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SUMMARY

Diverse types of mammary tumors have been investigated
for their responsiveness to hormonal stimulation of their
nucleic acid synthesis. This report describes the behavior of
these tumors in variously conditioned syngeneic hosts and
the certain critical technical and biological variables in organ
cultures used. For stimulation in vitro, homologous
hormones secreted by mammotropic cells were used.
Procedures wanted for meaningful characterization of the
tumors in vitro and in vivo are discussed. Data are presented
on nonspecific stimulation of nucleic acid synthesis of
tumors and of normal mammary gland with insulin and on
nonspecific inhibition of nucleic acid synthesis in different
flasks in the same incubator by decrease of oxygen avail
ability. While the problem of providing uniform oxygen
supply to tumor cells in organ cultures is yet to be solved,
with careful symmetry in setting up the various types of
cultures it is possible to distinguish hormone-responsive from
autonomous tumors.

INTRODUCTION

While mammary tumors are often hormone responsive it is
not possible to predict how an individual tumor will
respond. Hormone responsiveness of tumors with similar
morphology varies qualitatively and quantitatively. None of
the in vitro techniques reported thus far have proven to be
satisfactory in measuring hormone responsiveness. If it were
possible to predict the hormonal responsiveness of a tumor a
therapeutic approach would be indicated. This possibility, as
suggested by developments in tissue culture techniques, led
us to study whether one could distinguish autonomous from
hormone-responsive and hormone-dependent tumors in organ
cultures.

The basic design of these experiments called for deter
mination of the effect of hormones on the conversion of
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uridine and thymidine into nucleic acid. Preliminary
experiments indicated that it was possible to differentiate in
vitro between autonomous and hormone-responsive tumors

on the basis of in vitro stimulation of DNA synthesis of
hormone-responsive tumors by homologous mammotropic
hormones. This is documented in the second paper of this
series (24). This paper describes the character of the various
tumors used as disclosed by transplantation assays and
morphological studies, including radioautography. In addition
the organ culture technique used and some of the vital
technical variables such as oxygen flow (availability) and
insulin effects are discussed, and data are presented on
radioimmunoassays of the various sera added to the cultures.
A third paper will describe comparative studies of RNA and
DNA synthesis of various hormone-responsive tumors.

MATERIALS AND METHODS

Mammary Tumors and Mammary Glands. The term
"dependent" is applied to tumors which will not grow in
normal hosts, "responsive" to tumors which grow in normal

hosts but are specifically stimulated or inhibited by
hormones, and "autonomous" to tumors which are not

responsive or only minimally responsive to their specific
hormones (6).

Most tests were done with variants of the originally fully
hormone-dependent MT94 (8, 9) induced with 3-methylchol-

anthrene in highly inbred W/Fu rats. In the course of
transplantation this tumor soon gave rise to variants named
MT9A, which grow slowly in normal female rats (not in
males) of the strain of origin. The growth of 9A type of
tumors is stimulated by MtH, or, indirectly, by estrogens.
MT9A tumors proved to be unstable, steadily giving rise to
autonomous but slowly growing variants named MT9B,
which are not stimulated by the above hormones and grow
equally well in male and female rats. A rapidly growing
autonomous variant named MT9D was recently isolated by
Dr. U. Kim. A hormone-dependent MT449 was isolated from
a DBS-treated W/Fu female rat. A primary, well-differen-

The abbreviations used are: MT, mammary tumor; DES, diethyl-
stilbestrol; MtT, mammotropic pituitary hormone; MtH, mam
motropic hormone; StH, somatotropic hormone; TC199, tissue cul
ture medium 199 (commercial).
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tiated, milk-secreting adenocarcinoma, MT.WB3, was assayed
in Experiment 18 and a fibroadenoma in Experiments 27
and 30. Hormone responsiveness is a quantitative feature;
therefore, it is necessary to check continuously in vivo the
behavior of the strains used in in vitro studies.

All tumors used in organ cultures were grown on female
rats. DES was implanted s.c. in form of a 1- to 3-mg pellet
in cholesterol and repeated at intervals of a few months.

Mammary glands from an MtT.F4-bearing (Fig. 10) and
from a late-pregnant rat were used in Experiments 19 and
20.

Mammotropic Tumors. The origin and features of MtT.WlS
and MtT.F4 used as a source of endogenous MtH and StH
have been described (27).

