197-15a, -aiso éontaiﬁéd cells ‘wheré’_the
predominantisER and Golgi»complexes resembled the ultrastructure
.of certain functional carcinomas of steroid secreting _tisshes_
‘(Véléﬁte et al., 1978) . - Perhaps - this ~ultra$tructufe  is-
associated with the histochemically demonstrated ability of

~these -cells »to metabolize certain steroids. Line V197;13A has
filament-associated desmosome-like junctions suggéStive- of  an
epithelial character. On the ultrastructural level ' these

tumours have both sarcomatous and carcinomatous regions.

The results of this study do not indicate that the common
differentiated epithelial ~ovarian cancers can be induced by C-
type retroviruses alone. However, Rapp and_Todaro (1980) have
derived a carcinoma inducing variant of a_>C—type mouse
retrovirus which, when injected intraperitoneally into neonate
Swiss mice, produced a low but significant incidence: (18-in' 530
of ovarian carcinomas resembling those found in humans. Such in
vivo work cannot prove the cell of origin of such tumours. It
would be vefy interesting to infect cultured mouse ovarian
surface epithelial cells with this wvariant virus and test
resulting transformed cells for tumourigenicity. There 1s a
report that human ovarian carcinomas and aaenocarcinomas of
surface epithelial origin contain particulate DNA polymerase’
with properties specific for the reverse transcriptase of C-type

retroviruses (Gerard et al., 1978). These, along with other
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eyidencé~§ﬁ§gestivebof a'viral etiology'(Lingeman; 1974;‘Mpowan
.ét_él., 1979; Menczer et al., 1979Xr urgeuthap the‘ ihVolQement,
of 'viruses ,ih,‘the7:induction ;of\{ovarién cancer,_pefhaps.in
fcdnjunéﬁién' with Aoﬁher carcinogens, sﬁould be ,investigated
further. | | | | |

b.) Continuous Line ROSE-199, A Tumour In Vitro

Conﬁinuoﬁg ' liné‘,ROSE—199 is ﬁperhépg )the sihgle-fmost
interesting result of.this,whole @roject; This line p;oduced,
in a culture flask; complex Vpép;llary structures resembling
ovarian serous'papillafy cystadenomas of borderline 'malignancy
(Czernobiléky, 1977; Ruséell, 1979) (Figure 22). Recall that
primary ovarian cancers of bbrderline'malignancy can metastatize
‘tthughout theiperitqneal cavity but do not invade vﬁnderlying
stroma. The ROSE-199 papillary structures were in one layer of
a complex arrangement consisting of two cellular layers
separated by a thick layer of cbllagen (connecti?e tissue type
by ultrastructural criteria). There was no sign of basement

membrane.

The appearance of ROSE-199 cells was at all times
epithelial with subconflent cultures being indistinguishable
morphologically from .first passage ROSE cultures. As cultures
of ROSE-199 cells became crowded they began to form ridges 'and
to split off viable cells from the growth surface. These

floating cells grew readily when transferred to a fresh culture

vessel, This behavior’ resembles the predominant  mode "of spread -

of ovarian cancers, that is, by seeding into the peritoneal
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 fluid malignant cells which develop into metastatic nodules on =

peritoneal surfaces.

As -contr0151 for the. virally 'transformed 'ROSE 'Zlines;
aliquoté of ROSE-199 cells were injecﬁed into immunbsuppressed
rats eithef_subcﬁténébuSiY?Qr intraperitoneally. A‘tumour §rosév’
~at the. injection site in one s.c. injected .:at. This. tumour, -
accofding to the opinioné of three pathologists, resembled
‘éiﬁher'a low grade fibrosarcoma or a benign tumour of the
pleura._'-These benignvtumours of the pleura are thought' by sdme
to be -mesothelial in . origin, and by others to be .of
submesotheiial origin (Dalton et al., 1979). According to
Goodman (1979) aging female Fischer 344 rats (over’1700 studied)
have a 0.3% chance of spontaneously developing a fibrosarcoma
subcutis, and a 0.2% chance of developing a tumour of
mesothelial origin in any body cavity. The chances of
-developing a mesothelial tumour subcutis would be nil if the
peritoneal cavity was negative for such growth. There 1is the
interesting. possibility that- this tumour:' might have been- of:
ROSE-199 origin. A response of one tumour in twelve rats is not
a convincing sample, but it is suggestive that ROSE-199 cells
might = be marginally tumourigeﬁic. The tumour in vivo is quite’
different from the structures developéd in vitro, although both
contain much collagen. A much larger sample of énimals and
possibly different inocculation methods would have to be used to

provide a definitive answer.

Thus, ROSE-199-cells, derived from the ovarian surface



171

,epithelium; a tissué of epithelial_morphology-but’mesenchymal ‘
origin, maintain their epithelial appeérance,' but, exprgss the
‘stroﬁal _éharacteristics‘bof abundént collagen production. The
| tﬁmour-like'behavior,-boﬁh ﬂistologic aﬁdimetaStétic, that these~
“cells exhibit in vitro reinforces thevhypothesis (Woodruff and
_JUlian;_ 1970; Scully7?f977a) that the-cOmmon.epithelial ﬁumoufs 

of the ovary are derived from the ovarian surface epithelium.

It is generally held that the strbﬁal,component of o&afian_
cancers. -is contributed by the ovarian stroma. Could tumour
stroma of the ¢ommon epithelial ovarian tumours aléo be vderivéd”
from the mulfipotent surface epithelium? This interesting
possibility is supported by the results of this study, namely
the .pfoduction of a stromal sarcoma by.vi:ally transférﬁed
ovarian sﬁrface epithelial cells, and by collagen production by -

a_iine of spontaneodsly transformed surface epithelial cells.

6. CONCLUSION

After much has been said, and some of it done, what

response can be given to the questions raised in the

Introduction?

Are the common epithelial ovarian cancers in humans derived
from the ovarian surface epithelium? This study, although using
cells of rat origin, does indicate that it is the ovarian

surface epithelium which undergoes neoplastic transformation: to
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'produce._thé- common’fepithélial tumours of the ovary;v Cells of

iine ROSE—199,'of ovarian sufface epithéljal, origin, =~ produced. -
sfructures iﬁ, gigggv.resembling' the oVarian;sérOUS-papiiiary‘

cystadenoma of bordefline-malignancy, Virallyv tfanSformed_‘rat
oQarian.'Surface Aepithéliai:.cells produced;_ in fats; tﬁmoﬁrs;
reéembling"the-»endbmetrioid .stromalv-sarcomé; a grare‘ human
ovarian cancer. Both these malignancies are listed as "common -
epithelial'.tumours" in 'the . World Health Orgénization'S'

classification»(of o&arian tumduré. Some would claim that  the
endometrioid stromal éarcoma was never said to be derived from
ovarian  surface epithelium, but was classified With these
tumours for convenience sake. Thus the_answer tb the question

asked is positive, even if qualified.

Whét is it abou£ the ovarian surface.epithelium that makes
it so susceptible to malignant transformation? This is .a very
large question to which are given a few.small answers. This
study has shown that the rat ovarian surface epithelium 1is

susceptible to malignant transformation: by-a-C-type-retrovirus.

Cells of ovarian surface epithelial origin, while retaining
epithelial morphology, can exhibit stromal characteristics such
as abundant collagen production. Perhaps the potential of this
tissue to express both epithelial and stromal characteristics 1is

a contributing factor to its ready neoplastic transformation.

That the ovarian surface epithelium is in fact an estrogen
target tissue seems fairly certain from the evidence presented

“here. That these cells have estrogen receptor-like activity,
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that théy exhibit 17§—HSDH acti&iﬁy, and‘théﬁ they‘ fespond to"
estradiol _by-én‘incfease.iﬁ_mﬁtosiS[has‘beenfshown. zlt-appearsf

that the surface vepithelium of thé‘ Qvary shoﬁld_ likely . be
_considered ‘along.’with. othér estrogen- target tissues«(mammary}
uﬁeriné) which readily'undergo'tranéformation ~and account for_

such large numbers of human'malignancies.

