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ABSTRACT

Mammary tumors induced in female Sprague-Dawley rats by feeding
7,12-dimethylbenz(a)anthracene (DMBA; 20 mg/100 g body weight)
were classified according to histolÃ³gica!criteria of tissue differentiation,
cellular atypia, and evidence of invasion. The 549 tumors could be placed
in three categories, nodular hyperplasia, nodular hyperplasia with atypia,
and carcinoma, and combinations of all three. Although tumors classified
histologically as carcinomas did not metastasize, upon transplantation to
the kidney capsule, a tumor classified as a carcinoma grew for eight
generations and metastasized. Tumor heterogeneity was a common find
ing in DMBA-initiated tumors. Carcinomas were an early lesion. As the
length of time between DMBA treatment and sacrifice increased, more
tumors with areas of carcinoma were found. Therefore, DMBA-initiated
tumors progressed to carcinomas either soon after initiation or later by
development within nodular hyperplasias. In 4 separate groups of animals
(74 adrenalectomized rats and 90 intact rats), postinitiation adrenalec-
tomy increased the numbers of carcinomas compared to intact animals.
This effect was consistently seen in the cervical and thoracic mammary
glands. We propose that the mechanism for enhancement of progression
to greater malignancy by adrenalectomy may be inhibition of differentia
tion of initiated cells in the absence of glucocorticoids.

levels were modified by (a) protecting the adrenals from
DMBA-induced necrosis by pretreating animals with metyra-
pone, (Â¿>)surgically removing the adrenals 6 days after DMBA
treatment, and (c) administration of exogenous corticosteroid
beginning 6 days post-DMBA, we found that the absence of
corticosteroids during the promotion phase of DMBA-initiated
mammary tumorigenesis results in enhancement of the carcin-
ogenicity of the drug while excess corticosteroids during the
promotion phase results in near total prevention of its carcin
ogenic effects.

This paper reports histopathological studies of the tumors
induced in these carcinogenesis experiments. The purpose of
these studies was to determine the effects of postinitiation
hormonal manipulation upon the histology of tumors induced.
When 549 tumors induced in these studies were classified by
histolÃ³gica! criteria of tissue differentiation, cellular atypia, and
evidence of invasion with loss of basement membranes, it was
found that the histology of mammary tumors initiated in rats
by DMBA was determined by the hormonal environment of the
host during the promotion stage of carcinogenesis.

INTRODUCTION

Chemical carcinogenesis in mouse skin was divided into
stages by Berenblum (1) in 1941. A two stage (initiation-
promotion) system of carcinogenesis is now considered descrip
tive of carcinogenesis in organs other than skin, including the
mammary gland (2-4). In the mammary gland, initiation is
thought to result from the direct interaction of a carcinogen
with the target cell to cause a biochemical lesion. Fixation of
this biochemical lesion by cell proliferation results in the initi
ated cell (5). The nature of the initiated cell is not known.
Factors such as the functional and histolÃ³gica! differentiation
of the gland (6, 7), the rate of cellular proliferation (8-10), the
rate of carcinogen metabolism (11), the level of carcinogenic
binding to DNA (12), and the rate of excision repair (13, 14)
may alter the extent of the initiation process. Promotion is the
process whereby the population of initiated cells is expanded
into nodules which progress to neoplasia (IS).

The dependency of mammary tumor development upon
postinitiation levels of ovarian hormones was demonstrated by
Dao (2). We have reported confirmation of these results and
also that a large dose of DMBA3 is not carcinogenic if animals
are hypophysectomized 6 days after initiation, even when pro-
lactin levels are increased by the presence of a pituitary trans
plant (16). Moreover, when adrenal function and hormone
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MATERIALS AND METHODS

Animals and Carcinogen

Female Sprague-Dawley CD rats were obtained from Charles River
Breeding Laboratories, Wilmington, MA. The carcinogen (DMBA)
was from Eastman Organic Chemicals, Rochester, NY. The DMBA
was dissolved in sesame oil (20 mg/ml) by gentle warming and 1 ml/
100 g body weight was administered i.g. (No. 9 French catheter) to
animals that had been deprived of food but not water for 5 h. The
average total dose of DMBA for SO-day-old rats was 32 mg. Animals
were given 0.9% saline containing 6% glucose to drink for 6 days after
DMBA treatment to compensate for toxic effects of the drug (i.e.,
decreased food consumption and adrenal necrosis).