Transplantation Assays for Hormone Responsiveness of
Mammary Tumors. For routine assays tumor fragments were
injected or implanted with a trocar either subcutaneously or
intramuscularly into young adult normal female and male
rats and in rats grafted previously or simultaneously with
MtT.WlS or pelleted with DES. The timing of MtT grafting
is influenced by the rate of growth of the mammary tumor
and MtT. This MtT.WlS has a latency of about 2 months;
therefore, stimulation of faster-growing mammary tumors
requires pregrafting with MtT. Since MtT.WlS kills the hosts
in 3 to 5 months, i.e., before slow-growing mammary tumors
make their appearance, they must be resected (subtotally)
when large; or else, DES pellets should be used. DES attains
the same effect as MtT, which it slowly induces, but is more
slow acting and is toxic in larger doses.

At autopsy special attention is made to estimate the state
of hormonal stimulation and appearance of the tumor. The
mammary gland of the rat is often fatty and is hidden by
fibromuscular membrane. Without proper dissection and
microscopic examination the mammary gland stimulation is
often overlooked. This may explain isolation by others of
purely StH-secreting MtT variants which we failed to verify.
Milk cysts are grossly obvious but diffuse milk secretion
requires multiple incisions of the mammary gland. Since milk
letdown is absent, the milk is inspissated and appears
puslike; when diluted with water it becomes white and
"milky."

Radioimmunoassay. Radioimmunoassays for hormones were
made by the double antibody technique of Schalch and
Parker (22).

Organ Culture. The organ cultures were made essentially as
introduced by Trowell (25) and done for hormone research
by Nicoli and Meites (18). Tumors were resected aseptically.
Nonnecrotic parts were cut into pieces of about 1 to 2 mm
in diameter, and 6 to 8 pieces of tumor were placed on
rayon acetate mesh supported by a steel platform in small
disposable dishes (3.5 x 1.0 cm). The cultures were
incubated at 36Â° in approximately 4 ml TCI99, routinely

supplemented with 0.05 unit/ml penicillin and streptomycin,
and gased with 95% 02 and 5% C02 bubbled through water.
The type of plastic incubators commonly used was that of
Dr. S. Graff (Fig. 1) or its modified type (Fig. 2). Certain
problems inherent in the use of such incubators will be
discussed.

In the various experiments sera from normal female,
normal male, hypophysectomized, ovariectomized, and rats

bearing MtH-secreting tumors in concentrations of 1 to 10%
(usually 5%) were added to the media. The sera used were
kept lyophilized or frozen at -20Â° for several weeks or a few

months prior to use. Zinc-low insulin, 5 Mg/ml, was added to
the medium unless otherwise stated.

Pieces of the expiants were fixed in Bouin solution.
Sections were radioautographed by the dipping technique
with the use of NTB2 emulsion and stained with hematox-
ylin and eosin.

The technique of nucleic acid and protein determination is
detailed in the following paper (24). All analyses were made
in duplicate.

RESULTS AND DISCUSSION

The Biological Behavior and Histology of Mammary
Tumors Studied in Vitro in Variously Conditioned Hosts.
Since the hormone responsiveness of rat mammary tumors
changes in the course of transplantation it is desirable to
check in vivo the behavior of the tumors used in each
experiment. Table 1 surveys the pattern of their behavior.
The following indicates how necessary and troublesome it is
to test the characteristics of mammary tumors in vivo at
about the time of their assays in organ culture.

The most rapidly growing MT9D (Table 1) is soft-spotted
throughout with tiny areas of necrosis which could not be
removed entirely from the fragments used for the cultures.
This apparently did not influence their growth. Marked
anaplasia indicates the malignancy of MT9D.

The autonomous tumor MT9B took in all normal females,
causing large tumors within 2 months. The relatively fast
growth of MT9B was suggestive of its autonomous character,
but its microscopic appearance was not (Figs. 3 and 4). In
general MT9B had more and larger areas of necrosis and
fibrosis than MT9A. However, anaplasia was slight and
glandular differentiation was conspicuous in many areas.