The :availability'“bf cultured ovarian Surfaée epithelial
cells allows the investigaﬁion of thé growth_behaVior, structure
and function of these interesting 'cells. From such - cultures |
have come two markers, namely estrogen réceptors.and 17a—HSbH
activity, with potential for the cytological .idehtification of
ovarian surface epithelial cells exfoliated into the peritoneal
cavity. These markers, .along with others yét to be disoovefed,
might lead to screening tests for ovarian cancer at an early

stage. -

The culture of pure rat ovarian surface epithelium, as
established and investigated in this work, could be feadily used
to study chemical, physical and viral carcinogenesis in this
tissue to develop experimental models of ovarian cancers arising

in the ovarian surface epithelium,
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CHAPTER V. SUMMARY’

In the course of this work I “have. cultured rat -ovarian
surface epithelial (ROSE).cells in pure form, and have confirmed
their -identity- by = histochemical, ‘morphological. and

ultrastructural criterié._r

These cells, both in cryostat Se;tions,and in culture, Qeré
found to be histochemically - positivev forfbthe  eﬁzyme 175—‘
hydroxysteroid = dehydrogenase (17prSDﬁ), an enzyme
.characteristié,of estrogen target tissues. This enzyme activity
was confirmed bioéhemicéliy. 'Cuitured ROSE cells were found to
be histochemically negative for the enzyme -A5-3g-hydroxysteroid
dehydrogenase, an enzyme“characteristic of steroid synthesizing‘
‘tissues. These cells.stained intenseiy for the enzyme lactate
dehydrogenase and had a moderate amount of cytoﬁlasmic iipid .as

shown by oil red O.

Ultrastructurally, cultured ROSE cells were seen to be
epithelial with-apical junctional complexes,. basal lamina and
numerous microvilli, Théy had large nhclei, copious vesicles,
abundant rough endoplasmic reticulum, Golgi‘complexes, oval to
elongate mitochondria with lamellar cristae and bundles of

perinuclear filaments.

By autoradiographic techniques the presence of estrogen
receptor-like activity was demonstrated in cultured ROSE cells
by evidence of translocation of labelled estradiol from

cytoplasm to nucleus, and of estrogen specific binding.
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‘Estfédiol was-shown to be mitogenic for cultured first passage

ROSE cells.” -

o Culturéd ROSE.cellé;were shown to be transformable by;a c-
- type retrQVirus,.‘the. Kirﬁten .mufine éércoma-i virus, = .with
.retention 0£  a  differeﬁtiatedi cell“mafkér,- némely 17 g~HSDH
activity. 'Vira11Y-£fansf9fmed ROSE qells‘ produced ‘tumou:§ .ih‘
immunosuppressed rats.  These tumours'fesémbled the.endometfibid

stromal sarcoma, a rare form of ovarian cancer in humans.

A continuous line of cells arising from pure ROSE cultures
produced histological structures in vitro . resembling patterns

seen in certain ovarian serous tumours of borderline malignancy.

Results of' this study support the theory that.thé common -
epithelial ovarian tumours, comprising over 85% of ovarién
cancers, ariée from tﬁe ovarian'surface epithglium. This system.
of cultured rat ovarian surface epithelial celis could be used
for the further characterization of this tissue, and for the
development of .caréinogenesi5r models* for the-ovarian- surface-

epithelium.
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APPENDIX I. 'SOURCES OF MATERIALS

Except as noted below, materials:were obtained from the .
following sources: ' o -

BDH - BDH Chemicals, Vancouver, Canada
BECTON. - Becton Dickinson, Los Angeles, Ca.

 CORNING" . Corning Glassworks, Corning N. Y.

EMS = - Electron Microscopy Sciences, Fort Wéshington,

S Pa. o - ' ‘
FISHER  Fisher Scientific Company, Fairlawn, N. J.

GIBCO Grand Island Biological Company, Grand Island,

. . N. Y, : .

JBEM J. B. EM Services, Dorval Quebec

KODAK Eastman Kodak, Rochester, N. Y.

LUX ' Lux Scientific, Newbury Park, Ca.

PIERCE Pierce Chemical Co., Rockford, I11l.

SIGMA Sigma Chemical Co., St. Louis, Mo.

STERALOIDS

Steraloids, Wilton, N. H.

Sources of materials are listed under the following headings:
cell culture, histology, histochemistry, electron microscopy,
steroid biochemistry, viral transformation, and autoradiography.

1. CELL CULTURE

ANIMALS - Fischer 344 rats bred at the Zoology Department
vivarium, U. B. C.

ANAESTHETICS

Diethyl ether, anaesthetic grade, Mallinckrodt Inc.
Scientific Products Division, St. Louis, Mo.

Chloroform, BDH
CULTURE WARE

Dishes, (35 mm, disposable plastic), CORNING, LUX, GI'BCO
(Nunc)

Flasks, (disposable plastic),
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25 cm? growth surface, CORNING'
- 75 mm?2 growth surface, Nunc, GIBCO’

Coverslips, 25 mm, c1rcular plastlc for tlssue culture,
Thermanox, LUX

Wells, disposable plastic, trays of 24, 16 mm wells, Linbro
Scientific Co., New Haven Conn. S

GridS;_Stainless steel, triangular, 15 mm, for organ
culture, Falcon Plastics, BECTON :

ENZYMES AND MEDIA FOR CELL DISSOCIATION

Collagenase, lyophilized powder, type I, from Clostridium
histolyticum, SIGMA .

‘Ethylene diamine tetraacetic acid (EDTA) Nutrltlonal
Biochemicals Corp., Cleveland, Ohio

Hanks Balanced Salt Solution (BSS), Ca**, Mg** free, 10X
concentration, GIBCO :

Hyaluronidase, lyophilized powder, type 11, from sheep
testes, SIGMA :

Tfypsin’ in sterile vials of 20 ml 2.5% tryp51n in sallne,
GIBCO

FILTERS FOR FILTER STERILIZATION
Millipore Corp., Bedford, Mass.
For large volumes, pore size 0.22

in assemblies for small-volumeSFISwinneX*m3€filter’units;
pore size 0.22 4 or 0.45 4

GROWTH MEDIUM COMPONENTS

Waymouth medium, MB 752/1, (with L-glutamine, without
sodium blcarbonate) ‘GIBCO

Antibiotics, penicillin/streptomycin, in vials with 4 ml
agueous solution, 25,000 I.U. Penicillin G per ml and
25,000 wg streptomycin per ml, Microbiological
Associates, Walkersville, Md. :

Serum, Fetal Bovine Serum (FBS), mycoplasma tested and
virus screened, GIBCO

Sodium bicarbonate, certified ACS, powder, FISHER

2 HISTOLOGY
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' Eﬁhanol, FISHER
‘ForméidehYde, 37% éolution,,FISHER
' Phosphates for buffer, NaH,PO,.H;0 ano NazHP05;7H20; FISHER
Eosin,ocertified bfologioal stain, FISHER

Toluidine Blue-O,_certified biological stain, FISHER

3. HISTOCHEMISTRY
Aqueous mountlng medlum
Farrant's, BDH, Poole, England

Agquamount, kindly prov1ded by the Zoology hlstology
. laboratory (U. B. C)

Haemotoxylin, FISHER
_Nicotinamide, KODAK:
8- N1cot1nam1de adenlne dlnucleotlde (3 NAD) grade III,
SIGMA . _
Nitro Blue Tétrazoliﬁm, grade III, SIGMA
N,N-dimethyl formamide, FISHER
0il Red O, SIGMA |
Safranin O, certified biological stain,.FISHER

Steroids, dehydroepiandrosterone, estradiol, testosterone,
STERALOIDS”

4. ELECTRON MICROSCOPY

FIXATIVES

Glutaraldehyde, 10 ml ampules, 25% aqueous glutaraldehyde,
JBEM

Osmium tetroxide, 5 ml ampules, 4% aqueous 0s0O,, JBEM

EMBEDDING MATERIALS
Epon 812 resin, #JBS-030, JBEM
Dodecenyl succinic anhydride . (DDSA?), EMS’

Nadic methyl anhydride (NMA), EMS
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2,4,6- tr1(dlmethylamlnomethyl)phenol (DMP) , "FISHER -
SOLUTES FOR BUFFER SOLUTIONS - o
Glucose, FISHER o
Sodlum hydrox1de, FISHER_
NaH POa.H O, FISHER
.STAINS
Lead c1trate, Polysc1énces Iné.; Warrlngtén, Pa.
Uranyl acetate, Polysc1en;es Inc.
HARDWARE | |
Grids, coppér; 200 mesh Pelco, Ted Pella inc;,,Tustin; Ca.