Treatment Groups

Groups in this experiment are summarized in Table 1. Drug treat
ment groups (Table 1A) included animals receiving carcinogen at SOor
70 days of age; animals prÃªtrented with metyrapone (Metopirone; Ciba-
Geigy Corp., Summit, NJ), 20 mg i.p. at 12, 8 and 4 h before DMBA;
and animals given methylprednisolone acetate (Depo-Medrol; Upjohn
Co., Kalamazoo, MI), 2 mg i.m. 6 days post-DMBA and 1 mg i.m.
every 5 days thereafter. Surgical treatment groups (Table IB) included
control animals which did not receive DMBA but which either were
adrenalectomized or received a pituitary transplant. Animals in other
surgical treatment groups received DMBA at 50 or 70 days of age and
underwent surgery 6 days thereafter. Surgery was performed under
ether anesthesia and animals received 2.5 mg of hydrocortisone acetate
s.c. and 200,000 units of penicillin i.p. postoperatively. Surgical pro
cedures included ADX, PitX, ovariectomy, and PitTr, alone or in
combinations of two procedures. Hypophysectomy was by the para-
pharyngeal route. Pituitary transplant animals received a single pitui
tary from a 56-day-old donor which was transplanted to the subcapsular
space of the left kidney.

Necropsy and HistolÃ³gica!Procedures

Animals were killed with ether and autopsied. Visible nodules were
dissected from the hide, measured, and fixed in 10% neutral formalin.
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ADRENAL REGULATION OF MAMMARY TUMOR HISTOLOGY

Table 1 Tumor induction treatment groups and tumors

Mean
Mean No. of tumor

No. of survival tumors latency
Group animals (days) induced (days)

A. Drug treatmentgroups1.
Untreated2.
DMBA/50"3.

Metyrapone +DMBA/504.
DMBA/705.

DMBA/50 +DM*B.

Surgical treatmentgroups6.
Untreated +ADX7.
Untreated +PitTr8.
DMBA/50 +ADX9.

DMBA/70 +ADX10.
DMBA/50 + ADX +DM11.
DMBA/50 +PitTr12.
DMBA/50 + PitTr +ADX13.
DMBA/50 + PitX +OVX14.
DMBA/50 + PitX +PitTr15.
DMBA/50 +OVX16.
DMBA/50 + OVX + ADX914

(a)43
(b)24162032914

(a)30
(b)12201718222439331506712713110111115086641108010177652002001421300221413421200361214714168011056494948470567961386155192109112

" Age of animals (days).
* DM, Depo-Medrol; PitX, hypophysectomy; OVX, ovariectomy.

Nodules located on the hide at the site at which they were palpated
during life were recorded as appearing on the day first palpated. Small
nodules found at autopsy were recorded as appearing on the day of
sacrifice.

Fixed nodules were trimmed and embedded in paraffin. Sections
were cut at 5 Mm and stained with hematoxylin and eosin. Sections
were examined microscopically on a double blind basis. The number of
tumors found in each treatment group is given in Table 1.

HistolÃ³gica!Classification of Mammary Tumors

All nodules were examined microscopically. Nodules found to be
hyperplastic lymph nodes, dilated ducts, salivary glands, or epidermal
cysts were excluded from the data. Tumors of nonmammary origin,
including several spindle cell tumors of the ear lobe, two tumors of
Zymbols' gland, and one undifferentiated malignant tumor involving

the spleen, liver, and bone marrow, were also excluded. Five hundred
forty-nine nodules composed of proliferative breast tissue were classi
fied by the following criteria.

