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INT RODUCTION

Testosterone is widely used to treat advanced mammary
carcinoma in the human female, The mode of action of this
hormone on neoplastic tissue, whether indirectly through some
body process, or directly upon the neoplastic cells themselves,
is essentially unknown, However, it should be possible to
test for direct effects of hormones if the cancerous tissue is
isolated from its complex host and maintained free of host influence,

A suitable biological system for this purpose, utilised in
the present experiments, consists of mouse mammary carcinoma
maintained in vitro in organ culture in a synthetic, chemically
defined medium (76)., Essentially pure hormones are added to
the medium and the morphologic effects produced thereby are studied
by light and electron microscopy. The historieal review of the
literature which follows deals with mammary tissue culture,
organ culture tachniques, and the effects of pure hormones on

C3H mammary carcinoma in vivo and in vitroe,

Early attempts to culture mouse mammary gland epithelium
met with little success (65, 92, 93). As early as 1924, however,
Maximow (69) was able to maintain rabbit mammary gland in vitro
in complex (protein-enriched) media, This worker induced
secretory and proliferative changes with various erude tissue

extracts, some of which were derived from hormone producing



tissues,

Recent attempts have been much more successful. In
1949, while studying the development of mouse hair in ‘ﬁfﬁ;‘fimm
explants of the ventral body walls of smbryos, Hardy (43)
observed the development of mammary gland rudiments to a
stage morphologically similar to that found in seven day old
mice, Comparable results were obtained by Balinsky (8).

In 1957 Lasfargues (60) obtained excellent growth of normal adult
mouse mammary gland epithelium in roller tube and plasma

clot slide cultures, Lasfargues pre-treated the tissue with
collagenase to digest the fatty stroma and enriched the medium
with 50 per cent humau placental serum, High concentrations of
steroid horraones present in this serum were felt to be responsible
for the excellent growth obtained,

A parallel development of organ culture technigues occurred,
in 1920 Fell and Robinson (35) cultured isolated femora of fowl
embryos in watch glasses on chick plasma.embryo extract clots.
In 1936 Parker (82) unsuccessfully attempted to use a lquid
medium for orvgan culture, Then, in 1954, Chen (20) successfully
combined both ideas by employing a floating disc of lens paper to
support the organ explant on the fluid culturs medium,

In 1957 Elias {28) maintained mammary tissue of mice

in vitro, using the Chen adaption to liquid medium of the watch



glass method of organ culture of Fell and Robinson, and employing
the synthetic chemically-defined culture medium "199" of

Morgen, Morton, and Parker (76), Elias was able to maintain the
vhbilﬁy and secretory activity of explants of prelactating mammary
glands obtained from adult mice of the C3H/Crgl strain,
Maintenance for five days required enrichment of the medium with
appropriate combinations of purified protein and stercid hormones,
including Estrone, progesterone, cortisol, growth hormone, and
mammotrophic hormone, The minimum essential maintainance
hormones were cortisol and mammotrophic hormone, Hyperplastic
alveolar nodules reacted similarly to normal prelactating tissue,
although it was more respounsive to the effective hormones,

Without hormonal supplementation thare was extensive degeneration
of the alveoli and small terminal ducts after five days.

Subsequent to the work of Elias, several investigators
employed similar techniques to define the effects of various pure
protein and stervid hormones ou organ eultures of mammary glands
of embryonic, virgin and prelactating mice (29, 30, 62, 74, 88, 89, 90,
91,1038), Much of this work utilizsed the C3H/Crgl strain of mouse
which normally bears a mammary tumor agent (MTA). In this strain
almost 100 per cent of the breeding and virgin females develop
spoutaneous mammary adenocarcinoma as long as the agent is
present, The use of mice in the study of the hormonal {afluences

on the neoplastic transformation is facilitated by the presence of a



wall recognized pre-neoplastic state --- the hyperplastic alveolar
nodule., These hyperplastic areas have been extensively investigated
(25).

Mouse mammary tumors {requently possess gytoplasmie
inclusion bodies. According to Smoller et. al, (98), previous
luvestigators concluded that the inclusion bodies were microscopically
visible aggregates of the virus.like particles firet demonstrated
with the electron microscope by Porter and Thompaon in 1948 (23)
in an MTA bearing strain of mice., The virus-like particles are
found not only in mammary tumors but also in hyperplastic alveolar
nodules and infrequently in normal tissue (84). According to
Pitelka, DeOme and Bern (85) an abundance of these particles are
associated with hyperplasias of pre-neoplastic significance., The
present state of kmowledge of the hormonal influence in mouse
mammary tumorigenesis, the characteristics of hyperplastic alveolar
nodules, and the nature and significance of the mammary tumor agent
have been recently reviewed (7,13,14,15, 23, 25, 73). Previous work
suggests that mouse mammary carcinomas are relatively
independent of the hormonal milieu (68), Elias and Rivera (30)
concluded that insulin has no effect on mammary tumor explants in
organ culture as seen by light microscopy. Movetti and DeOme (74)
have shown that the glucose uptake of mouse mammary carcinoma is

independent of the presence of insulin, when the tissue is



maintained in medium 199 in ozgan culture. DeOme, et. al, (24)
have observed no effect on radio.phosphorus uptake by mouse
mammary earcinomas in vivo after adminiatmﬁau of exogernous
androgen, estrogen or cortisel,

Studies by Lasfargues, et. al, (61,64) seggest that the
mammary tumor agent (MTA) can be maintained in complex
media in vitro and that it may actively multipls, The MTA
appeared to malatain itssli and actively multiple in organ cultures
of developing embryonic mowse mammary glands and in roller
tube cultures of partially digested adult mouse mammary tissue
in which some adipose tigsue was present. However, roller tube
cultures of pure embryonic mouse epithelium failed to maintain
the viras; maintainance withoat multiplication was achieved in
eultures of pure epithelium from the adult mouse, Also, the
virus-like particles can be found free in the medium iun large
numbers after 48 hours of primary explantation of tumor tissues
and disappear about the 15th, -20th, day (63,64). Lasfargues
concludes that these facts support the contention that growth of the
MTA requires the presencs of some gcomponent of the primeary
tamor and/or epithelial-stromal {nteraction,

MTA may not be identical to the virus.like particles (VLP)
seen in elgctron micrographs of mouse mammary carcinomas

{73,85), However, in vivo experiments demonstrate that



exogeunus cortisone causes a significant increase in sime and
number of inclusion bodies by light microscopy and »
corresponding increzse in VLP by electron microscopy (98).
There are as yet no reports to indicate whether this effect
can be duplicated in vitro with cortisol or other hormones.
Several investigators have studied histologic specimens of
human mammary carcinoma from patients' before and after
steroid hormomnal therapy, Adair and Herrmann (1, 48) have
reported that hydropic degensration of the cytoplasm and
nuclear pyknosis wers the main changes noted in haman mammary
carcinoma after testosterone therapy. Other observers have
noted that cutaneous metastases froxn mammary carcinoma
after testosterons therapy showed either no specific histologic
changes (2,106} or nondescript "degensrative changes" in the
nucleus and cytoplasm of the cancer cells, which, however,
seldom occurred to an unusual degres {2). According to Emerson
‘et. al, (33), the morphologic changes occurring in mammary tumors
regressing on steroid therapy are similar, regardiess of whether
androgens or estrogens are used, In two cases of mammary
carcinoma, Haddow, et. al. {42) noted disappoarance of mitoses
and diminution of cellular staining affinity after estrogen therapy,
In an addendam by Koller (59), after ons month of stilbestexol
therapy, the frequency of ocecurrence of potentially dividing Feulgen-

positive chromocenters in tumor cell nuclei deeressed from 12-27%



to 4,0.7,5%; cell division rate decreased from a maximum of
7.5% to 4.6%; and the frequency of degenarated cells increased
from a maximum of 2, 5% before therapy to 12% after one month

of stilbesterol, Mitotic abnormalities consisting of thick short
chromosomes which formed no equitorial plate at the metaphase,
multi.polar spindles, and nucleolar vacuolation suggested that

the primary effect of stilbesterol may be on the tumor cell
nucleus, Hermann et. al (47) noted unusual vuclear irregularity
and hyperchromatism, abundant mitoses, and unnsually abuandant,
slightly granular eytoplasin in the one case of seventsen previously
untreated mammary cancers which showed cytologic change
following therapy with sstradiol. Nothing unusual in the original
tumor was noted, Emerson, et, al (31} and others (718) have
observed that in the early stages of tumor regression after

sex steroid hormone therapy, the degeneration of neoplastic cells
was accompanied by fibrous proliferation and gollections of plasma
colls and lymphocytes near the necrotic foci. In 33 cases of
primary cperable breast carcinoma treated with sstrogens or
androgens for four weeks prior to radical mastectomy, Godwin
and Escher (38} noted no pathognomonic histological changes
although in some instances, cytoplasmic vacuolation was more
prominent than might have been expected in untreated cases,
Grossly, Nathanson (78) noted translucent, edematouns softening of

the tumozr mass followed by shrinkage with an opaque, silky,



white, fibrotic appearance of the tumor mass after estrogen
therapy. The gorresponding migrescopic picture consisted of
edematous loosaning and dissolution of the stroma surrounding
the gancer csll clusters followed by separation of the cancger
eells from the clusters sc that they came to lig fres in the
tissue spaces and often showed nuclear and ¢ytoplasmic
“degenerative change"., Lymph node metastases showed cystic
degensration of the tamor cells, Emarson, ot. al, {32) made
similar observations and concluded that hormonsally induced
regression involved both alteration of tumor stroma and
destruction of tumoyr ¢ells, The latter phase was characterized
by tumor cells with swollen, pale, vacuolated cytoplasm and
karyolytic or pyknotic nuclei, Fragmentation and disintegration
of the cytoplasm was fcllowed by similar degenarative changes
in the nucleus.

Whether degenerating tumor cells disappeared by lysis or
phagoeytosis was not determined,

Data given regarding the specific hormones used for
treatment, whethey androgeni¢ or estrogenic, was scanty. In
a later report, Emerson (33) resffirmed his previous findings
and noted that in foef of primary breast cancers undergoing
hormone induced regressions there is an apparent persistonce
of viable cancer cells particularly in lymphaties and ducts,

Also, there was a slight tendency for neoplasms with more



abundant stroma to show more extensive hormonally induced
repression, Most of the tamor successfully treated had
scirrhous foel, and elastic tissue hyperplasia was marked in
all but one of the tumors that responded to therapy.