Knives Gléss (25%6.35x400 mm pieces), LKB Produkter-AB,
Sweden

Diamond, Dupont Canada 1ltd., Vancouver, Canada

| 5 STEROID BIOCHEMISTRY

CHROMATOGRAPHY SUPPLIES
A) GAS LIQUID CHROMATOGRAPHY (GLC)
Column packing

Chromosorb, W(HP), column packing, 100/120 mesh,
‘PIERCE

OV225 liquid phase for estrogen determinations, PIERCE
3% Densil 200, on chromosorb. W(HP) in 2 ft column, for
progesterone determination, Western
Chromatography Supplies, New Westminster, B.C.

Chemicals

BSTFA (N,0-Bis(trimethyl silyl)-trifluoro acetamide)
in 1 gm ampules, PIERCE

Pyridine, silylation grade in 50 ml hypovials, PIERCE
Reacti vials, (0.3 ml and 1.0 ml), thick-walled glass with
conical interior, teflon-lined caps) to carry out"

silylation reaction, PIERCE

B) PAPER AND THIN LAYER CHROMATOGRAPHY
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Chrbmatography paper, 46x57 cm Whatman #1 VWR,SCientific
Inc., Seattle, Wash

TLC plates 5111ca gel without fonrescent”indicatdr;AKODAK-
Phase~separat10n paper, Whatman PS, VWR Sc1ent1f1c Inc.

Scintillator, Omnifluor New England Nuclear ~Boston Mass{'

SOLVENTS, (all glass dlstllled by suppller1 or in. thls

-laboratoryz)

AcetOne.,»BDH

Benzene'!, FISHER:

Chloroform', BDH

Ethanol?, FISHER o , o -
Ethyl acetate?, Baker Chemical Co., Phillipsburg, N.J.
Hexane', BDH :

Ligroine', KODAK

Methylene dichloride', BDH

Toluene, 'spectranalysed', FISHER'

STEROIDS

a) radiocactive, NewﬂEngland Nuclear, Boston, Mass.

'4c-estradiol, 57 mCi/m mol purchaSed-in,0.0S mCi lots
- (0.24 mg in 2.5 ml benzene/ethanol 9:1), prepared
from 19-Nortestosterone acetate _

'4c-pregnenolone, 55.7 mCi/m mol, purchased in
0.05 mCi lots (0.28 mg in 2.5 ml benzene/ethanol
9:1), prepared from '*C-progesterone

b) radioinert

All radioinert steroids used in this study, STERALOIDS

X-RAY AUTORADIOGRAPHY SUPPLIES

X-ray film, Kodak, high speed, no screen 14"x17", NSS5T,
KODAK ' :

Developer, Kodak ligquid X-ray developer, KODAK
Fixer, Kodak rapid fixer, KODAK
Safe light, Kodak Wratten Series 6B, KODAK

VIRAL TRANSFORMATION

KIRSTEN MURINE SARCOMA VIRUS (KiMSV)

Harvested from supernatant media from KiMSV transformed rat
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k1dney cell llne NRK 58967 originally obtained from -

V. Klement (Roy-Burman and Klement 1975) . ‘
NORMAL RAT KIDNEY (NRK) CELLS

A continuous llne of cells derived from rat kldney,
obtained from V. Klement. (Duc-Nguyen et al, 1966)

.ZLF .AUTORADIOGRAPHY

Emu151on .Kodak NTB-3, Nuclear Track»Emulsion; KODAK
Developer, Kodak D19, KODAK
Fixer, Kodak, KODAK

Grid, for microscope eyepiece, Graticules Ltd., Tonbridge,
Kent, England

Microscope slides, Clay Adams Div., BECTON
Safe light, Wratten O.C series, KODAK

'Slide mailer tubes,' .5x3x8 cm, plastic, Evergreen
Plastics, Hong Kong

Tissue culture coverslips, (plastic, .25 mm), Thermanox, LUX-

Tritiated estradiol, 2,4,6,7-°H-estradiol, 101.7 Ci/m mol,
New England Nuclear, Boston, Mass.
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APPENDIX II. PREPARATION OF SOLUTIONS -

This =~ appendix . contains preparation - procedures ‘and
dlrectlons for the follow1ng ' S

a) medla and enzyme solutions for cell culture,
o -b) cryopreservatlon of cultured cells under lquId nltrogen,e

c) -solutions for hlstology,

:d) solutlons for histochemistry}

e) solutions for electron micrcsccpy.

Sources of materials are given in Appendix I.

a) MEDIA AND ENZYME SOLUTIONS FOR CELL CULTURE

1. WAYMOUTH MEDIUM WITH PENICILLIN AND STREPTOMYCIN

One pack (13.8 gm) of Waymouth medium powder (with L- .
glutamine and without sodium bicarbonate) is dissolved in one,
litre of distilled water.

2.24 gm of sodium bicarbonate is added and dissolved by
swirling. . ' ‘

4.00 ml of penicillin/streptomycin solution (25,000 I.U.
Penicillin G per ml, 25,000 »g streptomycin per ml) are added,
producing medium which has 100 I.U./ml penicillin G and
100 wg/ml streptomycin.

In a hood the medium is sterilized by passage through a
millipore filter-

After filtration, the medium is drained into two sterile
500 ml bottles and capped with sterile caps.

2, ADDITION OF FETAL BOVINE SERUM TO WAYMOUTH MEDIUM

The serum 1is stored frozen and after thawing must be
swirled to mix. Serum is added to Waymouth medium, measured in
percentage by volume. If the pH of the resulting medium is out
of the desired 7.2 to 7.4 range, 1.0 N NaOH is added dropwise to
reach the proper pH.

3. TRYPSIN SOLUTION FOR CELL DISSOCIATION

The 20 ml of 2.5% trypsin in sterile saline is thawed and
removed from the vial by sterile syringe and diluted to 400 ml
with Hanks BSS (1x concentration, Ca**, Mg**-free) to obtain a
final concentration of 0.125% trypsin. The pH should be
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adjusted'to-the 7.2 to 7.4 range with a filter sterilized
solution of sodium bicarbonate. Trypsin solution is stored
frozen in 100 ml bottles at -20°C. ’ '

4. COLLAGENASE . SOLUTION. FOR CELL DISSOCIATION FROM WHOLE
OVARIES . ' e ‘ C o

Collagenase powder is .dissolved in 5%4FBS/WM,to produce ‘a
solution 0.1% in collagenase.. The solution is filter sterilized
before use. : . Co . S

5. HYALURONIDASE SOLUTION FOR ' CELL DISSOCIATION FROM WHOLE
OVARIES = | o | ,

Hyalurénidase powder is dissolved in sodium bicarbonate
buf fered Hanks BSS to make a solution 0.1% in hyaluronidase."
The solution is filter sterilized before use.

6. 0.125% TRYPSIN AND 0.02% EDTA SOLUTIONS FOR CELL
DISSOCIATION FROM WHOLE OVARIES ' ‘

Powdered EDTA (ethylene diamine tetraacetic acid) is
dissolved .in 0.125% trypsin solution (Hanks BSS, Ca**, Mg®'-
free) to produce a solution 0.02% in EDTA. - This solution is
sterilized by filtration. ' ‘

b) CRYOPRESERVATION OF CULTURED CELLS UNDER LIQUID NITROGEN

Cells freeze best when they are growing rapidly. After
trypsinizing, cells are centrifuged and resuspended in 8-10%
dimethylsulfoxide and 90-92% growth medium (usually 10% FBS/WM)
at 5x105 to 106 cells per ml. Approximately 1.0 ml of cell
suspension is added to each freezing ampule. Ampules are frozen
at 1°C per minute to -20°C (or as indicated in freezing
instructions), then stored at liquid: nittrogen-temperatures: The-
tank used for freezing should be at least two thirds full of
liquid nitrogen and should not have been opened earlier on the
same day.

To thaw frozen cells for culture, the frozen vial is put in
warm water (40°C) to thaw rapidly. The vial 1is wiped with
alcohol before opening, and the <cells transferred to a
centrifuge tube. One ml of medium 1is added and the «cells
allowed to stand for five minutes, then two ml of medium is
added and the cells left for five minutes 1in this diluted
freezing medium. The suspension is centrifuged for 4-5 minutes
at 900-1,000 rpm, the supernatant is removed, the cells are then
taken up in growth medium and transferred to a culture flask.

c) SOLUTIONS FOR HISTOLOGY

1. EOSIN SOLUTION
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Powdered eosin is dlssolved in dlStllled water to produce a
solutlon 0.5% or 1% in eosin..