In 4 experiments, the donor tumors of MT9A were
obtained from normal rats, in 2 experiments from MtT-
bearing rats, and in 1 experiment the donor rat had both, a
MtT graft and a DES pellet. None of the MT9A tumors grew
in male rats. In all other tests the takes in MtT hosts were
100% in 2 months and in normal females 30% in 5 to 9.5
months. In DES rats the takes were 21% in 3 to 7 months.
The morphological appearance of MT9A (Figs. 5 and 6) is
indicative of adenocarcinomas with very little or no secre
tion.

The estrogen-induced, dependent tumor MT449 (Figs. 7
and 8) was isolated in February 1967. The tumors used in
Experiments 14, 17, and 22 were from the first subpassages
of this strain when it failed to grow in normal hosts. It grew
very slowly even in DES-treated animals. MT449 tumors are
differentiated adenocarcinomas with fair milklike secretion.
The host of Experiment 16 gave rise to a variant which grew
rapidly in DES and not at all in normal rats. In later
transplants the tumors grew also in a few MtT rats and in a
normal female. MT.WB3 is a primary, benign-appearing,
milk-secreting adenocarcinoma (Fig. 9).

Hormone Content in the Sera of Normal and MtT Rats.
Hitherto hormone levels of MtT hosts and of normal rats
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Table 1
Behavior of mammary tumors tested in variously conditioned hosts

TumorstrainAutonomousfast-growing

MT9DAutonomousslow-growing

MT9BResponsive

MT9ADependent

MT449ExperimentNo.25,

26,2957,9,112146,810,

12,15Â°13"14,221617"Conditioning

ofanimalfrom
whichthe
tumorwas

takenNoneNoneNoneNoneMtT.WlS

+DESMtT.WlSNoneNoneDESDESDESNo.

positive/No, rats grafted in various types ofhostsNormalfemale5/5

at 3wk.5/5

at 2mos.7/7
at 1mo.5/5
at 3mos.0/6
at 6mos.2/4
at 5 mos. and 9.5mos.3/7
at 5mos.2/4
at 5 mos. and 9.5mos.0/10

at 11mos.0/3
at 4mos.0/2
at 12 mos.Normalmale5/5

at 3wk.5/5

at 3mos.0/4

at 10mos.0/4
at 10mos.0/4
at 10 mos.MtT.WlS

bearingfemale4/4

at 2mos.4/4
at 2mos.0/4
at 4mos.4/4
at 2mos.0/5

at 5 mos.DBS-treatedfemale0/3

at 3mos.2/4
at 5 mos. and71/7
at 6mos.2/4
at 5 mos. and73/1

Oat 8mos.2/2
at 1.5mos.2/2
at 12 mos.mos.mos.

"In Experiments 10, 12, 13, 15, and 17 the mammary tumor was taken from a normal female because the MtT killed most hosts before the
mammary tumor became palpable.

were estimated by bioassays and immunoprecipitation (27).
Recently, some MtH and StH determinations were made by
radioimmunoassay on various types of rat sera. These may
be helpful to interpret their effects in organ cultures
described. The spectrum of the fragmentary values of MtH
obtained in different types of rat sera mirror the biological
behavior of the mammary glands in the respective animal.
Our MtH values/ml serum were: normal females in diestrus,
14 and 16 ng; males, 13 and 19 ng; females in estrus, 114
and 160 ng; DES rats, 207 ng; MtT.WlS rats, 3,700 and
12,100 ng; and Fu rats, 86 and 100 ng.

MtH values obtained by Kwa and Verhofstad (11) were in
the same order but much higher; for normal rats in proestrus
and estrus they were 800 to 2000 ng/ml serum, for rats in
metestrus they were 70 to 700 ng/ml. The values in
estrogen-treated females were the same as in normal rats in

proestrus.
StH values of normal female rats given by Martin et al.

(16) were 18.2 Â± 1.9 ng/ml serum and StH values of
MtT.WlS rats were 599 Â±157. Schalch and Reichlin (23)
give the following values: for decapitated females 94.3 Â±
17.3; and for males 35.8 Â±7.5. The corresponding values
were lower in blood obtained by cardiac puncture.