By comparison, Huseby et. al, (54) noted that the effect
of estrogen therapy on the normal breast tissue of patients
with advanced mammary carcinoma is mainly stimulatory,

In 34 of 36 treated postmenopausal patients an increase in
cytoplasm and nuclear size of the epithelial cells occurred,
with epithelial proliferation and elongation, and with extension
and proliferation of small ducts, The formation of new lobules
and proliferation of inter-lobular collagenous eoamctiv§ tissue
was counsiderable, No correlation was found between the degree
or type of epithelial cell proliferation and the response of the
cancerous epithelinm to the hormone,

Although both normal and neoplastic haman mammary
tissues have been ;.mn in vitro by several different workers
{11,17,19, 21, 36, 56, 80,108), there are few experiments which
explore the etfects of testosterone on mammary cancer in vitre,
Heuson and Legros (49) incubated mammary carcinoma tissue
for 90 minutes in Lalmcim-cm in the absence and presence of
varying concentrations of testosterone, They demonstrated

& 21.36% inhibition of radioactive leucine uptake in the mammary



cancer tissue treated with concentrations of testosterone of

100 micrograms per 3 ml,, compared with controls, Kellner
and Tureic (57) cultured buman mammary cancer cells for 72
hours in a medium containing 200 micrograms per mi, of
testostercne, Variable results, sometimes a total explant
destruction, and sometimes & simulatory effect similar to

that obtained with low concentrations of estradiol, were obtained,

The effects of testosterone on the normal mammary gland
of the rat were first reported by Selye, et. al. in 1936 (95).
Crystalline synthetic testosterons bengoate injected in doses
of 200 micrograms daily for 2 to 3 weeks caused a slight
development of mammary tissue and marked milk secretion
in immature male and female rats, both in the presence and
in the absence of gonads, Recent studies (4, 5) reaffirmed this
and showed that topically applied testosterone can stimulate
lobulo-alveolar development in mature, gonadectomized male
and female rats,

One of the first reports {rom which the effect of
testosterone on rat mammary cancer could be implied was that
of Heiman and Krehbiel in 1936 (46). They demonstrated that
the percentage of successful homologous transplants of
mammary fibroadenomas into male rats could be doubled by
castration. Later, Heiman (44, 45) reported that injections of

testosterone pr@ianaﬁe not only significantly decreased the



percentage of takes of transplants of mammary fibroadenomata
in rats, but it also markedly increased the frequency of transition
‘of transplanted fibroadenomas to fibromas or sarcomas and
inhibited the growth of the glandular components in transplanted
fibroadenomata, Testosterone propionate was felt to inhibit the
counective tissue elements of these tumors as well as the
epithelial eom@oﬁint whereas estrogen stimulated the Qpimnum
and @id not inhibit the connective tissue elements, Millar and
Noble (70) also noted that testosterone had 2 suppressive effect
on the growth of grafted rat tumors, Mohs (71) on the other
hand, could demonstrate no effect of physiological levels of
androgens on the transplantability and rate of growth of rat
mammary fibroma and adenofibroma, Also, no effect ou the
percentage of takes of tumor transplants was noted either in
castrates of either sex mcciﬂug esogenous uituutemnc or in
castrated males receiving no tmgsaaﬁs testosterone (12).
Dunning (27) recently reported that testosterone treatment
not only stimulated growth of tnupimﬁd' R3230 rat Mary adeno~
carcinoma, but appeared to stimulate stromal growth while reducing
the gianda to a relatively benign appearing single layered
structure. Tumors transplanted into males characteristically
developed areas of metaplastic squamous epithelinum v;itk
occasional squamous pearl formation, Shay, et. al. (96) noted

that methyl-cholanthrene induced mammary tumors in male rats
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oz in testosterone treated fomale rats were predominantly of the
spindle cell and collagenous type, in contrast to a predominant
glandular tumor form in female rats or male rats given estradiol,
Tumors éculopiag in gonadectomized male and female rats
in which male and female sex hormones were experimentally
balanced tended to be of the mixed or fibroadenomatous form,

Huggins and co-ﬁorhrn {51, 52) have phnin that while
testosterone and many testosterone -derivatives can profoundly
retard thQ growth of transplanted benign mammary fibroadenomata
of the rat, certain steroids closely related to these androstane
inhibitou accelerate tumor growth, The nature of the effect,
whether stimulatory or inhibitory, appears to depend on the
molecular structure of the steroid. The androstane compounds
which caused either the restraint or promotion of tumor growth,
had the common property of inducing proliferation of tha normal
mammary gland components,

Glenn and co.workers {37) have demonstrated a consistent
gvro-th inhibitory effect of testosterone propionate injections
on hormone sensitive }rat mammary fibre s.-.ﬁ-namas trampinud
into other female Sprague-~-Dawley rats, They found no
correlation between the uﬁmtiwmn of a testosterone -&xﬁmt&u
(androstane compound) as & tumor growth inhibiting agent and

its androgenic activity, While mammary fibroadenomata of
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Sprague-Dawiey rats are generally hormone «sensitive tumors,
they may become insensisive to the normal growth inhibitory
niieéz of testosierone and some toawgttmu-nrivatiht. yeot
still remain uﬁniﬁvc to other testosterone~derivatives.
m:houjh the testosterone-resistant tumors often grew faster
ﬂum the uutésumm»unsiﬁn tumors, their growth was still
markedly depressed by combined andrenalectomy and ovariectomy,
Testosterone propiionate was showa té mevely halt the
pwgﬂssicn of tumor growth, It did not bring about death of the
tumor gelis, regression of mﬁr ;rwth. oz '*#narhﬂy'
discernibie histological differences between tumors from control
and treated animals”, Withdrawal of testosterons Mnintrtuon
following mariked testosterone induced inhibition of tumor
growih, resuited in the tvwmor resuming its original growth
pattern (37).

Ons of the first reports on the effect of testosterone on
mouse mammary tumors was that of Nathanson et, al, in 1939 (79).
Grossly tumor free 4 1/2 month old C3H female mice were
given twice weekly injuﬁm- of testosterone proprionate, A
marked decrease in the incidence of mammary tumors was
uoted, aithough tumors once present grew at the normal rate,
Testosterone administration to mice with pre-existing tumors

had no effect on tumor growth rate, They concluded tﬁat
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testosterons proprionate given before development of the
mouse mammary tumor will prevent its development,
However, once & mammary tumor is formed, it is unaffected
by testosterone. Miuhlbock (77)noted no tumor regression
gither in C3H mice with the milk factor or in C3IHf mice with
2 low incidence of spontanecus mammary tumors without the
milk factor, regardiess of treatment by castration, ovariectomy,
or testosterone pellet implantation, Similarly, Sugiura and Sugiura
(162) noted no effect of testosterone proprionate in vivo in mice
against eleven different transplanteble mouse tumors including
mammary adenocarcinomas, More recently, Podilichak (86)
treated one group of virgin C3HA mice with testosterone
proprionate from age 2 to 2 1/2 months until age 9 months,
another group similarly beginning at age 7 months until age
15 months, and a third group with combined castration and
androgen plus ¢orticosteroid treatment, beginning at age 5 1/2
to 6 mouths, In the first group, some inhibition of spontaneous
tumor development was noted, with the tamors in treated mice
developing at 13 to 21 mouths compared with 8 to 14 months
in controls. Ian the second group some delay in tumor appearance
in treated mice was observed. A marked delay in tumor
development and & decreased incidence of tamoyr formation was
noted in the castrated mice treated with testosterons proprionate

plus corticosteroids. Glenn, et. al. (37) injected suspensions of
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MIUSE MAMINATY car:inuma ints 19 to 12 week old C3H male
imice and begun treabment cue dey later with testosterone
preprionate. No effect oa tumor grdwt& rate was noted, In
similar experiments progesterons, leateéitrcﬂ;ahm, growth
hormone, estradiol, deosycorticostercne, and pregnant mares'
serurm. genadotropin had no significlat effect on turcorx growth
ratas, ©On the sther hand, adrenocortigntrophin {ACTH),
predniscions, and cortisol delayed tumor growth, but mee
treatment was vrithdrawn the tamor preceeded to develop
noxmally,

The results obtained from cortisone treatment of mice
with trassplanted mammary tumors are varied, Some workers
have noted no inhibitory effect for cortisone acetats {12,101,102)
or ACTH (39, 99,104). Other workers have observed that
cortisone acetate {3, 39), cortisol (99), hydrocertisone acetate
(94, 99), ACTH (99), 22d predniselone (94) inhibited mouse
mammary tamor growth, Although ¢ortisons acetate treatment
hes been shown to induce a significant increase in the fraquency
of metastatic spread of the mouse mammary tamor {3,12), even
the growth of these metastases iz lvhibited by cortisone,
similar to the original tuunor (12). While complete tumor
destraction is not obeerved, cortisone hag heen shown fo induee

morphologie changes in mouse mammary tumors ingluding
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hemorrhage and necrosis with disorganisation of tumor
architecture, detachment of cells, and nuclear pyknosis (67).
The body tissue wasting effect of hydrocortisone acetate,
cortisol, and ACTH can be counteracted by simultansous
administration of prolactin and/or growth hormone without
altering the growth inhibitory effect on the tumor (66, 99).
Martines and Bittner (68) demonstrated that bilateral
adrenalectomy alone or combined with ovariectomy produced
mammary tumer regression in only a small percentage of a
group of mice of different strains, Similar results occurred
in hypophysectomized mice. The tumors in the large majority
of mice continued to grow progressively in spite of such
treatment,

Gioui, et, al, (37) after considerable testing, concluded
that steroids active against the testosterone.-responsive
fibroadenomata of the rat were not active against the C3H mouse
mammary adenocarcinoma, Likewise, stercids effective against
the CIH mouse mammary tumors were not effective against
the rét mammary fibroadenomata, Only one steroid was
effective against the C3H mouse mammary adenocarcinoma and
the testosterone-resistent rat mammary fibroadsnomata, namely
6 alpha.methyl-9 alpha-flaoro-17 acetoxy-21l-diexypredanisolons,