2. HAEMATOXYLIN.

This - solution was received already prepared - from
histologists in the Departments of Zoology and Anatomy.
Preparation procedures can be found in most - standard texts on-
"histological procedures (Culling, 1974). : '

3. TOLUIDINE BLUE -

Powdered Toluidine Blue O is dissolved in aqueous solution .
to produce a 2% solution. This stain .preparation .is filtered:
before each use. . : ' :

4. PHOSPHATE BUFFER'(O.1vM)

Two solutions, A and B, are prepared. Solution A is 0.1 M
in disodium hydrogen phosphate (Na,HPO,). Solution B is 0.1 M

Preparation of 0.1 M Phosphate Buffer
pH Solution A ml Solution-B:mlv>
7.1 66.6  33.4
7.2 72.0 . ’ 28.0
7.3 76.8 . 23.2
7.4 80.8 ' 19.2
7.5 84.1 15.9
7.6 87.0 13.0
7.7 89.4 10.6

in sodium dihydrogen phosphate (NaH,PO,). These two salts
sometimes come as hydrates. In order to produce a 0.1 M.
phosphate buffer of a given pH, solutions A and B are combined
as indicated in the accompanying table (Gurr, 1960).

5. PHOSPHATE BUFFERED 10% FORMALIN

Concentrated formaldehyde solution ("formalin") which is
approximately 37% formaldehyde by weight is diluted tenfold with
0.1 M phosphate buffer (pH 7.2-7.4) to produce a 10% formalin
solution (3.7% formaldehyde).

6. PHOSPHATE BUFFERED SALINE (PBS)

To each 100 ml of 0.1 M phosphate buffer is added 0.9 gm
sodium chloride. T
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~7..- SCOTT'S TAP WATER SUBSTITUTE
‘This solution _wés used 'tb: "blue" . haemotoxylin stained

cells., It is an aqgueous solution of 0.2% NaHCO,; and 2% MgSO,.

d) SOLUTIONS FOR HISTOCHEMISTRY

,1. DEHYDROGENASE TESTING SOLUTION ACCORDING TO LEVY S METHOD

, ThlS‘fGClpe is sllghtly mod1f1ed from - that published . by g
- Levy (Levy et al, 1959). ,In_Levyfs'repqrt,  propylene glycol.

- Hydroxysteroid Dehydrogenasé,Solution for Cryostat Sections

: : : Final?
Component ' ~ |Concentration| Amount Concentration
Steroid? : - 1 mg 0.03 mg/ml
NNDMF # - 2.5 ml 7% by vol
Nitro Blue Tetrazolium® 1 mg/ml 5.0 ml 0.14 mg/ml
Nicotinamide?® 1.6 mg/ml 3.5 ml 0.16 mg/ml
NADS _ 3 mg/ml - - 4,0 ml 0.34 mg/ml
Phosphate Buffer- 0.1 M 20.0 ml 0.06 M
, : pH 7.1-7.4 '

1. All component = solutions should: be at 37°C before
combining with .the steroid (dissolved 1in NNDMF) to
minimize precipitation. of the steroid.

2. Final concentration in testing solution.

3. Steroid 1is dissolved first 1in the NNDMF. For A5-3g-
HSDH, dehydroepiandrosteroneis-used as--substrate:.: For.
178-HSDH, estradiol or testosterone are used as
substrates. For hydroxysteroid dehydrogenase testing of
cultures, the concentration of steroid is doubled. - For
LDH testing, steroid and NNDMF are omitted and replaced
by 50 mM sodium lactate (0.25 ml of 60% sodium lactate
syrup for 32.5 ml of LDH testing solution).

4. This is the only alteration in Levy's method. NNDMF is
used to dissolve the steroid in the aqueous testing
solution.,

5. These components are dissolved individually in distilled
water 1in the concentrations shown. These solutions may
be stored at -20° C

was used as the ster01d solvent: instead of N,N-dimethyl
formamide (NNDMF). The individual components of this testing
solution are prepared and combined according to the accompanying
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table to 'make up 35 ml of testing solution. This testing
solution is usually made up fresh on the day needed and »not-
kept over elther in lquId or frozen form -

2. ‘DEHYDROGENASE TESTING SOLUTION ACCORDING TO FISCHER'S METHOD’-

In Fischer's method (Fischer et al, 1972) the components of

"testing solution for hydroxysteroid dehydrogenases, and their
final concentrations, were given as . follows: nitro = blue
tetrazolium 0.5 mg/ml (in 0.1 M phosphate buffer, pH 7.5), NAD
(or 'NADP) 2 mg/ml, steroid substrate 0.25 mg/ml. No mention 1is
made of a steroid solvent so NNDMF was used at 1.5 ml per 20 ml
of: dehydrogenase solutlon. Also, nicotinamide was not mentioned . .
in Flscher s paper. ' - ' ‘

3. OIL RED O

Stock solution is composed of 0il ‘Red O (0.25-0.5%) 'ih
isopropyl alcohol. This solution is stable at room temperature
for months. See Appendix III for use.
4. SAFRANIN O

This pink dye was used as a counterstain for formazan

deposits in dehydrogenase tested cryostat sections. ‘It is.
usually prepared as a 1% aqueous solution. ‘

e) SOLUTIONS FOR ELECTRON MICORSCOPY

1. MILLONIG'S PHOSPHATE BUFFER

The various Millonig s buffers wused in preparation of
tissues for electron m1croscopy are made up by comblnlng three
solutions, A, B and C in various proportions:

Solution A - 4.52% NaH,PO,.H,0

Solution B - 5.04% NaOH
Solution C - 5.4% glucose.

For Mlllonlg s buffer for washing and rinsing the following
combination is used:

Solution A - 83 ml
Solution B - 17 ml
distilled water - 100 ml.
(At this point the pH should be 7.3-7.4.)
Solution C - 20 ml.

For Millonig's buffer ‘for glutaraldehyde (i.e. without
glucose) the following combination is used:



Solution A - 83 ' ml
Solution. B - 17 ml
- distilled water - 100 ml

To prepare 2.5%. glutaraldehyde in Mlllonlg s buffer, 10 ml
~of 25% aqueous glutaraldehyde (in a sealed ampule) is. dlluted to
100 ml with’ Mlllonlg s buffer (w1thout glucose)

o For Millonig's buffer for osmium tetroxide (OsO ) Solutlons'
-~ A, B and C are comblned as follows:

Solution A - 83 ml
Solution B - 17 ml -
‘Solution C - 10 ml,

Stock solutions of 0sO, are usually 2% in distilled water.
This is prepared by dilution of 5 ml of 4% O0sO, agueous (in
ampules) to 10 ml with distilled water. The stock solution 1is
stable for short perlods if kept at 4°C in a light-tight bottle.
The. stock solution is diluted just before use by addition of an
equal volume of Millonig's buffer for osmium tetrox1de, to form
a 1% solution. This 1% buffered solution is not as stable as
the 2% stock solution.

2. PREPARATION OF EPON EMBEDDING MATERIAL

Two solutions, A and B, are prepared as follows with
thorough mixing: R

Solution A:
epon 812 resin - 62 ml
dodecenyl succinic anhydride - 100 ml

Solution B:
epon 812 resin - 100 ml
nadic methyl anhydride: - 88 mi,-

These: solutions may be stored, tightly covered, under
refrigeration for long periods. For use, solutions A and B are
combined at room temperature in the proportion A:B equals 1:1.3.
The greater the proportion of A, ‘the softer the block; the
greater the proportion of B, the harder the block. Just before
use the accelerator, 2,4, 6tr1(dlmethylamlnomethyl) phenol (DMP-
30), is added in the proportlon 1 to 2% by volume. This 1is
thoroughly mixed to insure uniform hardening of the block.