Radioautography: Histology of Cultures. The tumor frag
ments were sectioned for radioautographs before and at
various times after incubation in vitro following addition of
tritiated thymidine or tritiated uridine. The sections dis
closed a morphological heterogeneity of the fragments and
conspicuous variations in intensity of synthesis of DNA and
RNA. In general the sections suggest that the tumor cells
were well preserved during the period of observations. Small
areas of necrosis appeared to have been present in the
fragments when the cultures were set up. Cells with
morphological evidence of necrobiosis (e.g., pyknosis) failed
to synthesize DNA or RNA. The number of necrotic areas
did not increase in the course of incubation, but a few
pyknotic cells usually appeared on the second and third day
of incubation. In all fragments, DNA and RNA synthesis was

much greater in the marginal than in the central areas (Figs.
11 to 15). With increasing depth there was a decrease in the
number of granules per cell and the number of cells with
granules. This was true with all types of tumors, rendering
quantitative determination of isotope uptake by grain counts
meaningless. We attributed this to decrease of availabilty of
tritiated thymidine and tritiated uridine with the depth of
the fragments by slowness-of diffusion and capture of the

isotope by cells in the peripheral area. The side of the
fragment resting on the moist rayon acetate presumably
receives more isotope than the upper side of the fragment.
Already Trowell (25), the originator of the modern organ
culture technique, noted the difference between survival of
cells in peripheral and central parts of the section and
attributed it to lack of oxygen availability.

Although organ cultures are composed of heterogeneous
types of cells the radioautography indicated that intense
uptake occurred only in tumor cells. Only relatively few
fibroblasts (Fig. 13) and other nonneoplastic cells were
labeled.

These findings on difference in isotope uptake at different
sites in the expiants indicated by radioautography do not
preclude interpretation of the differences in total radioactive
counts of isolated nucleic acid to be reported (24), since at
least 12 to 14 fragments were pooled for each extraction.

Important Variables: Oxygen Availability. The marked
differences in nucleic acid synthesis soon noted in the
duplicate samples induced us to search for causes of
variability. One of the variables soon controlled was the
maintenance of absolute humidity in the air. Another
variable noted was associated with the position of the dishes
in the tall incubator (Fig. 1). This induced us to place dishes
of various groups in symmetrical positions. Further, the
finding that tissues in dishes on the upper part of the
incubator (closer to oxygen inflow) synthesized more DNA
than those in the lower part (closer to outflow of the
oxygen) led us to design the type of incubator illustrated in
Fig. 2. This incubator was designed to minimize the problem
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of symmetry by the use of only 2 tiers and with one-half of
the dishes of each type placed on each tier. Table 2
illustrates the difference in DNA synthesis depending on the
position of the individual flasks probably due to differences
in oxygen availability. Tabulation of RNA values in the same
experiment between flasks in upper and lower tiers disclosed
a similar trend, the values in the lower tiers being smaller
than in the upper tiers.

It follows that each experiment must have its "internal"

controls by observing the absolute symmetry in the setup of
the various groups, including position of the flasks (oxygen
supply), and that absolute values of nucleic acid synthesis
obtained in different experiments are not comparable
because the oxygen flow rate was not standardized.

Control of uniformity of the oxygen supply to cells
remains a major problem in the utilization of organ cultures.
Necrosis and fibrosis of tumors in vivo are related to it,
hence the heterogeneity of tissue fragments obtained from
the same tumor. Further, the very difference in dependence
on oxygeh is a characteristic of diverse neoplastic cells as
indicated by the classical work of Warburg.

Table 2
Effect of oxygen availability on DNA synthesis of autonomous

fast-growing Strain 9D, Experiment 29

DNA synthesis (cpm/mg protein)

In normal serum In MtT serum
Tier" 2hr 24 hr

Upper
Lower1,630 94014,600 8,73035,300 17,05010,190 8,770

Mean 1,290 11,670 26,180 9,480

"See Fig. 2.
6Duration of pulsation after 12 hr of preincubation.

Effects of Insulin on Nucleic Acid Synthesis in Organ
Cultures of Mammary Glands and Diverse Types of Mam
mary Tumors. When we became aware of reports on
differences of growth of various types of tissues (embryonic,
adult normal, and neoplastic) attributed to insulin (reviewed
below), parallel cultures were set up with and without
insulin. The effects of insulin on DNA synthesis of 2 types
of mammary tumors are shown in Table 3. The data
uniformly indicate enhancement of DNA synthesis by
insulin.