Further, only those Cz} steroids that were effective glycogenic
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agents in adrenalectomised rats were effective anti-tumor
agents in C3H mice, Glenn et. al. concluded that inhibition
may therefore be merely a metabolic effect and that the

mouse quantitatively and gualitatively differs from the rat

as far as C2) steroid effects are concernsd. The levels of
steroid necessary to induce 90% to 100% depression of mammary
tumor growth in mice were near the toxie level for those
substances and often produced sick hosts,

Rivera*® noted toxic effects of many steroid hormones on
organ cultures of C3H/Crgl mouse mammary tumors
maintained for five days in basal medium 199, with hormones
added. Cortisol, corticosterone, and deoxycorticosteroune
were toxic at concentrations of 100 micrograms per ml,
Aldosterone and gholesterol were partially toxic at
aouemtxéﬂonu of 200 micrograms per ml, Progestarone
was toxic at a gconcentration of 75 mierograms per ml,,
partially toxi¢ at 5 micrograms per ml,, and non-toxie at 1
mierogram per ml, The acinar structure of the tumor was noted

to be better preserved in adrenal steroid enriched media than

* ?otnow aammlﬂewon. 1963,
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ovarian steroid enriched media, Tumor explants cultured
in stercid free 199 consistently showed central necrosis
and a peripheral rim of viable cells; even very small explants
ahawiu a ¢entral necrotic portion. In the degenerating tissue trea-
ted with toxic doses of steroid hormones, not ail cells were in the
same stages of degeneration at the same time, The nffacﬁs of
testosterone and testosterone~derivatives on the growth of
tamors in rats and mice has been summarised by Drill {26).

As mentioned earlier, testosterons is used in the treatment
of mammary ¢arcinoma in the human, Experimentally, in
mice and rata it bas been found to alter the course of tumozr
growth, However, it has not been well demonstrated that
testosterone has any direct effect on mammary carcinoma
cells, The main purpose of this experiment, then, is to attempt
to demonstrate the direct effect of testosterone on mouse
mammary carcinoma cells }& iiff..';. in a synthetic media, as
manifested by ¢ytomorphologic changes,

The specitic aims of the experimental work are:

1. to determine whether ox net tasulin and/or cortisol
help maintain the eytomorphologic characteristics of mouse
mammeary adenogareinoma in organ culture.

2, determine whether or not either testosterone or
cortisol has a toxic effect on mouse mammary carcinoma in

organ culture in a chemically defined synthetic medium,
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3. to determine whether or not the toxic effacts of
testostarone or otherhormones, if present, can be maﬁfhd
by the addition of other hormonss,

4. to determine, whether or not the toxic effects éf
testosterons, or other hormones if present, are associated with
characteristic alterations in the fine structure of the tumor
cells by electron microscony.,

8. to determine whui elfects, if sny, the above procedures
have on the characteristic virns.like particles previously

deseribed in electron micrographs of these tumors,
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Materials and hiethods:

Retirved female breeder mice of the mammary tumor bearing,
mammary tumor virus-infected C3H/Crgl or CIH/IAX strains
were used. #‘-zte six snimals were kept in sach cage. The diet
consisted of Puring mouss breeder chow and water, ud lib, Mice
with tumors measuring 0.5.0.8 cm. were selected for culture,
ansesthetized with ether or intra.peritoneal sodiam pentobarbital (53),
washed with 70% or 95% ethasol, and pinned out on & dissecting board.
A midline, ventral skin incision extending from the tail to the head
was made using sterile instruments, and the skin was carefully
retracted to expose the tumor. A small (0.5 e, ) fragment of tumor
 was removed using & sew set of sterile lnstrumeants sad transferred
to & deep well Maximow slide containing medium 199 with added
antibiotics. The slide was placed in & Petri dish to protect ita contents
from dust, ete. The most desirable tumors for culture were 0,5.0,8
cm, in diameter or smalles, firm, plak.white, and {rvee of abscesses
or hemorrbages. Explants {rom such tumors were gensrally composed
of uniforn: glandular pareachyma without scar tissus,

Using » binocular dissecting microscope, fine forceps, and
cataract sissors, explants of mammary um measuring 1/2 to
1l mm, ia diameter were cut {rom the {ragment of tumor, Dissection
was carried out on the ground glass surface of the Maximow slides
with the tissue smersed in 199 (with antibiotics) to prevent drying,
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Explaats were kept on the ground glass slide surface in a drop of
medium until & sufficient number had been cut to prepare all of
the culture plates,

Eech culture plate consisted of & 9 cm, Petri @lsh with
3 pleces of Whatman #2 filter paper ou the boitom dish (lig. 1).
A pyrex watch glass, measuring 6 cm, in diameter was placed on
the filter paper. One cc, of culture mediocx coutalaing the desired
concentrations and combinations of hormones, cholestersl, ethanol
and antibictics was placed ia the watch glass. A cirele of silicone
treated, special lens paper, messuring 2.5 em, in diameter, was
placed on top of the medium, The explants were carefully positioned
on the lens paper in ordey to achieve uniform spacing. Each plate
had 4 to 6 explants {fig. 1). The surface of the lens paper ficat was
geutly pressed with the forceps to aid penetration of the uanderlying
medium through the pores of the lens paper. This was done in
order to obtain & § v 2 mm, riag of medium ayouad the explant,
with the meniscus of the medium just reaching the upper surface of
the explant (fig. 1), These details were checked with the binocular
microscops. Transier of the explants was done most ensily by
picking them up in & drop of {luid in the tips of the tine forceps, then
lightly souching them to the top of the filter paper float, The forcep
tips weze kept far enough apart 80 48 not to ¢rush the explant,

Plastic spacers, 1 mm, thick, were used to separate the halves
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of the Potri dish to facilitate gaseous change (tig. 1). The prepazed
plates were then placed in a polysthylene tray with a transpareat
aiy-tight cover, Kech tray accommodated 6 to 12 plates. The

trays wore then placed in & water-jacketed copper incubatoy mafn.
tained at 35° to 37° €. The tray wae continucusly perfused with a
mixture of 95% oxygen and 5% carbon diomide, st a rate sufficient

to maintain the pH of the culture medium at 7,2 to 7.6 as judged

by color cosuparison of ite phenol red jadicator with known standards.
Humidification in the culture vessel was maintained by bubbling the
gaseous mintare through starile distilled water prior to passing

& through the calture chamber and by saturatiag the Whatman

filter paper o the bottors of the Petri diah with approvimately 4 ml,
of storile distilled water, Som:e prelimisary cultures were incubated
for periods up to 12 daye snd the mediam was changed at 3 day
istervals, The medium change was accomplished as follows: The
filter paper float was firet gently teased to the side of the watch glass
with the needle tip of 2 disposable plastic syriage. The medium

was removed (rom the watch glass with the syriage. Fresh

mediun was then added with clean, sterile syringes end the float
was teased back into position, All of the oxgan culitures reported

in this paper weve for periods of three days or less, 5o no medium
change was necessary,

For light microseopy, the lons paper floats with tissue still
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attached were {ransferrved with the aid of forceps to a clean vial

to which Bouin's fizative solution was added. The tissue was

{ixed for 8 to 12 hours and dehydrated according to the following
schodule: 70% ethanol for 8 to 12 hours, 95% ethanol for }/2 to

i bhour, 100% ethanol for 1/2 to | hoar, 100% toluol for 1/2 to

1 hour and molten embedding wax for 2 to 4 hours. The wax

used consisted of nine parts of histowax (melting poiat of 54° to

56* C) and one part of bayberry wax. Eosin was added to the

70% aleohol used in the initial dehydration step in order to lightly
stain the explants and render them more visible; this procedure
minimined tissue loss (uring the dehydrating and embedding process,
For conveniencs, the tissues may be stored in 70% alcohol for
several days without ii§ effocts, Tissnes were embedded in wau

in disposable plastic molds, and serial sections wers cut at 7 microns,
Entire explants were serianlly sectioned and mounted.

For electron microscopy the lons papey floats with attached
tissue explants were first removed from the mediam and placed on
& glass plate. The explacts were then teased from the tilter papesr
with & spatula and plaged in cool 1% camium tetromide for 2 hours,
Debydration was accomplished in 70% ethanol for 20 minates, then
95% ethanol, The tissues were stered in 95% ethanol for one to
seven days, embedded in Epon, sectioned at 50 to 100 millimicrons,
and viewed io aa RCA-EMU 3G electron microscope.



The (ollowing procedusres were used for washing and
sterilizing glassware, All glassware was rinsed in tap water
immediately after use, Pipettes and watch glasses were treated
with aleoholic potassivm hydroxide aclution for one hour., The
alcoholic potassinm hydroxide was prepaved by dissolving 100 gms,
of reagent grade potassium hydromide in 100 ml, of distilled
deionized tap water, then @luting 1110 with 95% ethanol, The
glassware was rinsed agsin in tap water and boiled for two hours in
& stainless steel bucket containing tap water and 7 to 10 gms. of
sodium carbonate, The bucket and its contents ware allowed to
cool overnight, the su:‘rce scum was floated off, and the glassware
was rinsed several times with tapwatey added to the bucket. Each
individual Petri dish was rinsed 15 to 20 times on both surfaces
under repidly fiowing tap water, and then placed in a drying rack,
Clean rubber gloves w #re used for handling and rinsing glassware,
The pipettes were rinsed in a pipetie washer for one to two hours
and then 4 -led in s oven, The watch glasses were rinsed under
rapidly flewiag tap water with gloved hands for about 1/2 minube,
followed by 12.15 rinses with distilled, deionised tap water, The
wateh glasses were then soaked for about 1 hour in two or three
changes of distilled, deionimed tap water, and placed on & rack to
dzy. The deep well Maximow slides were washed and riased in the
same monney as the watch glasses. Afler drying, the culture and
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dissecting plates were assembled with gloved hands and placed in
stainless steel canisters, Two dissecting plates (each with two
Maximow a!iioi) and eight or ten culture plates occupied each
canister, The 10 ml, it \ b pipettes were placed in separate
steel canisters, All glassware vin then sterilised by dry heat in
closed canistars at 160° G to 180° C fo r four hours.