Nodular Hyperplasia (Predominantly Intraductal). Many distinct an
atomic areas composed of terminal ducts and associated lobules are
seen. Good connective tissue septae are found between the areas. Ducts
usually have more than one layer of cells. Increased numbers of acini
are found in the lobule. Ducts contain acellular slightly basophilic
material and may or may not be dilated.

Nodular Hyperplasia with Atypia. Histological characteristics similar
to those of nodular hyperplasia but with foci of pleomorphism and cells
occurring in small sheets are seen. In some cases lobules fuse together
obliterating the septae. This classification corresponds closely with type
B (well differentiated) tumors described by Stevens et al. (17) and
Archer and Orlando (18).

Carcinoma. There are marked pleomorphism and loss of basement
membranes between acini and stroma. Adjacent tissue is infiltrated by
small buds. These tumors correspond to type A (poorly differentiated)
tumors as described by Archer and Orlando (18).

The criterion for distinguishing between nodular hyperplasia with
atypia and carcinoma is evidence of invasion into adjacent tissue. While
invasion within atypical areas of these hyperplasias is seen as formation
of sheets of cells, adjacent tissue is not infiltrated. A higher degree of
pleomorphism is found in carcinomas than in nodular hyperplasias
with atypia and there is also a loss of basement membranes and a higher
mitotic index in carcinomas. Tumors classified as nodular hyperplasia
with atypia are considered benign lesions with neoplastic potential.

Other Characteristics. In addition to histolÃ³gica! characteristics of
nodular hyperplasia, nodular hyperplasia with atypia, and carcinoma,
some tumors were found to be composed entirely or in part of small

cells with a high nuclear/cytoplasm ratio and indistinct cytoplasmic
borders. These tumors were focally or entirely papillary; some were
classified as carcinomas and others as nodular hyperplasias with atypia
or nodular hyperplasias. Other tumors were found having collagen
deposition and separation of glandular elements. These areas of scle
rosis were found in some tumors of each class.

Tumor Transplantation

Immediately upon dissection of a tumor, small 2-3-mm2 pieces of
tumor, free from necrosis, were dissected and kept moist in Ringer's

solution. These pieces were transplanted to the subcapsular space of
the left kidney of 50 female Sprague-Dawley rats (55 days old) through
a small incision in the left flank. Animals were given 200,000 units of
penicillin postoperatively. Some animals were given methylpredniso-
lone acetate (Depo-Medrol; Upjohn Co., Kalamazoo, MI), 1 mg i.m.
on the day of operation and every 5 days thereafter. Others were
ovariectomized at the time of transplantation and left untreated or
given methylprednisolone acetate every 5 days.

RESULTS

Tumor Heterogeneity and Mean Latency

Heterogeneity in histolÃ³gica! pattern was found in most
tumors, and latency (in days) differed between tumors of differ
ent histologies. Small cell tumors (including those classified as
nodular hyperplasias, nodular hyperplasias with atypia or car
cinomas) had a shorter latency than the more common medium
cell carcinomas [60 Â±2 (SE) versus 70 Â±2 days]. Carcinomas
with areas of hyperplasia or atypia had longer latencies than
carcinomas (78 Â±2 days). Carcinomas with sclerosis had the
longest latency (90 Â±5 days). Nodular hyperplasias with atypia
or carcinoma had similar latencies to pure nodular hyperplasias.
Nodular hyperplasias with areas of sclerosis had the longest
latency of all lesions (112 Â±5 days). The distribution of these
histological patterns among the 549 tumors analyzed in this
experiment was as follows. Overall, 61% of the tumors were
medium cell carcinomas, but more than one-half of these had

areas of hyperplasia and/or sclerosis. Small cell tumors com
prised 13% of the total. Sclerosis was found in 14% of the
lesions. Basophilic material was observed in the ducts of 24%
of the tumors.