3. LEAD CITRATE STAIN

To 10 ml of distilled water 0.1 ml of 10 N NaOH (carbonate
free) is added. Lead citrate (0.01 to 0.04 gm) is added. This
is shaken vigorously to' dissolve. Any- persistent sediment is-
remoged by centrifugation. The lead citrate solution is stored
at 4°C.
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- 4. URANYL ACETATE STAIN

To. 25 ml of 70/ aqueous ethanol, 1.75 gm of uranyl acetate .
is.added with prolonged shaking. ThlS solution 1is saturated.
with respect to uranyl acetate. The stain is stored at 4°C in a
'fbrown bottle. _ o ' :
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APPENDIX III. PROCEDURES FOR HISTOLOGY HISTOCHEMISTRY AND
ELECTRON MICROSCOPY

In this appendix procedures are llsted under the headings:
histology, histochemistry, electron microscopy. - The preparation
_of solutions used can be found in Appendix II; sources of

materials are given in Appendix I.

a) HISTOLOGY
 1. ETHANOL FIXATION OF CULTURED CELLS

Cultures were rinsed. in Hanks BSS or Waymouth medium to
‘remove . traces of serum. Cultures were then left in 95% ethanol
‘for 5 minutes or more. Cells were usually stained in toluidine
blue according to the next paragraph. '

2. TOLUIDINE BLUE STAINING OF ETHANOL FIXED CELLS

Cultures in 95% ethanol were brought to water via a
graduated ethanol/water series (a few minutes in each of 90%
ethanol, 70% ethanol, 40% ethanol, water). '~ Cells were then
stained for approximately 1 minute with 2% aqueous toluidine.
blue solution which had been filtered immediately before use.
After thorough rinsing with water cultures were air dried. If
cells were overstained cultures were rinsed with 90% ethanol,
and if wunderstained the staining was repeated. For viewing,
_cultures in.plastic dishes were mounted with immersion oil and
the coverslip rimmed with clear nail polish.

3. FORMALIN FIXATION OF TISSUE SPECIMENS

Tissue specimens for 1light microscopy were fixed in
phosphate buffered 10% formalin at 1least overnight. Tumour
specimens were often stored in-this-solution  for long' periods.
For storage, fresh fixative solution was added after the
fixation period. ‘ ) :

Dehydration and embedding were done routinely by the
histologist in the Zoology department. Dehydration was by a
graded alcohol series, clearing by xylene, and embedding in wax
in an automated tissue processer.

b) HISTOCHEMISTRY

1. TESTING FOR ACTIVITY OF DEHYDROGENASE ENZYMES

Dehydrogenase testing solutions ‘'were prepared as outlined
in Appendix I1. In the case of the Hhydroxysteroid
dehydrogenases A5-3g-HSDH and 17g-HSDH it was important to have
the aqueous solutions at 37°C before comb1n1ng with the steroid
dissolved in NNDMF to minimize precipitation of the steroid.
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To test tissue sections by :this method, tissue specimens

" .were placed on cryostat adhesive on a cryostat chuck.and frozen

in liquid nitrogen immediately after removal from the animal.
Tlssue was sectloned at 8—10 u 1n a cryostat at -20° C. :

Sectlons were. plcked up - on. coversllps kept at  room
‘temperature. = The - sections were _ then returned to the
refrigerated cabinet of the <cryostat and allowed to dry for
about 30 minutes. - Sections were rinsed ‘in 0.1 M phosphate.
buffer (pH 7.2—7.4)'in small staining jars (Columbia jars) for 5
" minutes at. 37°C. - Coverslips . were then transfered to the
dehydrogenase testing solution -or to control solutions lacking
only substrate, and were incubated at 37°C. For the enzymes.

tested 15 to 45 -minutes  was ample incubation time. - Lactate:
dehydrogenase testing .was usually complete at 15-30 min while
the hydroxysteroid dehydrogenases took -~ 30-45 ~ min. After

incubation, sections were fixed in 10% formalin in 50% ethanol
for 15 minutes and then counterstained briefly (less than a
minute) in 1% aqueous safranin O. Coverslips were mounted to
mlcroscope slides ‘using an aqueous mounting medium. As. these
preparatlons are not stable over long periods they were assessed.
by microscope and photographed soon after mounting.

Cultured cells in plastic dlshes “were - tested. for
dehydrogenase activity in an unfixed condition or after freezing
at -20°C. It was very important to rinse cultures thoroughly
‘with phosphate buffer to remove traces of serum in the growth
medium. Fetal bovine serum is rich in many steroids, especially
estrogens. This could lead to false positive results. Explants
were also removed from cultures before testlng The testing
solution for hydroxysteroid dehydrogenases in culture contained
double the steroid concentration wused for testing sections.
Incubation was at 37°C. For A5-3g-HSDH testing, cultured luteal
cells showed dark staining, usually within an hour. However,
178-HSDH testing of cultured: ROSE cedds. generally tooks2: hours.
After 1incubation, cells were rinsed with buffer and then fixed
in phosphate buffered 10% formalin., Cells were mounted with an
agqueous mounting medium and assessed soon after mounting. Any
storage was at 4°C.

2. OIL RED O FOR LIPID IN SECTIONS AND CULTURED CELLS WITH
HAEMOTOXYLIN COUNTERSTAIN

This procedure is a modification of Lillie and Ashburn's
isopropanol oil red O method as outlined in Culling (p.361,
Culling, 1974). :

Immediately before use 6 ml of stock oil red O solution
(Appendix I1) was diluted with 4 ml of distilled water, allowed
to stand for 5 to 10 minutes, and then filtered. ThlS solution
is not stable for more than an hour or two, and should not be
used after a precipitate forms. Cultures to be tested were
either frozen and thawed rapidly three times or were  fixed in
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phosphate  buffered 10% formalin. Cryostat sections of tissue
- were tested without further preparation. Sections or cells were
incubated with the oil red O stain for 10 to 15 minutes at -room
temperature. The stain was drained off and the cells rinsed
quickly (a few seconds only) in 60% isopropyl alcohol, then
flooded with water. At this point cultures and sections were
counterstained with haematoxylin for approximately two .minutes.
After rinsing in tap water cells were allowed to "blue" in
Scott's tap water. substitute for a few minutes and rinsed again.
- If the cells were overstained they were rinsed for a few seconds:
-in 1% HCl to remove stain and then :blued  in Scott's. If the .
cells were not stained enough they were restained. Preparations
were then rinsed, drained well, mounted with an aqueous mounting
medium, and assessed promptly. '

c) ELECTRON MICROSCOPY

1. THE FIXATION, DEHYDRATION AND EMBEDDING OF CULTURED CELLS
FOR ELECTRON. MICROSCOPY : :

Cultured cells were prepared for electron microscopy
according to the following schedule:

Cells were rinsed gently with Waymouth medium. -

Cultures were fixed in 2.5% glutaraldehyde in Millonig's
buffer for one hour at 4°C. '

Cultures were rinsed with Millonig's buffer 2 or- 3 times
for 5 minutes each rinse. (N.B. Cultures could be stored at
this point at 4°C.)

Cells were post fixed in 1% OsO, in Millonig's buffer for
15 to 30 minutes at 4°C. '

Cultures were rinsed with Millonig's buffer twice for 5
minutes each rinse. :

Cells were next dehydrated in a graded ethanol series and
then embedded in epon as follows:

50% ethanol: 5 minutes 4°C

70% ethanol 5 minutes 4°C

S0% ethanol 5 minutes room temperature
100% ethanol 30 minutes room temperature
100% ethanol 30 minutes room temperature
100% ethanol 30 minutes room temperature
ethanol/epon 3:1 1 hour room temperature
ethanol/epon 1:3 1 hour - room temperature
epon 1 hour - room temperature
fresh epon overnight 37°C

same epon 24 hours 56°C
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All dehydrating steps. and’ embeddlng steps done at room
. temperature were done with gentle shaklng :

2. . THE FIXATION DEHYDRATION AND EMBEDDING OF SOLID TISSUE FOR
'ELECTRON MICROSCOPY

. Small pieces .of 'tissue} about a'millimeter in diameter,
were fixed, dehydrated and embedded in epon according to. the
following schedule. : ’ ' '

‘ . Tissue was. fxed overnlght in 2.5% glutaraidehyde\.in"
‘Millonig's buffer at 4°C. S - »

"Tissue was rlnsed in Mlllonlg S buffer tw1ce at 30 minutes
each rinse. . : R

Spec1mens were post fixed in 1% 0sO, for one hour at 4°C .
and then given two rinses in Millonig' S buffer for 30 minutes
each rinse. '

Dehydration of tissues was achieved by a graded ethanol
series followed by propylene oxide and then embedding in epon as
follows: (all dehydrating steps and the first embedding step
- were done with gentle shaking) - :

50% -ethanol 10 minutes

4°C
70% ethanol ‘ 10 minutes 4°C
90% ethanol _ : 10 minutes 4°C
100% ethanol’ ' ' 15 minutes room temperature
100% ethanol ' ' 30 minutes room temperature
ethanol/propylene oxide? 1:1 30 minutes room temperature
propylene oxide? 30 minutes toom temperature
propylene oxide/epon 1:1 1 hour room temperature
propylene oxide/epon 1:3 1 hour room temperature
epon _ 1 hour room temperature
fresh epon overnight- 37°C-
same epon 24 hours 56°C

1 - oven dried glass and plasticware only from this step onwards
1-2 - great care must be taken not to allow cells to dry out
during these steps.