Circlas (floats) of lens paper {G.T. Cuarr, Led., London)
a&mﬂu about 22mm. in @ameter were made by means of &
cork punch, Ths floats were treated w«nﬂu to the following
procedure: (1) The floats were separated and spread out on the
bottoms of Petri dishes which had been washed by the procedure
previocusly described. About 20 floats were placed in each dish to
avoid excessive overlapping and crowding. (2) Floats were washed
under & m in three dnpa‘ of anhydrous ether (reagent grade)
changed at one-hall hour intervals, A hood was not necessary if
the dishes were tightly covered with aluminum ofl, aud the room
was well ventilated. Containers were agitated brisfly at § to 10
minute intervals during all washing periods. Wash solutions were
changed by carelul decanting. (3) Floats were washed in three
changes of 95% ethanol, changed at one-half hour mmntn. {4)
Floats were washed in five changes of distilled deionized tap water,
changed at fifteen minute intervals, (5) The floats were allowed to
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soak overnight in distilled, deionimed tap water. (6) Floats were
then rinsed in a I to 1000 dilutiva of a water-soloble silicons
{"siliclad", Clay-Adaums, Ing,, New York) for about 30 seconds, or
until completely permeated by the solation, (7) Steps 4 sud 5

were then repested. (8) The floats were then dried is the incubator
at 37° C overnight, stored in & clean, covered Petri dish, and
sterilised Lnunediately prior to use, Steriligation wes aceonplished
by dry heat for two hours at 160° C,

The hormones used were amoyxphous insulin {(El Lilly & Co.,
lot nurmber W.1282, activity = 21 units per ing. ), estradicl <17 beta
(Schering Corp., lot sumber 1./ MA-97, MS-51975), progesterone
(Schering Corp., Lot l- MA.T4), cortisol (Merck, Sharp & Dohue),
and erystalline testosterone {Schering Corp., lot number M6«
Ei+1-X)., Ths stercids were ia the unesterified forn:, Ash (ree,
cheirically pure cholesterol was used. The appropriate amouuts of
cholesterol or hormons, usually | or 3 mg., were weighed in
acetone ~washed, aluminai: foll, disposable pans on a Cahn
Elsctrobalancs, All measurements were accurate to within 0, 04 ug,
After weighing, the substances were carefuily transferred with
acetone .washed {orceps to sterile disposable polyethylene test tubes,
Each tube was covered with an alr tight sealing cap and stored at
roou: texperature until used, For individual experiments, stock

solations of the desived substances were :nade by bringing them into
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solution with & few drops of the appropriate agent, and then

diluting to the desired concentrations with calture medium: containing
antiblotics, For steroid hormones and cholesterol, approximately
0,03 to 0,05 ml, of 100% ethanol was needed to dissolve 1.0 mg,

of hormone, For amorphous insulin, approximately 0.02 to 0,03 nl,
of freshly prepared 0, 0001 normal hydrochloric acid was sufficient
to dissolve 1,0 oy, of hormone, The dilute hydrechloric acid
solution was {reshly prepared each time using a clean, sterile

100 ml, volumetsic flask and | ml, pipette. One ml, of a 1.00 N
stock soluticn of hydrochloric acid, stored in a plastic bottle, was
serially diluted to obtain the desired concentrations. OUnly sterile
distilled deionized water was used,

The tissue culture medium enployed was synthetic *199" (76}
with phenol red and bicarbonate buffer added (obtained from
mieroblological Associates or Hyland Laboratories). The medium was
received in 100 mi, bottles. A fresh bottle was used for each
experiment,

Vials containing one million anits of potessiw: penicillia.C
and 1 g, of streptomycia sulfate were obtained fromn the hospital
pharmacy, The antiblotics were diluted with medium 199 or with
saline or distilled water to make a stock solution containing 10, 000
units of potassium penicillin.G and/or 0,01 gms, of streptomycin

sulfate per ml, A 1mi, aliquot of this solution was then added to
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a fresh bottle of medium 199 coutaining 99 or 100 s¢, of fluid, Thus, a
final aatibiotic concentration of about 100 units of penicillia and/fox
microgranis of streptomyein per ml, of medium 199 was obtained,

41l serial dilutions and hormone mixtures were prepared is a
tissue calture hood, using washed sterile pipettes and sterile
disposable polyethylens test tubes, Sterile, dlsposable syringos and
needlos were omployed to transfer the culture modinm to the wateh
glasses, The tissue culture hood sad surrounding counter areas,
shelves and floor were washed with 70% ethanol immediately before
au experiment was done. The hood itself countained an aitraviolet
light which was left on when the hood was not in use,

The order in which the parts of the experiment were usually
carried out was as {ollows: (i} Plan the emperiment, including the
namber of plates to be used and the hormooes needed, {2) Prepare
and sterilize the necessary plates and filter paper floats. {3)
Weigh the needed horuones. (4) Wash the tissue culture hood,
conanters, and floor with 70% aleohol. (5) Prepare the medium and
the hormone mixtures. (6) Prepare the tissus culture plates,

8. A4 4 ce, of sterile distilled water to soak the Whatman filter
paper in each cultare plate. b. Addlml, of the culture medium to
the watch glass, e¢. Place the siliconized filtey paper float oo the
medium in the watch glass. d, Plsce the alcohol sterilizsed, air.
dried, plastic spacer over the rim of the Petri dish, e, Place the
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plates in the polyethylene tray and squilibrate in the incubator
with respect to the gassous minture, humidity, temperature, and pi,
f. Select and anesthetisze the mouse. Prepare the necessary explants,
h., Load the calture plates and return them to the incubator.

The following is a brief summary of the material and methods,
The Chen modification of the watch glass techuique of organ culture of
Fell and Robinson was used. Sterile explants of mouse mammary
careinoma measuring 1/2 to 1 mm, in dameter were obtained from
retired breeders of the C3H strain, The explants were maiatained in
organ cultures for periods up to three days using chemically defined
medium 199, both with and without ndded hormones., At the end of
the éulmn period, the explants were harvested and prepared for
viewing. For light microscopy, tissues were fined in Bouin's solution,
stained with hexatoxylin and eosin, aad serizl sectioned in their
eutirety. For electron microscopy, tiasues were fized in buffered
1% osmium tetromide and embedded in Epon. By light microscopy
morphologic changes were ovaluated so that degree of survival of
the explant could be estimated. Criteria for judging emplant survival
were (1) maintainance of the architecture of the tumor,and (2) the
relative sumber of karyolytic, pykaotic, and karyorrhexic nuclei,
4 ratiag scale from U to 6 was used, with 0 representing complete
necrosis and 6 represeating complete survival, Allowances were
made on the basis of experisnce in obhserving large swmbers of explants
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for the not uneom.on finding of central uecrosis and/or peripheral
necrosis, Peripheral necrosis is probably due to submersion ia the
fluid u.edivmn andfor trauma in haadliag, while central necrosis
may be due to relatively poor diffusion of nutrient culture mediun:

and oaxygen inte the centrzl portion of the explant :nass.
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Aesults: Light Microscopy The morphological effects of tue various
hormonal comnbinations and conceatrations were evaluated by
eomparing the histology of the explants with the original, untreated
mouse manunary adenoearcinomas. The histclogical patteras of the
original 10 tusmors used for the preseat experizuent varied considerably.
Most tac.ors formed aeini; somne formed eysts, solid nests, sheets,
trabeculas, papillary formations, or various con.bloations of these
{fig. 2.9).

relatively small tarsors, measuriang 0,5.0.8 em,, were selected
for organ culture when available, Tumors of this sizse range were
com:posed predominantly of aciui or solid nests with very little stroma,
Cross sections of sn.all acini revealed about §.12 cells of relatively
uaniform sise arranged about a uutzi! lamen {fig. 2,6). Cytoplas::
was eosinophilic and finely granular. Oeecasional eu:pty eytoplasmiie
vacuoles were present; these presumably represeuted lipid droplets
rewmsoved by fat solvents during the preparation of the tissues, Nueclei
were usually round or oval and varied slightly i sise, Chromatin
was deeply basophilic and tinely granular, Nucleol were {requently
inconspicuous, Mitotic figures wore numerous md oceasionally abnormal,
Pyknotic, karyelytic, and karyorrhexic nuclel were rare. Acinar
lumens someti:nes coutained small amounts of eosinophilic material,

Clder neoplasns {over | ¢, in dlameter) were loss desirable for

organ culture because they showed more variable histological patterns,
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degenerative changes, and uneven stromal fibrosis (fig. 5,7-9).
Lerge sonss of necrosis aod hemorrhage were sometizes present,
Although these sones were avoided in selecting tissue for explants,
& greater number of karyolytic, pykaotic, and karyorrhexzic nuclei
‘mu observed than in the small tumors. Maay of the oldey tumors
were composed largely of solid nests or sheets of epithelial cells,
Some had extensive zones of strom:al fibrosis, In general the
quantity of fibrous tissue in the stroma appeared to increase with
the size of the tumor, Epithelial "pearls”, consisting of concentric
whorls of flattened cells with eosinophilic cytoplasm, were
occasionally observed. The "pearls" were usually foand in the
central portions of solid cell nests or acind (fig. 9).
Figure 10 depicts normal mouse mammary gland for comparison
with the sections ~f adenocarcinomas showsn in figures 2 to 9.
Control tissue explants were maintained for 1 to 3 day periods
in mediam 199 alone {fig. i), in medium 199 plus 0.8% or less
ethanol {fig. 12), or medium 199 plus 0, 3% ethansl plvs 50 micrograms
per ml, of cholesterol (fig. 13). These coatrol preparations were
histologically indistinguishable from each othey and differed from the
original tumor only in that a few seattered karyolytic and pykaotic
nuclei were present. Tissue patterns (acinar, solid vests, trabecular,
etc. ) wers well maintained throughout the culture period.
In addition, the control cultures and cultures maintained in the

lower concentrations of testosterone (0.1 - 0,1 micrograms per mi, )
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sometimes showed vary subtle morphological changes which were
judged to be & non.specific effect, perhaps due to the culture
procedure (fig, i1.18), Nuclel were sometimes slightly swollen
with an increased coarseness of their chromaetin pattern, Both
nuclei and cytoplasy: were sometirmes paler staining than in the
original tumors, These changes were readily distinguishable frem
the prominesnt karyolysia observed in the cultares maintained in
testosterone {s.g§., g, 16), and tended to disappear when the
mediur: was sanriched with lnasulin and/or cortisol {fig. 20+24,42).