Distribution of Tumor Types in Experimental Groups (Table 2)

Tumors were divided into three major categories as defined
in "Materials and Methods": carcinomas (including tumors

with areas of hyperplasia and atypia); nodular hyperplasia with
atypia; and nodular hyperplasia. So that comparisons between
experimental groups could be made, the number of each type

Table 2 Distribution of tumor types (%)Â°

GroupDMBA/50

daysDMBA/50
daysDMBA/70
daysDMBA/50

days +ADXDMBA/50
days +ADXDMBA/70
days +ADXDMBA/50

days +PitTrDMBA/50
days + PitTr+ADXMean

survival
(days)6712710164110807765Carcinoma45.562.933.376.584.367.468.376.5Hyperplasiawithatypia40.921.423.88.813.217.422.013.2Hyperplasia13.615.742.914.72.515.29.710.3

Â°See Table 1 for total tumors per group. Numbers represent percentage of the

total number of tumors induced in each group characterized by histological criteria
described in "Materials and Methods."

3809

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/48/13/3808/2431665/cr0480133808.pdf by guest on 19 M

ay 2023



ADRENAL REGULATION OF MAMMARY TUMOR HISTOLOGY

of tumor was expressed as percentage of total tumors induced
in each experimental group (Table 2).

Compared to normal rat mammary gland, carcinomas rep
resent a great increase in cellularity and loss of tissue architec
ture (Fig. I, A and B). Carcinomas consist of pleomorphic cells
with indistinct cytoplasmic borders and nuclei with nucleoli.
There is no stroma between sheets of tumor cells (Fig. IB) and
cells are seen extending into, and compressing, muscle (Fig.
1C) or fat. In contrast, there is no invasion into the tumor
capsule in nodular hyperplasia with atypia (Fig. 2, A and B),
although cells become larger and form solid sheets in atypical
areas (Fig. 2C). In some tumors, hyperplastic and atypical areas
can be seen in the same microscopic field (Fig. 3/1). Higher
magnification shows hyperplastic areas with regular nuclei ar
ranged in a glandular pattern (Fig. 3B) and atypical areas with
cells having pleomorphic nuclei, indistinct cytoplasmic borders,
and loss of cell polarity (Fig. 3C). Nodular hyperplasias have
uniform cells making glands separated by stroma (Fig. 4A). In
some tumors, there is collagen separating the glands (Fig. 4B).

Effect of Time of Sacrifice. Groups of animals that were given
DMBA at 50 days of age were either short term or longer term
(Table 1). When the distribution of tumors in intact animals
given DMBA at 50 days and sacrificed at 67 days post-DMBA
was compared to those sacrificed at 127 days post-DMBA, a
difference in distribution of tumor types was found. Carcinomas
represented 45.5% of the tumors found in animals sacrificed
67 days post-DMBA and 62.9% of the tumors found in animals
sacrificed at 127 days post-DMBA. Tumors classified as hyper
plasia with atypia represented 40.9% of the tumors found 2
months after DMBA and 21.4% of the tumors found 4 months
after DMBA. These data suggest that lesions classified as
hyperplasia with atypia progress to carcinomas with time.

Effect of Age at Which Given DMBA. Huggins et al. (19) and
Dao (20) reported that as Sprague-Dawley rats aged past 60
days, susceptibility to mammary tumorigenesis decreased. An
imals given DMBA at 70 days of age and left intact had a mean
day of sacrifice of 101 days post-DMBA. These animals had a
distribution of tumor types different than those of either group
of animals given DMBA at 50 days of age, most notably seen
as a high percentage of nodular hyperplasias. Carcinomas rep
resented only 33% of tumors found in rats given DMBA at 70
days of age. While 42.9% of the tumors were hyperplasias in
animals given DMBA at 70 days of age, only 13.6 and 15.7%
of the tumors in animals given DMBA at 50 days of age with
mean survivals of 67 and 127 days, respectively, were hyperpla
sias.