On the basis of our data and that in the literature we
decided to use routinely 5 /Â¿ginsulin/ml medium. However,
the insulin problem still requires further clarification. Martin
et al. (16) discovered that MtT.WlS sera contain elevated
levels of insulin. According to them normal rat sera contain
55.0 microunits insulin/ml and MtT.WlS sera 125.3
microunits insulin/ml. The blood glucose of normal rats was
106.3 mg/100 ml and that of MtT.WlS rats 94.0 mg. (The
5-/Ltgportion of insulin added to cultures is estimated to be
125 microunits.) The level of insulin and glucose in the
blood of MtT-bearing hosts varies with the type of MtT and
with the duration of the tumor-bearing period (tumor size).

Table 3
Effect of insulin on DNA synthesis of the hormone-dependent MT449

and autonomous MT9B incubated in various types of sera

Tumor Experiment
strainNo.Dependent

MT449Autonomous17

21Type

of
female
serumNone

Normal
MtT
DES
NormalProtein"

(cpm/mg)Without

insulin590

2120
2780
5380
4580With

insulin6690

3370
4190
7280
7760

"Duration of pulsation was 12 hr after 12 hr of preincubation.
^Medium, 5 Mg/ml.

Earlier studies of Bates et al. (2) suggest that MtT.F4 which
has high adrenocorticotropin and MtH and low StH activity
also have elevated insulin levels. Since the weight of
MtT.WlS rats used in our studies was 50 to 100% greater
than that of those reported by Martin et al., it is probable
that the insulin levels in our MtT.W15 were higher.

It follows that insulin and glucose as well as other
hormones will have to be determined quantitatively in the
various sera to be used in organ cultures. Since the added
insulin raised the insulin content of the media containing
normal serum from about 3 to 128 microunits/ml and of
MtT sera from about 6 (possibly more) to 131 micro-
units/ml, the MtT effect cannot be attributed to its insulin
content.

COMMENTS

In attempts to distinguish in vitro between hormone-
responsive and autonomous tumors, organ cultures were used
because reports of others indicate good hormone responsive
ness in organ cultures and poor or no responsiveness in cell
cultures. While present studies disclosed a frustrating number
of simultaneous variables and problems incompletely solved,
by observing good symmetry in setting up the various types
of culture dishes and by hormonal stimulation, established
hormone-responsive tumors of the rat can be distinguished
from autonomous nonhormone-responsive tumors (24).

In most of the numerous relevant published studies (cf.,
Ref. 13) steroidal hormones were used. We avoided their use
in the present study mainly because the major direct
stimulants of the mammary gland are trophic pituitary
hormones and physiological effects of steroids on the
mammary gland are mediated by them.

Numerous investigators have demonstrated that many
hormones are involved in differentiation, growth, and
secretion of the mammary gland. The kind of hormones
which govern these events vary with the stage of mammary
development and change with neoplastic transformation (cf.,
Refs. 3, 7, 12, 13, 15, 26, 28). Elias et al. (5) found
decreasing requirements from normal to precancerous and to
neoplastic tissues. The relevant literature is rather confusing
because the biphasic and indirect effects of estrogen in vivo
(8, 10, 21) were not adequately considered. Prop (19) noted
that hydrocortisone produces milk secretion, progesterone
stimulates epithelial growth, and hydrocortisone and pro-
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gesterone together cause ductal hyperplasia. Estrogen and
progesterone are said to inhibit the embryonic gland (12).

Relatively little work was done in cultures on the effect of
pituitary hormones on mammary tumors, and the hormones
used were by necessity heterologous. Meites (17) found that
either MtH or StH could maintain the mammary duct system
in adrenogonadectomized rats; MtH and StH together
maintained the lobuloalveolar system in a state equal to that
of intact controls.

We attempted to circumvent the difficulties inherent in the
use of heterologous hormones of questionable purity by
incubating various types of mammary tumors and normal
mammary gland of the syngeneic W/Fu strain in various
types of sera of the same strain. The sera were obtained
from normal and castrated rats of both sexes and from DES-
and MtT-bearing rats. The latter are known to have high
levels of MtH and StH (27). The mammary gland is
stimulated by both of these hormones. Both are secreted by
acidophilic cells of the pituitary, and in man all "pure"

hormones tested have both activities (14, 29). In the rat
they are separable but have not been available in sufficient
quantities.