The results of the experiments are summarised in tables
1 and Ii, using & grading system from O to 6, with 0 representing
total necrosis and & representing complets maintenance, i.e.,
the explant was ssseantially indistingauishable £roiu the orviginal
tumor, Each explant was rated individually for degree of survival
after completely studyiag all of the serial sections, The survival
ratings appsar in the column heoaded "Survival” in hoth tables.
Fortanately, the range of response of well selscted twmore to the
various individual control sad hormonal media was generally
narrow and reprodacible,

As previously mentioned, the control tissues {199 alone, 199
plas 0.8% or less ethanol, and 199 plus 0, 3% ethanol plus 50
migsrograms per mi, of cholesterol) were indistingaishable frou:
each other, and closely resemble the original tumor except for
the presence of 2 few karyolytic and pykaotic nuclei,
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The explants cultured in medium contatuning 0.1 micrograms per
wl, of testosterone (fig. 14) showed no significant morpholegical
difference from the controls (fig. 11.13) (table I). With as little
as 1,0 mierograme per =i, of testosterone in the medium, definite
morphologic changes were found in explants {rom older tumors after
one day in cultave (fig. 15). These consisted mainly of an increased
sumber of auclei showing pyknosis, karyolysis, and karyorrhexis.
Karyolysis was more frequently observed than pyknosis, With
10 to 50 micrograms per mil, of tastosterone in the medium, there
was & definite increase in the number of degenerating and necrotic
cells, regardiess of whether the explant came from 2 young or old
tumor (fig, 16,17). Exmplants from older tumors showed slightly
move degeneration and necrosis, resulting in a wider renge of
explant sarvival, Also, the central areas of explants and of tamor
cell nests within explants were frequently the firet arens to show
degeneration, The neoplastic epithelial cells attached to the base.
ment membranes of the acind on the periphory of the tumor were the
last to dle. Councentrations of testosterons of 50 micrograms per wl,
or graater cousistently produced total degeneralive change and
necrosis after 2 1/2 to $ days in culture (tig. 17-19 (table 1),

The sffect of testosterone on tumor explants was modified in
part by the addition to the medium of insulin and/or cortisol

{table II), Whereas 50 micregrams pey ml, of testosterone
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produced complete necrosis at 3 daye (fig. 17), addition of 50 to 100
microgramas per ml, of amorphous insulin resuited in survival of
explants at the 4 (fig, 26) to & (lig. 27) level (see grading systemn
in Materiols and Methods), Combinations of 200 or 5 or 1
micrograms per wol, of insulin with 50 micrograms per ml, of
testosterons resulted in survival at the 0 to 2 level (fig. 28-30).
Combination of 50 or 5 micregrams pér ml, of insulin with 100
micrograme per ml, of testosterone resulted in survival at the

0 to L level {fig. 51,32), Combinations of 100 or 50 micrograms
per ml, of cortisel with 10 micrograms per ml, of testosterone
resulted in survival st the 5 to 6 level alter 3 days (fig. 33, 34),
in contrast to survival at the 2 to 3 level after 3 days in medium
containing 50 micrograms per ml, of testosterone alone,
Combination of 10 microgrames per ml, of cortisol with 10 miero-
grams per ml. of testostsrone resulled in survival at the 4 to 5
level (fig. 35) (table II). Combination of 100 wicrograms par ml,
of cortisol with 50 micrograms per ml, of testosterons vesulted
in survival at the 3 to 4 level after 3 days {fig. 36) in contrast to
complete necrosis of the explant oceurring after three days in
medium ¢ontaining 50 micrograms per ml, of testosterone alone,
Combinstion of s:naller amounts of cortisol (50 or 100 micrograms
per ml, ) with 50 micrograms per ml, of testosterons resulted in
uo signiticant enhancement of survival (fig. 37, 38). Explants
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maintained in concentrations of cortisol from 1 to 50 nderograms
per ml, survived st the 5 to 6 level after 3 days (lig. 22.24) (table 11).
Explants grown in 100 micrograms per ml, of cortisol alons showed
survival at the 4 to § level after 3 days (fig. 25) in contrast to
control tissues which survived at the § to & level,

Explants maintained in medium cmﬂpg insulin, cortisel,

and testosterone in concentrations of 100, 25, and i {or 10)

‘mierograms per ml,, respectively, survived at the 6 level (fig. 39,

40) (table II). However, explants cultured in medium containing
insulin, cortisol, and testosterone in concentrations of 100, 25, and
100 micrograms per ml., respectively, were completely necrotic
after 3 days (fig. 41) (table 1),

In general, the simultanecus addition of insulin and cortisol
{or to a slightly lesser extent, either hormone alone) to the eulture
medium resulted in » more healthy appsaraace of the nsoplastic
cells at the end of the culture }iﬁn‘. This was manifested by a
lack of the slight nuclear and eytoplasmic changes previously
meutioned a3 occurring in the control explants or in explants
maiatained in 199 plus low concentrations of testosterons. The
tissues maiatained in 199 plus insulin plus cortisol closely resembled
the original cells, with epithelial adherance to the basement
membrane, maintenance of acinar pattern, absence of nuclear and
cytoplasmic swelling, and everall persistence of eytoplasmic and
nuclear characteristics of the original tamors, Karyolysis was
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moderately prowinent in cells :aintained in medivin 199 containing
high concentrations of testosterone plus 50 microgram:s per ml, of
cortisol (fig. 36,37).

The process of eytolysis in the testostorone enriched cultures
and in control cultares of explants from: old tumors were prececded
by a variety of advanced degenerative changes in the cells. These
changes appeared to vary from cell to cell, and included nuclear
swelling, nuclear pyknosis, karyolysis, karyorrhexis, increased
eytoplasmaie granulazity, prominence of the nacleolus, and peripheral
¢lu:i.ping of chromatin at the naclear mewbrane, Following cytolysis,
tragmeuts of granular eytoplasiuic and basophilic nuclear debris
remained,

It is interesting to note that in conceatrations of testosterone
of 10 to 50 wicrograms per rul,, both alone and combined with
~ {nsclin or cortiscl (in concentrations which partially enhanced
explant survival), the less degenerate colls occurred in clumps
distributed throughout the explants with interveasicy areas of complete
cell necrosis (. 5. fig, 16,174, 28, 32). Ir the higher concentrations
of testosterone (50 to 300 micrograms per a:l,) the entire explant
appeared to be undergoing degeneration and necrosis sic:ultanecusty
(e.5. fig, 17B, 18,19, 41), In this circumstance wmost of the
cells were in the same stage of degeneration and necrosis at one

tizse, except for persistence of occasional peripheral tumor cells,



as previously meutioned,

In geusral, the fibrous tissue component of the emuplants was
well maintained in both the control caltures and in the cultures
containing low concentrations of testosterone. The addition of
jnsulin and/or hydrocortisons to the medium @id not affect the
morphology of the stromal cells significantly, High concentrations
of testosterone {those which produced total necrosis of the epithelial
ceils) also produced necrosis of the stromal connective tissue
elements, Variations in the amount of connsctive tissue in the
explants did not appear to significantly alter the sffect of added
hormones on the epithelial cells,
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Elsctron Microscopy Portions of the mouse mammary
adenocarcinomas were taken for electron migroscopy st the time

when the organ cultures were prepared (fig, 44-46). The uitra-
structure of these tumors conformed to previous descriptions
(9,10). The cells were often pyramidal in shape and arranged
about a central lumen (fig. 44). Microvilll were frequently present
at the luminal coll surface. Nuclei were often irregular in outline
and displayed uneven d@letribution of electron densities, Mitochondria
wers rod-shaped with aumerous cristas, Caly minimal amounts of
membranous srgastoplasm were pressnt in most cells., The
numerous ribonucleoproteln (RNP) particies usually oceurved singly
or in small groups, The Colgi apparatus was inconspicuous and
without evidence of secretory droplet formation, As previously
recorded, numerous virus-like particles were observed in many of
the colls and occasionslly, im extra csllular positions (fig, 44-46),
Their morphology was similar to previous descriptions {15},

Control explants (fig. 47.52), maintained in 199 alone for 1 to
3 daye closely resembled the original tumosrs by slectron microscopy.
Oecasional degonerating cells were present (fig. 47). Some cells
possessed a variety of cytoplasmic laclusions of variable morphology
(fig. 48,52). Viras-like particles similar to those obssrved in the
original tumors were frequently noted (Eig. 48, 51),

The tissue maintained for 3 days in medium 199 containing
50 micrograms per ml, of testosterone consisted largely of
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of unrecognisable debris (fig. 53, 54). Nuclei, when still
recognizsable, showed irregular cutlines, iﬁcm“ is deusity, aad
lxuldit chromatin clmpa. Fragmeuts of dense muaterial were
iatespreted as remnants of karyorrhectic naclel. Swollen, avold
mitochondria were obeseyved. Many of these contained iuternal
bodies of irregular outline, high density, and sakaown composition
(tig. 53). Thelr deusity and homogeusity suggestsd that they might
be fat; however, their location within degenerating mitochondria
suggest that they may be remnants of cristae or altered
mitochondrial matrix, |

The addition of 100 micrograms of insulin to the mediam
containing 50 micrograms pey ml, of testosterone partially
protected the colls against the necrotising sutelytic effects of
testostsrone after 3 days of culture (fig. 55.57), A number of cells
interpreted as necrotic and degensrating were present, however,
The intact ceils closely resembled those in the original tamors
and in the control cultures. Occasional cells showed groups of
ergastoplas:nic sacs that were more extensive in amount than any
seen in the original tamors or in the control cultures {fig. 57).