Effect of Adrenalectomy on Distribution of Tumor Types.
Postinitiation adrenalectomy changed the distribution of tumor
types found in animals given DMBA at 50 days of age and
sacrificed at 64 days post-DMBA when compared to intact
counterparts. While 45.5% of the tumors found at this time in
intact animals were carcinomas, 76.5% of the tumors found in
ADX animals were carcinomas. Similarly, 84.3% of all tumors
were carcinomas in ADX animals and 62.9% were carcinomas
in intact animals when animals were given DMBA at 50 days
of age and sacrificed 110 and 127 days later, respectively. Only
2.5% of 121 tumors developing in this group of ADX animals
were hyperplasias.

Protection of the adrenals from DMBA-induced necrosis
with metyrapone resulted in only a slight change in distribution
of tumor types compared to intact animals when animals were
sacrificed 131 days post-DMBA. Carcinomas represented
70.6% of all tumors, nodular hyperplasias with atypia repre
sented 17.6%, and nodular hyperplasias 11.8% of all tumors.

Fig. I. A, normal rat mammary gland. H & E, x 250. B, carcinoma. H & E,
X 250. C, carcinoma extending into muscle. H & E, x 63.

However, 41% of the lesions in this group had sclerosis while
only 24% of the lesions found in intact animals sacrificed at
127 days and only 12% of the lesions in ADX animals sacrificed
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ADRENAL REGULATION OF MAMMARY TUMOR HISTOLOGY

Fig. 2. . I, nodular hyperplasia with atypia. H & E, x 63. B, intraductal Fig. 3. A, nodular hyperplasia with atypia. H & E, x 160. H, higher magnifi-
hyperplasia with atypia. H & E, X 63. C, nodular hyperplasia with atypia. H & cation of area of hyperplasia of A. H & E, x 430. C, higher magnification of
E, x 63. atypical area of A. H & E, x 430.
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ADRENAL REGULATION OF MAMMARY TUMOR HISTOLOGY

Fig. 4. I, nodular hyperplasia. H & E, x 63. B, nodular hyperplasia with
sclerosis. H & E, x 250.

at 110 days had areas of sclerosis.
Adrenalectomy of animals given DMBA at 70 days of age

also altered the distribution of tumors found compared to intact
counterparts. Again, in this group of animals, adrenalectomy
resulted in an increased incidence of carcinomas from 33.3%
in intact age-paired animals to 67.4% in ADX animals. While
42.9% of the tumors developing in intact rats given DMBA at
70 days of age were hyperplasias, only 15.2% of those devel
oping in ADX animals were hyperplasias.

Small cell tumors were found in higher frequency in all groups
of ADX animals than in intact counterparts. In ADX animals
sacrificed at 110 days, 21% of the tumors were composed of
small cells. Small cell tumors were not found in animals given
DMBA at 70 days of age and left intact or in metyrapone-
treated animals.

Effect of PitTr on Distribution of Tumor Types. The distri
bution of tumor types found in PitTr animals was different
from those found in intact animals sacrificed at approximately
the same age, with carcinomas representing 68.3 and 76.5% of
all tumors in PitTr and ADX + PitTr animals, respectively
(versus 45.5% of all tumors in intact animals).

Tumors Arising in "Inhibited" Groups. As described earlier

(16) and seen in Table 1, postinitiation ovariectomy or treat
ment with methylprednisolone acetate resulted in profound
inhibition of tumorigenesis. However, 10 tumors arose in ovari-
ectomized animals and all were carcinomas. Five tumors arose
in ADX-ovariectomized animals: 1 was a carcinoma; 2 were
nodular hyperplasias with atypia; and 2 were nodular hyperpla
sias. All 3 tumors arising in methylprednisolone-treated ani
mals were carcinomas.

Regional Distribution of Tumors

Distribution of all tumors in each experimental group of
these studies indicated a predilection for the three pairs of
thoracic and cervical mammary glands. Overall, in nine exper
imental groups, 69% (Â±4%) of all tumors were found in these
glands. When the incidence of carcinomas was expressed as
percentage of the total number of tumors in the three pairs of
thoracic and cervical mammary glands or in the three pairs of
abdominal and inguinal mammary glands, it was found that
adrenalectomy consistently enhanced the incidence of carcino
mas in the upper three pairs but not in the lower three pairs of
mammary glands.