73. STAINING OF THIN EPON SECTIONS FOR ELECTRON MICROSCOPY

For staining thin (50-100 nm) epon sections mounted on
carbon coated copper grids, covered glass Petrie dishes lined
with a layer of paraffin were used. Drops of the stain (uranyl
acetate and lead citrate in separate dishes) were placed on the
paraffin surface. In the dish with the lead citrate pellets of
sodium hydroxide were placed at 1least 5 minutes before the
staining period to absorb carbon dioxide in order to minimize
the production of lead carbonate. To stain, grids were placed
section side down on the drops of stain. Depending on section
thickness and the intensity of staining desired, sections were
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generally stained for 10 minutes in the‘ufényl acetate solution,
rinsed thoroughly in ‘distilled water (30 dips), stained- 4 to 6
minutes in the lead citrate solution, and rinsed (30 dips).

4. "STAINING OF THICK "'EPON SECTIONS FOR LIGHT MICROSCOPY

Thick epon sections (0.5-1 ») were placed on a drop of
water on a glass microscope slide, and the slide was heated on a
hot plate (125-150°C) to evaporate the water and fix . the
sections to the slide. Sections. were then stained briefly
(about 30 seconds) with heating  in- 1% ‘toluidine’ blue in 1% .
-sodium borate solution and then rinsed thoroughly.
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APPENDIX 1IV. - TECHNIQUES  FOR STEROID BIOCHEMISTRY

This appendix is organized.underlthe followingwheadings; 
'a) scintillation cbuntihg,

b) paper chromatography,

c) thin layer chroﬁatogfabhyf

d) location of'épots,onvchromatpgrams'

e) éalibration'chromatogram for sﬁgfoi&svused‘

f) X-ray film autoradiogfaphy

g) gas liquid chromatography.

The sources of materials are found in Appendix I.

a) SCINTILLATION COUNTING

For most of this study (everything but the determination of
specific activities of the progesterone XL and ML specimens) a
Searle Mark II model #6847 scintillation counter from Nuclear
" Chicago was used. For steroid specimens the scintillation:
_cocktail used was Omnifluor. in toluene - (4 gm Omnifluor to 1
litre toluene). Samples to be counted were added to 10 ml of -
this cocktail and thoroughly mixed. For background - counts
scintillation wvials containing 10 ml of <cocktail only were
placed before and after the radiocactive vials in the counter.
In general samples having fewer than 5,000 counts per minute
were counted for 20 minutes and those with more than 5,000 cpm
for 10 minutes. Previous tests. done in this 1lab showed
quenching to be negligible:- with«- the- steroid samples~ used. .
Solvents in samples greater than a few xl were dried down before
cocktail was added. ‘

b) PAPER CHROMATOGRAPHY

For most paper chromatograms done the paper (Whatman #1
chromatography paper in 46x57 cm sheets) was cut according to
the accompanying diagram. The paper was soaked in a solution of
propylene glycol/methanol (1:1) and then well blotted between
sheets of chromatography paper. Propylene glycol was the
stationary phase in all paper chromatograms done. Extracts were
quickly applied to the origin with one strip used for radioinert -
marker steroids only. The mobile phases used were ligroine
(System I) and benzene/hexane ' 1:1 (System II). System' I was
generally used to separate the products of '“C-progesterone
incubations, and System II those of '“C-estradiol incubations.
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origin

[——

cm. l .

i )

10 cm. 47 cm.

Chromatograms were run in large (30x30x60 cm), air-tight
glass tanks equiped -with trough supports and troughs for the
mobile phase. Mobile phase was poured into the tank to a depth
of about 1.5 cm. The atmosphere in the tanks . should be
saturated with mobile phase before a chromatogram 1is started.
The chromatogram was folded about 3 cm above the origin and
secured in the trough in the tank. Beakers were set under each
point of the chromatogram to catch any runoff. Mobile phase was
poured into the trough, the tank covered with a weighted glass
cover, and the edges of the tank sealed with silicone grease.
For best results the tank should be kept at fairly constant
temperature during the run. After the run the chromatogram was
hung in a fume hood to dry. .

c¢) THIN LAYER CHROMATOGRAPHY (TLC)

Before use, TLC plates were washed with either
chloroform/methanol (1:1) or benzene/ethyl acetate (3:1), and
allowed to dry thoroughly before spotting. Plates were spotted
with extracts at 2 cm from the bottom, clamped between the glass
sheets of the TLC apparatus, and set in a trough. containing
mobile phase (System III, benzene/ethyl acetate 3:1) to a depth
of 1 cm. The chromatogram was allowed to run until the solvent
front reached the top of the TLC plate, usually 1.5 to 2 hours.
The plate was then allowed to dry throughly in a fume hood.

d) LOCATION OF SPOTS ON CHROMATOGRAMS

1. ULTRAVIOLET ABSORPTION

In a dark room dry chromatograms were examined with a UV
lamp (short wave length UV). Protective glasses were worn
during this procedure. Areas on chromatograms appearing darker
than the surrounding paper were outlined in pencil. Steroids
containing the 3-keto 44 structure (e.g. progesterone) or a
saturated A ring (the estrogens) absorb UV radiation and were
hence positive for this test. Steroids containing the 3-hydroxy
A5 structure (e.g. pregnenolone) do not absorb UV and were thus
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'negatlve for this test.

2. PHOSPHOMOLYBDIC ACID (PMA) TEST

Most. steroids contalnlng' a hydroxyl'grdup turn blue when '

treated with an alcoholic solution of PMA., Progesterone and A4-
androstenedione were the only steroids in this study which were-
negative for the PMA test. This test was carried out in a fume -
hood. - Dry: chromatograms . (usually  only the side strips -
containing radioinert steroids) were thoroughly sprayed with the
-yellow PMA solution (8% PMA in ethanol) but not to the point
that the solution ran on the paper. The paper was then placed
in .an oven at about 65°C.  When blue spots began to appear the
paper was removed and the location of the spots recorded. With
time the entire paper turns blue; hence results must be recorded
promptly. - In this test the PMA crosslinks steroids containing
hydroxyl groups thus altering the steroid - irreversibly. Hence
this reagent must never be applied to chromatograms to be used
for elution and 1dent1f1cat10n of ster01ds by recrystallization.

e) CALIBRATION CHROMATOGRAMS FOR STEROIDS USED

In an attempt to identify ‘radiocactive. products of '%C-
pregnenolone and ‘'“C-estradiol incubations with cells, many
other steroids were run in chromatograms - for reference. The
result of calibration chromatograms are given in the table on
the next page. The paper chromatograms were run for 22.5 hours"
and the TLC plates for 1 hour and 50 minutes. Numbers given in
the table are distances in cm from the origin to the centre of.

the spot. In paper chromatograms spots some distance from the .

origin spread over as much as 10 cm. =~ In paper chromatograms
100 »g samples of steroids were wused, and in TLC's 50 ug
samples.