Tissus was studied after oue day in media containing 0.1,
10, 100 and 300 micrograms per ml, of testosterons in order to
search for early degenerative chaages which might suggest sites
of action of testosterone (tig. 56-66).
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Epithelial cells which remained for one day in mediam 199 with
9.1 micrograms per mi, of testosterone (fig, 58.60) wore
indistinguishable from cells of the original tumors and from the
controle maintained in medinn: 199 alons, Numerous virus-like
particies were observed (fig. 58,60),

Ceills in media with 10, 100 or 300 micrograms perml, of
testostorone showed patchy sones of eytolysis and necrosis
intermingled with groups of iatact, apparently unsliered cells
(tig. 61-65), As in other preparations, virus-like particles wers
numerous and of the usual morphology (fig. 62). Cells with nucled
in various stages of karyorrbexis were observed in the specimens
cultured in 100 or 300 micsograms per ml. of testosterone (fig. 65).
Irvegulariy.shaped nuclei with coarse clumping of their interaal
constituents wore {requontly observed (lig, 61,63). Cytoplasm of
cytolysed ceils was generslly reduced to lazgely unrecegnizable
Gisorganined masses of granular and vacuolar debris (big. 61,83.65),
Oceasionsl colls interpretod a8 in the process of :g»iy dogene ration
showed swollen mitochondria and relatively empty cytoplasmic
vacuoles {fig. 66). The prevalence of the mitochondrial swelling,
disrupted cristae, and of dense intra-mitochondsial granules,
previcualy mentioned (lig. 53), suggested that one of the important
sites of direet or indivect action of testosterone might be in these
organciles, known to be the major localisation of the respiratoryensymes.
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Discussion: Several factors concerning the methodology of

these expe riments should be considered. A completely chemicaily
defined syuthotic maintensnce medium was used, thus avoiding

all of the complicating uaknown factors in complex, protein.eariched
media, That the medinam iteelf had little or ao toxic effect on

CIH muouse mamenary adenccarcinoma explasts is demsenstrated
mm;wmmmmﬁufuuummm

but also by the work of others (30,74, %),

It might be suggested that the experiments should have
utilised complex biclogic media on the basis that such imedia
might be more physiologic, However, according to Elias and
Rivers (30) explants of C3H mouse wammary sdenocarcinoma in
organ cullure responded in a similayr manaey to both medium 199
alone and to complex biclogle wedia coataining chick serum and
chick smbryo emtract. Furthe:, this response was aot alteved
by the addition, to either 199 alone or to the bologic media, of
various combinations and concentraticns of estrogen, progestercns,
cortisol, somatstropin, sod mammotropin, unlike normal
prelactating man.mary tissue and hyperplastic alveolar Mm
Lasfargues (60) cbeerved that chicken serum does aot favor
the growth of mouse mammary epithelinm, which may euplain
the lack of response of C3H mouse mammary adenocarcinoma
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explants to the blologic media used by Elias and Rivers,
Lasfargues further found that bamas cord serum gave the longest
servival of normal mouse mammary epitheliun, and postslated
that this finding wes a result of the high covcentrations of hormones
in the cord serwin, Indeed, even if human cord serum does prolong
maintenance or canss growth of mouse mammary adenocarcinoma
explants in organ culture, it ceriainly could ast he considered

a "physiclogic” mediam, It has besn shown that neoplastic

mouse mammary cells can survive at least 10 days in mediam 199
alone, and that inoculation of the cultured explant into the

doner strain gives vise to tamors bistolegically similar to the
original tumor (74). Thess facts, considered together,
demonstrate that mediam 199 is o suitable medium in which to
conduct the present experisents,

The natare and effect of the minute amounnts of tissue fluid
in the explants plus substences Serived from degensratiag cells
was an sncountrollable varisble in these experiments, The
amount of extracellular fluid present in explants was minimised
by using tumors with very little stroina and by washing explants
thoroughly ia mediux 199 before cultaring them, Cells with
completely ncrmal fine structarsl charscteristics were found
in immediate contact with completely necrotic cells, This
fact supports the view that as least the degenerating cells did



nut yelease toxic substances,

The histologic varisbility of the tumor itsell presented no
problem: of laterpretation of resuits as loag as healthy, small
tamors were used, Thess s:vall tumors had a uaiform architect.
ure and consisted almost entirely of epithelial cells with
minimal stroma, It seems possible, however, that the
tumors differed intrinsically in metabolic or growth charactes-
istics not detectible by histological emamination, However, the
aaniform histological detail of the selected twivors, the fact that
nooe metastasiszed, and the consistent pattern of yesponse of the
explants to the varicus treatinents ased in this esmperimeant, all
suggest the sesential siusilarity of the several differvnt tasors
ased.

Although the purest available horsnones were added to
the culture medium, the possible preseace of tvage amounts of
active impurities cannet be excluded or affirmed. It seems
improbable that the well.defined pattern of appavently dose-
related response to testosterons and the other hormones used,
eingly and in combination, would have been cbtained if
significant imparitios were present,

The growth inhibitory effect of testostercne on various
normal and seoplastic tissues bas been desuonstrated previcusly.
Stone (100) has observed almost 100% inhibition of growth of
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muum&m by as Mitle a9 5 micrograms por ml, of
testostercne, These results ave consistent with the direct
towic affect of testosterone demonstrated in the present
experiments,

It is possible that & portion of the testosterone was in
micro-crystalline form, rather than ia solution, under the
conditions used in the preseut experimments, However, Algard (6)
has shown distinet, measurable effects of micro~-crystalline
mixtuses of diethylstilbesterol and testaste rone on aecplastic
mouse epithelium in vitre in concentrations as low as § miere.
gran.s per ml, Chemically related bormounes with similay
solubility eharacteristics have been shown to be active in vitro
(28,39, 30, 74, 88,89, 95, 9, ), Further, in thess axperimants,
the stercid nucleus (cholesierol) and a stereid hormons (cortisol),
both closely related structurally to testosterons, caused no
significant toxic offect. Indeed, cortisol at the conceatrations
used helped to maintain the morphologic characteristics of the
taxor explants, In one experiment in the present series insulin
and cortisol (100 and 12 microgrems per ml., respectively)
resalted in excelleat explant sarvival (table 1), Alter the
addition of estrogen (0.6 micrograms per ml. ) alone or estrogen

®iivera, E., Persocal commanication, 1963,



and progestercue (0,6 micrograms per ml, each) togethey

to the medium containing insulin and cortissl, the explante

not only showsd pacellent survival bat, in addition, theiy

acinar lumens were filled with dense, ecsinophilic material of

& possible secretory natare, Although this particalar expes rimmeant
was aot repeated, these results help support the contention that,
under the conditions of thess sxperiments, hormones were allecting
cellular metebolism, This sesult also hints thet some CIH mouse
mammary adenscarcinomata may be able (perhans becanse of

a high degres of diffe rentiation) to respond physiclogically to
bormonss, Sapporting this idea is the observation that cell
suspensions of trypainised spostanecus and transplanted C3H
mouse mAmmAary adencearcinomata, mgﬁmm
complex media, can reassociate and form gland.like stractuszes
with secretions in thelr lumens (81}, Also, tumory in lactating
mammary glands of rats {regquently contain milk or colostram,
Fibroadenumatous tum-r transplants in pregnest rats frequently
develcp into pure adenomas with {at globules and sther secreticas
in their lumens (46),

It is tempting ¢ speculate on the moenasr in which testostercne
may produce ceil death, In these experic.ents the tumor ceils
which eytolymed in the medium comtaining effective concentrations
of testoste rone, often showed vausual electron dense bodies in
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their initochendria, A9 far a8 is known thase bodies have not
been previously noted, st least among the comuuoaly scesrving
degensrative changes (18, 75,107), In additicn, in & lavge
majority of degeverating cells in the testosterons .sariched
medivrn, the mitechondria were swollen, sad their cristas were
fragmented. These mitochondrisl changes nre com:ronly considered
to ho non-specific and degensrative in natuve (75}, The
mitechondria in the degenerating cells of the costrol cultures
showed similar, but mach less merked, changes., These
observations suggeat that the mitochondris may be o site of divect
or indirect action of testosterone, There is much evidence for

» deficiency of slactron Ivruspost aystems in tumors which
predisposes them to cellular metabolic respiratory failure.,
Tamor ealls alec sxhibit a vespiratory-glyeolytic imbalance,
They rmay chtain 100 times a8 wach energy from fermentative
procasses {psrobic and anaerobic glycolysis) as froms reepiration,
in comparison to the reverse picture in normal tisenes (58,108),
It has heen postulated that s veladive incapacity of ensymes

in the tumor esll mitochondris would cause failure of catobolimmn
of the nyruvate produced by the excessive {ermentation (58).
Perbaps testostercue enhances this relative incapacity of the
tumor cell to catabolise pyruvate, or lactic acid, or other
substances present resuliing in accumulatioas so great as to



cuuse daisiaricus allects within the call, The ability of testos-
tavsue to wmarkedly lndibit pyyuvate nsetabolian. by the citzie acid
sysle samymes of laclaled Hves sulicehondsla has Seen shown (48),

Another youte by which testosterone say latally ellect
tuior soll metabolisw. at tke level of the saltochondwia is by
interfesiog with theis slrsady deficient sleciron tzansport
systers, Creen (41) bas lndicated that the slectron transport
systers of cells is ictimately rolated o theisr sultochoadria,
Huggins (51, 52, 53) bus shown that ibe ability of testostescne
derivatives to ishibit tumor growih is clossly related to their
molecalar stracinre and that stroag clectzsn douors o7 sleetron
2wesptors sre genesally most elleciive. Peshaps testostercas
enbances & pre -sxisting deliciency in electicn tranaport in the
mitochundria of the tamo: ¢sll, causing metabolic or eusrgetic
failave,

Iu spite of the cbservation that lusulin has 8o measezable
offect on glaccse atiligaticn by wioase mammary teino 7 explants
(74}, it has been shown to enbance mitochoadrial glycolysis ia
other tumors (30). Cortisons sud corticoste rona have been
observed to lucreass cltiate syathesis in mitochondria (40),
Thess two fiadings may correlats with the lwproved cytomorpho.
logic appearaace of mouse mamumary adenocarcinoma cells
caltured in mediun: coutaining lnsulin aad/or costiscl aad nay
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alsc explain the apparent protective action of insalin and/or
cortisol desconstrated in these experiments.