Certain technical defects of the system used remain to be
studied and corrected. Nucleic acid synthesis is extensive in
surface parts of tumor fragments and greatly restricted with
its depth. Means to improve access of oxygen and media to
the internal parts of the tumor fragments are needed.
Trowell failed to attain this by shaking the cultures (25). His
successors tried hyperbaric chambers with no success (D. R.
Lucas, personal communication). Perhaps a thin, uniform,
flat tissue section may be an improvement. Returning to
monolayer cell cultures would create basic unphysiological
handicaps such as rapid cell growth of many cell types, i.e.,
DNA synthesis due to removal of contact inhibition,
obscuring the preferential cell growth of neoplastic cells,
selections involved in cloning, etc.

Elias (4) and Prop (19) noted that insulin is essential for
the realization of effects by other hormones. Mitotic rate
increases with the dose of insulin (20). Insulin improves
survival of mammary tissues in TCI99. Corticosteroids lead
to further augmentation of survival (1). Reports on insulin
effect on DNA synthesis are reviewed and discussed in the
following paper (24).

Fractionation of MtT sera for hormonal activities is
feasible; also for the unknown, powerful, nonspecific growth
factors of normal sera other than insulin, as well as for the
fractions carrying androgens and estrogens. Application of
such fractions to organ cultures may bring us closer to
definition of the many physiological factors influencing the
mammary gland and characterization of the derangements
leading to autonomous and variously hormone-responsive
mammary tumors.
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Fig. 1. Commonly used gas flow container (36 x 12.7 cm) designed
by Dr. S. Graff for tissue cultures. Holds 5 dishes (diameter 3.5 cm)
per tier, a, assembled container; b, cover cylinder; c, dish holder. The
culture dishes are placed on the dish holder (c); the cover cyUnder
(b) is placed over it and sealed air-tight on its bottom with Vaseline
petroleum jelly. Arrows indicate gas flow. This container allows us to
set up 5 types of cultures, dishes of each type being placed on tiers
at different heights.

Fig. 2. Modified container (29.3 x 26.8 x 16 cm) to obtain better
symmetry. Holds 20 dishes per tier. A large open dish with water is
placed on top tier, a, humidifier with gas disperser in bottom; b,
outflow flask with water indicating outflow intensity by the rate of
bubbling.

Fig. 3. Usual appearance of the autonomous MT9B in a normal female. Note tendency for gland formations, absence of secretion, and
marked fibrosis. H & E, X 150.

Fig. 4. Same tumor with higher magnification. Note mitoses and anaplasia. H & E, X 400.
Fig. 5. Typical microscopic appearance of the hormone-responsive MT9A in a normal female. Note marked glandular differentiation and lack

of secretion. H & E, X 300.
Fig. 6. Same tumor in an MtT-bearing rat. H & E, X 400.
Fig. 7. Appearance of DES-dependent, recently isolated MT499. Note distinct glandular differentiation with some secretion. H & E, X 150.
Fig. 8. Higher magnification of MT499 from another DES-treated rat showing inspissated milk in alveoli. H & E, X 300.
Fig. 9. Primary MT.WB3 in an MtT-bearing rat. Note glandular differentiation and milk secretion. H & E, X 300.
Fig. 10. The stimulated, nonneoplastic mammary gland of a rat bearing MtT.F4, used in Experiment 19. Note the abundant milk secretion.

H & E, X 300.
Fig. 11. Radioautograph of an MT9B tumor fragment preincubated in TC199 containing 5% normal female serum for 12 hr, pulsed with

tritiated thymidine, and harvested 12 hr later. Heavy DNA synthesis in marginal areas diminishing rapidly with almost no labeled DNA in the
central part of the fragment. H & E, X 125.

Fig. 12. Higher magnification of same fragment showing the gradual decrease of labeling DNA. H & E, X 250.
Fig. 13. Another MT9B fragment similarly labeled, showing a large area of fibrosis and a small area of necrosis. H & E, X 125.
Fig. 14. Higher magnification of the area with fibrosis showing labeled DNA in few fibroblasts and in many tumor cells. H & E, X 250.
Fig. 15. Radioautograph of 2 MT9B fragments preincubated in TC199 containing 5% normal female serum for 12 hr, pulsed with tritiated

undine, and harvested 12 hr later. Note heavy RNA labeling of the marginal area of one fragment and light labeling of the other, both rapidly
decreasing towards the central parts. H & E, X 250.
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