£) X-RAY FILM AUTORADIOGRAPHY

Radioactive regions on chromatograms were located by ZX-ray
film autoradiography. Thoroughly dry chromatograms were stapled
to X-ray film and exposed in a light-tight cassette for 4 to 5
days. All darkroom work using X-ray film was done using a Kodak
safe light filter, Wratten Series 6B, only. X-ray films were
developed in Kodak ZX-ray developer for 5 minutes, placed in a
stop bath of water acidified with glacial acetic acid (1-2 ml of
glacial acetic acid in a large trayfull of water) for 1 minute,
and fixed in Kodak rapid fixer for 8 minutes. ‘Film was then
rinsed for a few hours in running water and allowed to drip dry.
Chromatograms were lined wup with the film (matching staple
holes) and radioactive regions were outlined in pencil,
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CALIBRATION CHROMATOGRAMS FOR STEROID. STANDARDS'
_ . v PAPER PAPER - TLC
STEROID " | 'SYSTEM SYSTEM - SYSTEM S yvs "PMAS®
. o 1?2 (eM) | I (eM) | IITIM (CM) : :
pregnenolone | 13.5 _ 25 6.0 = +
progesterone runoff runoff - 7.3 + -
17¢~hydroxy- L _ o .
.pregnenolone | 0 1.5 3.4 - +
17e-hydroxy- o : ‘ o . -
progesterone | 1.5 11.5 3.8 + ot
20o-dihydro- ' R R _ o : ’
pregnenolone . |. 1.3 4.0 3.4 = 4+
20¢-dihydro- ' o
. progesterone 5.5 20.5 3.7 +. +
' estrone 0.5 6.5 9.9 +7 +
-estradiol 0 0.8 5.7 + +
estriol 0.5 0.3 0.5 +7 +
androstenedione. - - 5.7 + -
DHEA - - 5.0 - +
testosterone 2.5 11.0 3.1 + +
1 - numbers given are distances in cm between origin - and
centre of spot
2 - ligroine 1is mobile phase - running time 22.5 hours at
room temperature
3 - benzene/hexane 1:1 is mobile phase - running time - was
22.5 hours at room temperature
4 - mobile phase was benzene/ethyl acetate 3:1 - running
time was 1 hour 50 minutes
5 - a plus sign signifies absorption of UV radiation
6 - a plus sign signifies development of a blue spot
7 - these steroids had a slight UV absorbance

g) GAS LIQUID CHROMATOGRAPHY

DETERMINATION OF SPECIFIC ACTIVITY FOR ESTROGEN SPECIMENS

The specific activity (cpm/mg) for estradiol (E,) and
estrone (E,) crystals and mother liquors was determined using a
Hewlett Packard GLC model #5830A (in the laboratory of
K. McErlane, Faculty of Pharmaceutical Sciences, U.BC.). A 6
foot glass column, o.d. 0.25 1inch, packed with 3% OV225 on
Chromosorb W(HP) 100/120 mesh was used in the analysis. The
column was packed and conditioned according to the procedure
outlined in a Government of Canada technical bulletin (McErlane,
1977). The main points in this procedure are summarized here.
- This procedure was also carried out  in Dr, K. McErlane's
laboratory. '

The glass column was thoroughly cleaned with chromic acid
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(30 minutes), rinsed consecutively with distilled water,
methanol and acetone, and air dried. The column was filled with
a solution of 5% dimethyl-chlorosilane in toluene, left to stand.
30 minutes, and then thoroughly rinsed with methanol and acetone
and dried as before. This procedure silylates active hydrogen
sites in glass . column to prevent interference with silylated -
steroids. : ’

'Columnn packing ‘material was prepafed- as follows. A

. solution of 0.45 gm of 0V-225 . (methyl phenyl cyanopropyl

silicone) in 30 ml. chloroform was .applied uniformly with a
Pasteur pipette in a series of contiguous streaks, to 15 gm of
support phase (Chromosorb W(HP) 100/120 mesh) spread uniformly
over the bottom of a 5.5 cm diameter petri dish. The barely
moist cake of support was transferred to-a fluidizer (HI-EFF -~
Applied Science Laboratories Inc., State College, Pa.) through
which clean, filtered, oil-free nitrogen was flowing. The
fluidizer was placed on a hot plate at 150-170°C and the support
phase allowed to tumble until all the chloroform was gone. This
procedure causes the support phase particles to become uniformly
coated in the liquid phase and removes undersized particles.

The  column - was packed with  support - (about 5.3 gm) by
applying vacuum to one end (with a glass wool pledget 1in the
tube end) and adding enough support at the other end to fill 6
inches of the tube at a time. The column was inserted 1in the
gas chromatograph such that the direction of the carrier gas
flow was the same as the direction of -the packing.

Column conditioning was carried out 1initially with the
detector ‘end of the column disconnected. With the carrier gas
flowing the oven temperature was increased from room temperature
to 175°C at 3°/minute, and this temperature was maintained for
16 hours. The oven temperature was then raised to 235°C at
3°/minute and held constant for' 24 hours. The detector end of
the column was then connected” and conditioning continued at
235°C until a stable baseline was achieved. This could take
several days.

Columns prepared as above had higher resolving power than
those subjected to less rigorous treatment (McErlane, 1977).

Column conditions for these E,/E, runs were as follows:
column temperature 225°C, 1nject10n port 240°C, detector (flame
ionization detector) 240°C, carrier flow rate 41 ml/min (helium
carrier gas).

All E,/E, specimens were derivatized before use to their
corresponding trimethyl silyl ethers. These trimethyl silyl
groups are added at each hydroxyl group. In a Reacti-vial the
radiocactive specimen is thoroughly dried down at 40°C under
nitrogen along with the internal standard. For estrone unknowns
estradiol was used as internal standard.. Usually 100 ug of
internal standard was used since the unknown was approximately
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100 »g also. To the dry vial were added 50 »1 of silylation
grade dry pyridine and 100 »1 of the silylating agent, BSTFA.
The vial was capped with its teflon lined cap and heated at 60°C
for at least 10 minutes. For analysis 1-2 xl aliguots were

CALIBRATION CURVE FOR HP-GLC MODEL #5830A FOR
TRIMETHYLSILYL DERIVATIVES OF ESTRADIOL (E;) AND
ESTRONE (E1) IN PYRIDINE
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injected by microlitre syringe into the GLC. Retention times
for the estrogen were very uniform from day to day with estrone
at 17 minutes and estradiol at 7 minutes. A response curve was
prepared by injecting E,/E, specimens of known proportionality
by weight and determining the ratio of their areas on the GLC
printouts. These printouts contained the percentage of total
area occupied by each peak; hence determination of ratios of
areas was simplified. The response curve 1is given in the
accompanying graph.
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'vAﬁPENDIX V. 'TECHNIQUESTINVOLVED WITH KIRSTEN ViRUs;QV
This éppendix is organiéed.uhdér~the fol1owing‘heagings;
'a) containment precautions for work with KiMSV<:
b)~céilection and conééntration of the KirSten»virus'
C)’K1MSV focus formlng assay

a) 1rrad1at10n of animals for tumouflgene51s testlng

-e) tr1t1ated ur1d1ne 1ncorporat1on and sucrose den51ty
gradient analysis:

The original source for NRK:cells and KiMSV transformed NRK

cells.is given in Appendix I. Virus used for this 'study was.
taken from frozen stock derived from the original lot.

a) CONTAINMENT PRECAUTIONS FOR WORK WITH KiMSV

, For the duration of this study both tissue culture and
animal work was done at the 'C' containment level as outlined in
MRC Guidelines (MRC, 1973). . Since that work was done the
Kirsten virus has been downgraded to 'B' level.

Tissue culture - was carried out in a vertical laminar flow
hood (Bio Gard model B40-002, Baker Co., Sanford, Maine) 1in
Medical Block B, U.B.C. Virus infected rats were kept in cages
housed in a vertical laminar flow hood (Bio Gard model  B40-112)
in the Zoology vivarium. Both of these rooms were kept under
negative pressure and exhausted directly to the outside. Both
Bio Gard hoods were eguiped with HEPA (high efficiency particle
attrapment) filters to prevent virus particles from passing into
the room. These facilities were tested and regularly inspected*
by the U.B.C. Biohazards Committee.

b) COLLECTION AND CONCENTRATION OF THE KIRSTEN VIRUS

Cultures of KiMSV transformed NRK cells derived from
ampules of frozen cells were .grown in 25 cm? flasks in 5% FBS/WM
until crowded. Each culture was then subcultured to four 75 cm?
flasks. Supernatant medium was harvested from subconfluent
cultures. This supernatant was centrifuged at 5,200 rpm for 30
minutes at 4°C to get rid of floating cells, The preparation
was then stored frozen at -60°C.