The degenerating cslls observed by light and slectson
microseopy showed many of the etructural changes generally
associated with non-specific degensration (18, 75, 97), The
snknown inclusion bodies (e.g. fig. 48) found in the eytsplasm
of some of the tissues obse:ved by eleciron microscopy may
correspond $o altered mitochondria described by Morgan et.sl,
(75) as cccurring is degenerating cells, The unusual inclusions
seen in figure 52 closely resemble the "myelin bodies" menticnsd
by Deidan and van Rijesel (22). The process of cytelysis of
epitbelial cells with reloase of free suclel, mitochondria, and
other structures compsres with the iavolational eytomorphological
changes deseribed by Wellings and DeCume as occurriag in the
post-lactational mammary glaad of normal mice (107). Indeed,
the previocusly discussed mitochondrial changes weure the oaly
anusual ones avted, wtﬂhnlhmn.umu
concluded that no distiact morphologic pathway of degeneration
exists for mammary cancer cells treated with testosterons ander
the conditicns of this experiment,

The acaspecilic elfect described in the cells cultared in
low concentrations of testostercns or in the control media may
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have been a result of an anfavorable pi of the medium sceurring
at soms time dusing the culture period (18), in spite of caseful
adjustement of the gaseous flow rute snd other precauticns taken,
O it may have been dus to slight cellular injury resulting from
the lack of sume substance {or of the ability o utilise it) which
mMmdtulthuathnHumﬂt
hydrocortisons, That testosterone (and simnilarly, insulia and/or
hydrocortiscae) have effects ou individual cells is supported

by observations inade in these experiments, Apparently
perfectly heulthy colls, as jedged morphologically by their fine
structare, were seen to exist contiguous to rexcnants of once
odjaceat cells, apparently completely destroyed by the effects
of testosterons.

The significance of experimental work with mouse mammary
tumors in anderetanding the factors that infisvence mammary
cancer in the human have been discussed by Eittner (16),
Knowledge of inouse mammary earcinoma is insufficient to be
of much clinical use, and men differ {zom mice in many ways,
However, the Fell technique of organ culture has recently been
thoroughly studied along mmany parametsrs (55), and similay
meibods have been suggested as suitable for emamining the problems
of human tamor sensitivity to cancer chemotherapsutic agents
{199). Investigaticns have already been stasted along these lines
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{49,57), The philosophy behind this research tool, its presens
status, and its bright fature possibilities have been outlined by
rl“‘“’;



52

Summary and Conclagions: Ia sanunary, it bas been shown thais

i. Ia the pressuce of testosterone, C3H mouse mammary
WMMeru&%ﬂmamuu
chemically defined medium, whereas controle do not,

4, The adéition of insulia and/or cortiscl to the chemically
defined medium protects the explanis {rom the toxic effects of
testosterone,

3, Tbe mosphology of the tumor explants was best maintained
by enrichiag the defined medium with tusulin and/or cortisol,
4, The experimental procedures and medis employed bad oo
noticeable efiect on the virus.like particles seen ia electzron
micrographe of the twmor explants,

5. A divect toxic effect of testostercne on mammary adeno-
carcinoma of the mouse lns been demonstrated,
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TABLE &
Survival of control and Testosterous treated explauts of

C3H mosse mammary careinomas in oxgan calture

TOTAL SURVIVAL AATING
MEDIUM EXPLANTS 1.11/2 days 2 1/2.3 days
16 niice
; S | ” ) !
| 199, + ETOH | i , !
| (0.8% oiless) | 103 L 86 8.b
| *CHOL (S0#n | : !
i 9.3% ETOHK) | | ‘
e et ke s 1 A e O A5 AR AR R A o . A ]
Test {1) | x :
19,1 ] i 8 ;5
‘ | i
1.0 19 | es | s
H ! ; § i t
199+ 10 Y L 34 1 2.3 |
Test. | 3 ! é
{ina , (50 20 A L
masimsm | % §
of 0.8% 100 29 I (I
ETOH) | ?
f ‘300 12 .9 9
i | i

Notes gamema () & micrograms/mi,
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TABLE It

Effects of verious hormones on survival of explants of
C3H mouse mammary carcinoma after three

days in organ culture
MEDIUM { ) Total Sarvieal
Limplants Rating
1 {100) 3 6
1 (160) + CHOL {50) 8 5.6
i {(100) + ¥ (12) 3 6
1{100) + r (25) 8 6
1(100) + F (12) + & (0.6) 3 )
1(00)+ ¥ (l2) + E (0.6) + P (0.6) 3 é
100)+F (25)+ T @) 10 6
1(100) ¢+ (25} + T (10) ] 6
1 {100) + F {(28) + T (100) ] 0
1 {200) + T {50) 4 2
1 {100) + T (50) (] 5.6
I(50) + T (50) 4 4.5
5(8) + T (50) 4 1.2
1)+ T (50) 4 i
1(50) + T (100) 4 91
1(5) ¢ T (100) 4 0.1
¥ (100) 3 4.5
¥ (50) 4 5.6
¥ (10) 4 5.6
F (1) & 5.6
F (100) + T (10 4 8.6
F (50) + T {10) 5 5
F (10) + T (10} 8 45
F (100) + T (50) 4 3.4
¥ {30) + T (50) 3 0.1
F (10) + T (50) 5 9.1

Note: 1) I® amorphous lngulin, Fs cortisol, E2 estradiol.l? B,
Pe progestercne, CHOL3S cholesterol, T= testosterone
2) Numbers in pasentheses are concentrations in gammas ()
or micrograms/mi, of preceeding hormones.
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A.

B,

c.
D,
E.
F.
C.

H,

Petri dish balves (9 cu.. in dlareter).

Shaets of Whatinan No, 3 filtex paper,

Plastic spacers.

Pyrex watch glass (6.0 em, in dlameter).

Culture mediam (I ml, gquantity).

Stliconised leus paper float (2.2 e, in dlameter).
Tissue emplant (1/2 - 1 nun, in diameter).

Meniscus of culture medium surrounding explant
{see eniarged offset).

NOTE: The top and bottom figures are actual sise,
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Figure 2, Mouse mammary adenocarcinoma, Original tumor,
not cultared. Diameter of tamor 0.6 em, Acinar
pattarn, 330X,

Figure 3. Mouwse mamumary sdenocarcinoma, Oviginal tamor,
like pattern. 330X,
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Figure 4. Mouse mammary adenosarcinema, Original tumov,
wot cultured, Diameter of tumer 0,9 em,
Papillary pattern, 330X,

Figure 5, Mouse mammary adenccarcinoma, Original tumor,
not cultured. Diameter of tumor 1.8 cm, Solid
nests. (Note transitiocns from acini, to acini with
piled-up epitheliumn, to solid nests in upper right),
330X,
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Figure 6. Mouse mammnary sdenocarcinoma. Original tamor,
not cultured, Diameter of tumor 0.8 ¢m, Aciand,
solid nests, trabeculas, 330X,

=

Figarve 7. Mouse mammary adenocarcinoma, Criginal tumor,
not cultured, Diameter of tamor 2,0 em, Old
tumor with secretions and stromal fibrosis.

Large acini. 330X,
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Figare 8. Mouse mammary adenscarcinoms, Original tumor,
ot caltured, Dismster of tumor 1.3 cm. Sheet.
like pattern with some stromal fibrosis, 330X,

Figare 9, Mouse mammary adenocarcinoma, Original tumor,
not cultured. Diameter of tumor 1.7 em. Ol
tamor with "pearl” formation (srrows), aand nest.
like paitern. 330X,
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Figuve 10, Normal resting mammary gland, old retived
breeding female, Gescyetions in lumens. Fatty

stroma, 330X,

Note: Subsequent figures Il through 43 are of mouse mammary

adenocarcincma in organ culture,

Figure lla, Cultured in medium 199 alone for three days.
Note sharply delimited contral necrosis of explant,
and thin rim of peripheral secrosis (lower left),
K38X,
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Figure Ilb, Cultared in medium 199 alone for three days,

Note scattered pyknotic and karyolytic nuclei,
275X,

Figure 122, Cultared in medium 199 with 0, 8% ethanol for
three days, 275X,

73
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Figure i2b. Cultured in medium 199 with 0, 3% ethanol
for three days. 275X.

Figure 13a, Cultured in medium 199 with 0, 3% ethanol
and 5U microgromas per i, of cholesterol
for three days. 275X,






Figure 13b. Same as 13a, 665X,

Figure 14, Cultured in medium 199 with 0,1 micrograms per

mi, of testostercne for 3 days, 330X,

4






Figure 15, Cultured in medium 199 with 1, ? mierograms per

ml, of testosterone for three days, 275X,

Figare 16, Caltured in medium 199 with 10 micrograms pex

ml, of testosterone for three days, 275X,

78
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Figare 17s. Cultured in medium 199 with 50 muicrograms of
testosterons for three days, Young tumor with no
stromal fibrosis and with clumps of viable -appearing

eslls, 275X,

Figure 17b. Cultured in medium 199 with 50 micrograms
per ml, of testosterone for thyee days, Old
temor with some stromal fibrosis (bottom) and

total necresie, 275X,
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Figure 18. Cultared in medium 199 with 100 micrograms pex
ml. of testosterone for thres days. Note total

necrosis, both epithelial and stromal cells.