The virus was concentrated by centrifugation of 500 ml of
supernatant for one hour at 25,000 rpm at 4°C in" polycarbonate"
tubes with screw caps. It was essential that the centrifuge
tubes be carefully balanced. The half-life of the virus 1is
short (approximately 1 hour) at room temperature; hence wherever
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possible the preparations were kept on ice. -

Inside the laminar flow hood the supernatant was carefully
poured off. The pellet in each tube was resuspended in 2 ml of
cold (4°C) 5% FBS/WM (heat treated FBS). Suspensions from
several tubes were pooled and -diluted to 50 ml 'with 5% FBS/WM
(heat "~ treated FBS). This preparation was taken up in 20 ml
syringes and passed - through millipore filters (0.45 ») into

plastic freezing ampules. Filtration is essential to remove any
transformed NRK cells. The ampules were immediately frozen and
‘kept under liquid nitrogen.

c) KlMSV FOCUS FORMING ASSAY C -
Cultures of non virus-transformed NRK cells were grown to 60-80%
confluence. Virus was .added to dishes 1n_ five different .
concentrations: concentrate and 0.1, 0.01, 0.001 and 0.0001
dilutions. Cultures were monitored for the development of foci
of transformed cells. ‘About a week after infection foci were
counted in suitable dishes (usually the "second dilution"
dishes) and the number of focus forming units (FFU) per ml in
~the original concentrate determined.

d) IRRADIATION OF ANIMALS FOR TUMOURIGENESIS TESTING

Animals used for tumourigenesis testing were female Fischer
rats 4 to 5 weeks old. They were subjected to a whole body dose
of 400 rads from a 280 kV.X-ray source at the Cancer Control
Agency of British Columbia. Rats were placed in a 20x20x9 cm
box with no 1id. The 20x20 cm plexiglass cone of the radiation
unit was placed over the box, 2.5 cm from the rats. Time
required for the 400 rad dose was 8 minutes. Thirty-six hours
after irradiation rats were injected with virally transformed
cells, :

e) TRITIATED URIDINE INCORPORATION AND SUCROSE DENSITY GRADIENT
ANALYSIS

This procedure was done by J. B. 'Hudson, Department of
Medical Microbiology, U.B.C.

Subconfluent cultures of wvirally transformed cells in
75 cm? flasks were incubated in 10 ml of medium (Minimal
Essential Medium) containing 100 »Ci of 5-(°H)-uridine for 16
hours. The medium was removed and centrifuged at 10,000 rpm for
10 minutes at 4°C to remove cellular debris. The supernatant
was centrifuged for 2 hours at 20,000 rpm at 4°C to pellet the
virus. The pellets were resuspended in 0.5 ml PBS.

From each pellet suspension 0.3 ml was layered onto 20-60%
sucrose gradients in PBS and centrifuged at 30,000 rpm for 17
hours at 4°C. Fractions were collected onto 3 mm paper strips
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for tritium counting (10 drops per fraction). Every  fifth-
fraction, 3 drops were collected. separately for refractive index
measurement and correlated with the sucrose density in.gm/ml.
From previous work the density-of the KiMSV in sucrose is 1.15
to 1.17 gm/ml. : ' :
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APPENDIX VI;\ AUTORADIOGRAPHIC DETECTION QE‘ESTROGENfRECEPTORS
Appeﬁdix VI‘iS'ofganized under the: following headings:-
a)'preparatioh of tissﬁe spec imens fof autoradiography

- b) pfeparatien Qf:cultured,cells_for autoradiography .

c) coating _slides' and coverslips with autoradiogfaphic
emulsion Lo A :

a) development of autoradlograms

Sources of materials. are found in Appendlx I.

a) PREPARATION QE TISSUE SPECIMENS FOR AUTORADIOGRAPHY

Tissue specimens to be examined autoradlographlcally for
estrogen .receptors were fixed in either absoclute ethanol or in
- 2.5% phosphate buffered glutaraldehyde at 4°C overnight.
Ethanol fixed tissue was cleared 1in xylene and embedded in
paraffin. Glutaraldehyde fixed tissue was dehydrated 1in a
- graded ethanol series as per routine- hlstologlcal procedure,
cleared in xylene, and embedded in paraffin.

Wax blOcks'were trimmed and sectioned at 5 w. - Sections
were floated on 4% formalin solution on one end of slides coated
with albumin adhesive. ‘Slides were warmed at 40°C on a warming
tray to evaporate the water and were left overnight at 41°C in
-an oven to secure the sections to the glass.

Within 48 hours of sectioning, sections were rehydrated to
PBS and labelled for 30 minutes in PBS containing 1 «Ci/ml of
2,4,6,7-3H-estradiol (3H-E,). For labelling purposes, plastic
slide mailing tubes make good containers for the slides and
radioactive solution. After- labelling-sections were-rinsed: in.
PBS for two 20 minute periods with gentle agitation. Slides
were then rinsed briefly in distilled water and allowed to air
dry.

b) PREPARATION OF CULTURED CELLS FOR AUTORADIOGRAPHY

1. CELLS LABELLED AFTER ETHANOL FIXATION |

Explants were removed and cultures on plastic coverslips
were rinsed in PBS for 20 minutes to remove traces of serum. 1In
order to be able to tell readily on which side of the coverslip
the cells were located, each coverslip was notched asymetrically
as shown in the accompanying diagram. With the sharp notch in
the orientation shown the <cells were on the top face. This
marking of coverslips greatly helped during darkroom procedures:.

Cells were fixed in absolute ethanol for 20 minutes at 4°C.
Cultures were rehydrated to PBS for one minute. At this point
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cells were labelled for 30 minutes at room temperature in PBS

notched
plastic

- coverslip :
containing 1-uCi/ml 6fwjﬁ-é;}-*—AEEéf"igbgiiing cultures were
rinsed in unlabelled PBS for two 20 minute periods. Coverslips
were briefly dipped in water and allowed to air dry.

2. CELLS LABELLED LIVE THEN FREEZE DRIED

Living cells were rinsed with two changes of serum-free
Waymouth medium for 10 minute periods at 37°C to remove traces
of serum. Cells were then incubated for one hour at 37°C with
Waymouth medium containing 1 #Ci/ml of *H-E,. Incubation was in
a CO, incubator (5% CO,, 95% air, humidified atmosphere).
Labelled cells were rinsed twice with Waymouth medium for 20
minutes each time. Following a brief dip in distilled water,
cells were immediately frozen in a desiccator at -20°C.

c) COATING SLIDES AND COVERSLIPS WITH AUTORADIOGRAPHIC EMULSION

The autoradiographic emulsion was removed from

refrigeration and allowed to reach room temperature. Any
freeze-dried cultures on coverslips were kept in their

desiccator . until room temperature was reached to prevent
condensation on the cells. The emulsion was weighed and diluted
(under safe light - Kodak Wratten OC series) one to one with
pre-weighed distilled water at 60-70°C. Usually 8 gm of water
and 8 gm of emulsion were sufficient for the experiments done
(approximately 50 slides or coverslips per experiment).

After dilution the emulsion was mixed by stirring and was
poured into a plastic slide mailer tube kept warm in water at
50-60°C. Slide mailing tubes were found to be very convenient
containers for this diluted emulsion. Dry coverslips or slides
were grasped firmly by forceps and dipped in the emulsion, then
allowed to drain dry at room temperature for 30 minutes. During
this time emulsion coated slides were loosely covered with
sheets of aluminium foil to minimize fogging from the safe
light. Slides and coverslips were then stored in 1light-tight
boxes at 4°C for 1 to 5 weeks. Coverslips were placed cell side
up on glass slides.

d) DEVELOPMENT OF AUTORADIOGRAMS

After 1 to 5 weeks exposure autoradiograms were developed
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at 15°C in Kodak D19 (diluted 1:1 with water just before use)
for 4 to 6 minutes. Jars with developer were placed in a water
bath at 15°C. .Slides‘and coverslips were rinsed for on emlnutegt
in water then fixed in Kodak developer for 7 minutes. This.

developing procedure is ‘adapted from that of Lelghton (Leighton,
1980). After fixation slides and coversllps were rlnsed for at -
least 5 minutes in runnlng water. -

As controls for. positive chemography and fogging of
emulsion from radiocactive sources other than the *H-E, used for

labelling, wunlabelled slides  were exposed and developed under '

‘the same conditions as labelled slides. As ' controls for
negative chemography, a few labelled slides were exposed to
light after coating with emulsion, and were then placed in
light-tight boxes and exposed and developed as previously
outlined. This latter control is to detect fading. of 1images
durlng the exposure period in the dark. - ‘