Figure 19, Cultured in medium 199 with 300 micrograms per

ml, of testosterons for three days,
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Figure 20, Cultared in mediven 199 with 100 micrograms per
mi, of insulin for three days. Note healthy
appearance of cells, 275X,

Figure 21, Cultured in medium 199 with 100 micrograms psr
ml, of insulin and 50 mierogramas per ml, of
cholesterol for three days, 373X,
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Figure 22. Cultured io mediuw 199 with 1, 0 micrograms per
ml, of cortisol for three days, 330X,

Figare 23, Cultured in medium 199 with 10 micrograms

por ml. of cortisol for three days. 330X,
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Figure 24. Cultured in medivum 199 ivith 150 mi,cmgm per

wmi, of cortisol for three days, 330X,

Figare 25, Cultured in mediam 199 with 100 nicrograms per
mi. of cortisol for three days, 330X,






Figure 26a. Cultured in medium 199 with 50 micrograms
per ml, of insulin and 50 micrograms per

mi. of testosterone for three days. 330X,

Figure 26b, Same as 26a. 330X,

81
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Figare 27a. Caltured in mediam 199 with 100 muicrograms per
ml, of insulin und 5C micrograms per mi, of
testosts rone for three days. 275X,

Figure 27b, Same as 27a. 330X,
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Figure 28, Cultured in medium 199 with 200 microgramas per
ml, of insulia and 50 micrograms per mi, of
testosterone for three days. Note clamps of

viable appearing cells, 330X,

Figure 29. Cultured is medium 199 with 5,0 micrograms per
ml, of insulin and 50 micrograms per ml, of
testosterone for three days, Note clumps of

viable appearing cells. 330X,






Figuve 30, Cultured in medium 199 with 1,0 micrograms per
ml, of insulin and 50 micrograms per ml, of

testoste rone for three doys. 330X,

Figure 31, Caltured in medium 199 with 50 micrograms per
ml, of insulin and 100 micrograms per ml, of

testosterone for three days, 330X,






Figure 32. Cultured ia medium 199 with 5,0 micrograms per
ml, of insulin and 100 micrograms per ml, of

testosterone for three days. 330X,

Figure 33. Cultured in medivi: 199 with 100 micrograme pey
mi, of tortisol and 10 micrograms per ml, of

testosterone for three days. 330X,






Figure 34, Cultured in mediam 199 with 50 micrograms per ml,
of cortisol and 10 micrograms per ml, of

testosterone for three days, 330X,

Figure 35, Cultured in medium: 199 with 10 micrograms per mi,
of cortisol and 10 micrograms per ml, of

testosterone for thres days. 330X.
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Figure 36. Cultured in medium 199 with 100 micrograms per
ml. of cortisol and 50 micrograms per ml, of

tastosterons for three days. DNo tendency for hary-
olysia, 330X,

Figare 37, Cultured ia mediux 199 with 50 micrograms per
ml, of cortisol sad 50 micrograms per ml, of
tastostarone for three days. Note tendency for
karyolysis, 330X,
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Figure 38, Cultured in medium 199 with 10 micrograms per
ml, of cortisol and 50 micrograms per ml, of

testosterone for thres days. 330X,

Figase 39, Cultured in medism 199 with 100 mierograms per
wil, of insulia, 25 micrograms per mal, of costisol,
and 1, 0 micrograms per ml. of testosterone for
three days. 330X,
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Figare 40, Cultured in mediam 199 with 100 micrograms pex
ml, of insulin, 25 micrograms per ml, of cortisol,
and 10 micrograme per ml, of testostsrone for
three days. 275X,

Figare 41, Coltured in medinm 199 with 100 micrograms per
ml, of insulin, 24 micrograms per mi, of mmaol_..
and 300 micrograms per ml, of testosterone
for three days, 275X,
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Figure 42, Cultured in medium 199 with 100 micrograms per
mi, of insulin and 25 micrograms per mi, of
cortisol for three days, 375X,

Figure 43, Cualtured in medium 199 with 100 micrograms per
ml, of insulin, 12 micrograms per mi, of cortisol,
and 0.6 micrograms per ml. of estradiol.178

for three days, Note secretions in lumens (arrows),

“Sx.
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Letter codes for Klectron Micrographe
(ﬂgmn “-»“f)

N « DNucleas

Ci « Cell membrane

NM - Nuclear membrane

G e Golgl apparatus

M - Mitochoudria

R« Ribonucleoprotein particles

Vo« Viras.like particles

NC - Nucleolus

DN « Degenerating ancleus

DC - Degensrating cell

L. Lumen

MYV « Microvilli
F e Fat droplet

ER - Ecgastoplasm
(All electron micrographs arve from tissue {ixed in osmiam
tetroxide embedded in Epon, and stained with lead hydroxide).
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Figuve 44. Mouse muy adenocarcinomsa, Originel tissue,
not cultured. Cells are radially arranged around
scinar lumen (i), Very litile membranous
ergastoplagm is present, There arve many virus-
like particles (V). Mitochondria (i) are well.formed
and have numerous cristss and dense matrices,

11000X,
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Figare 45, Mouse mammary adenocarcinoma, COriginal tissue,
uot cultured. Solid sheet of cells with small lumen
(L) at top containing viras-like pasticles (V).
11000X,
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Figure 46. Mouse mammary adenocarcinema, Original tissue,
not cultared., Numerous virus-like particies of the
intracellular type are present, These were
frequently located around a vacuole (lower).
Cytoplasm has numercus ribonucleoprotein particles
(i) and a foew ergastoplasmic sacs (i), S0000X,
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- Figure 47, Mouse mammary adenocarcinoma, Coutrol tissue.
Caltured in mediom 199 alone for one day, Small
lamen (L) centrally, Degenerating csll (DC) at
bottom right. 12000X,






Figure 48, Mouse mammary ¢arcinoma, Coutrol tissue.
Caltured in medium 199 alone for ons day,
Various intracellular inclusions are present,
two of which are indicated by arrows, Numerous
ribosomes (1), 48000X,






Figure 49. Mouse mammary adenocarcinoma, Control tissue,
Cultured in medium 199 alone for three days.
12000X,
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Figure 50, Mouse mammary sdenocarcinoma. Control tiseue.
Cultured ia mediam 199 alons for three days.

12000X,
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Figare 5l. Mouse mammary adenocarcinoma, Control tissue.
Cultured in medium 199 alone for three days.
Numerous virus.like particles (V) of the extra-
cellalar type sre present in the lumen {L) which
occupies the upper two.thirds of the micrograph,

Cell membrane (CM). 41000X,

9






Figure 52, Mouse mammary adenccarcinoma, Control tissue.
Caltured in medivr 199 alone for three days, The
dezee irregular objects are cytoplasmic bodies
of snknown nature, Mitochondria are numerous and
of normal morphology. 40000X,
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Figure 53, Mouse mammary adenocarcinoma, Cultured in |
mediam 199 with 50 micrograms per ml, of |
testosterone for throe days, Note nucleus {N)
with izregular coarse densitles, Mitochoudzia (M)
are swollea and show decreased numbess of cristae
ssd {ragmentation of eriotae, Many mitochondria
contain oveid inclasions of high elsciron donsity,
The large irregular dense objects ai the upper
left are fragments of karyorrhectic nuclei, The
remainder of these uscrotic sells coasists of
unrecognizsable grasular and membranous debris,

12000X,
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Figure 54, Mouse mammary adenocarcinema, Caltared in
medium 199 with 50 micrograms of testostarone
tor threo deys, Complete cytolysis. Nuclei {N}).
Various peculiar objects and vacuolated structures

{arrows), 12000X,
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Figare 55, Mouse mammary adenocarcinoms, Cultared in
meodiuo 199 with 100 micrograms per mi, of
insuiin snd 50 micregrams per mi. of testosterone
ior three days, Several degenerating cells {upper,
middie, and lowex} possess gramular eytoplasm
and dense nuclei (DN), HRemainder of celis appear
relatively unaffected. 9000X,
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Figave 56, Mouse mammary sdeaccarcinoma, Celtared in
mediam 199 with 100 micrograme psr ml,
insulin, and 50 micregraums per mli, testosterone
for three days. Degenerating cell (DC) and
ouclens (DN), Remaining cells appear relatively
unaffected. 9000X,






rl;aﬁ 5‘&% Mouse mammary mmnma Cultured in
medium 199 with 100 micrograms par ml, insulin
and 50 micrograms per ml. tsstosterene for 3 days.
Portion of surviving cell with fat awphi (¥) and
numerous ergastoplasmic sacs (ER). Many

ribonuclecprotein particles are present. 37000X,
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Figure 58, Mouse mammary adenocarcinoma, Cultured in
medium 199 with 0,1 micrograms pex ml,
testosterone for one day, Morphology identical
with original, sacultured tissus, and with coatrols






Figere 59, Mouse mammary sdenocarcinoma, Cultured in
modinm 199 with 0.1 micrograms per mi, of

testoste rone for cne day, LTO00X,
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Figare 60, Mowse manunary adenocarcizoma, Cultured ia
medivs 199 wita 0.1 mierograms per ml, of
testosterone for ous day. Numerous virus-like
pazticles {(arrows) in acinar lumen, Note

wierovili at cell surface. 50000X,
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Figure 61, Mouge mammasy adenscarcinoma, Cultured in
meum 199 with 18 mierograms per mi, of
testosterons for one day, Cells in lower two.thirds
+f microgrnph are indistingulehable from controls,

Necrotic cells in upper ons-third, 1600OX,






Vigare 63, Mouse mammary adenocarcinoma, Cultured in
medinme 199 with 10 micrograms per ml, of tastos.
terone for ons duy, Plure 1046 wirus-like particles
of estracoliuler type in lawen, These pariicles
usve a dense cantral nuclosid and up te throe
concentricaily arrsuged surroandlug membranss

{arrow), 62000X,
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Figure 3, Mouse mammary adenccarciaoma, Cultured in
medivm 199 with 168 wicrograms por ml, of
lagtusterone for vae day, Nede fatnct cell with
fus droplet (F ), next to remnunts of degeasrating
and cytalysed cells. Degensrating nucieus (DN)

slwwws convee chrowatin clunps, 20600X.,
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Figure 64. Mouse mammary adenccarcinoma, Cultured in
medium 199 with 300 micrograms per mi, of
testosterons for one day. Groups of several intact
‘ceils adjacent to degenerating and cytolymed colls
(DC). Note swollen mitochondrion (M), and
vacuolated cell (right middle, DC). 10000X,
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Figare 65, Mouse mammary adenocarcinoma, Cultured in
wedimm 199 with 300 micrograms per ml, of
testosterons for one day., Nucleus (N) at lower
right is {ragmenting (karyoffbexis), Nucleus {N)
st middle left shows sarlier stage of karyorrhesxis,
11000X,






Figure 66. Mouse mammary adenccarcinoma, Cultured
in medium 199 with 300 micrograms per ml, of
testosterone for one day., Part of degenerating
cell in center with cell membrane {CM),
relatively empty vacucles, and swollen
mitochondria (i) with fragmsented cristas.
28000X.,