Tumor Transplantation

Since DMBA-initiated carcinomas rarely, if ever, metasta-
size, the definition of carcinomas is based solely on histolÃ³gica!
characteristics in this model. To test if a tumor histologically
classified as a carcinoma had metastatic potential, tumor trans
plantation studies were done. The tumor appeared 45 days after
DMBA in the right axillary mammary gland of an intact rat
receiving methylprednisolone acetate every 5 days. The tumor
grew rapidly and measured 4.5 x 4.5 x 2.0 cm 21 days later. At
autopsy, there was no sign of distant metastasis. Small pieces
of this tumor (approximately 2-3 mm2) transplanted to the

subcapsular space of the left kidney grew in some animals into
tumors measuring up to 9 cm in diameter. The tumor was
maintained by serial transplantation to the left kidney subcap
sular space for eight generations over 21 months. The tumor
grew in 34 of 61 animals receiving transplants during this time.
Besides invading and destroying the left kidney in all animals
with tumor growth, the tumor metastasized in 14 animals.
MÃ©tastaseswere found in the spleen, thymus, lungs, mesentery
(involving the intestinal wall), retroperitoneal and axillary
lymph nodes, and abdominal wall. Frequently mÃ©tastaseswere
found at the incision site. Tumor growth and mÃ©tastaseswere
found both in animals left untreated and in animals receiving
methylprednisolone acetate, 1 mg i.m. every 5 days. The tumor
was independent of ovarian hormones inasmuch as growth and
metastasis occurred in ovariectomized animals (both untreated
and then receiving methylprednisolone acetate every 5 days).
Histologically, transplanted and metastatic tumors were com
posed of cords of cells with indistinct cytoplasmic borders (Fig.
5, A and B). Nuclei had a vesicular chromatin pattern and
nucleoli. Glandular elements were variable ranging from nu
merous to occasional. At both the kidney transplant site and at
the site of metastasis, tumor cells could be seen compressing
and invading adjacent normal parenchyma (Fig. 5, A and B).

DISCUSSION

One of the strengths of the DMBA-initiated mammary tumor
model in female Sprague-Dawley rats is the close resemblance
of the induced tumors to tumors found in women, in terms of
both their hormonal sensitivity and their histology (19, 21-26).
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ADRENAL REGULATION OF MAMMARY TUMOR HISTOLOGY

Fig. 5. HistolÃ³gica! characteristics of DMBA-initiated carcinomas trans
planted to left kidney capsule. A, tumor growing under kidney capsule. H & E, x
250. B, tumor metastatic to left axillary lymph node. H & E, x 250.

All the histolÃ³gica! patterns commonly seen in women are
found in female Sprague-Dawley rats following exposure to
DMBA (24). In the present paper, DMBA-initiated mammary
tumors are separated into three major classes of tumors: nod
ular hyperplasia; nodular hyperplasia with atypia; and carci
noma. Nodular hyperplasia can be of two types, intraductal and
lobular. Lobular hyperplasia was described by Young and Hal
lowes (24) and has been called milk-secreting adenomata by
Daniel and Prichard (25, 26) and grade C tumors by Stevens et
al. (17). This tissue closely resembles normal mammary gland
during pregnancy and lactation. These tumors have been shown
to develop from hyperplastic alveolar nodules arising more than
35 days post-DMBA (27). Lobular hyperplasias become pal
pable after neoplastic lesions (25, 26). They can spontaneously
regress (17, 18). In this series of experiments, when animals
are sacrificed by 21 weeks post-DMBA, lobular hyperplasias
and related lesions (sclerosing adenosis and fibroadenomas) are
rare. The majority of tumors classified as nodular hyperplasias
in this experiment are intraductal hyperplasias. These lesions
may represent an early stage in the evolution of DMBA-initi

ated tumors since the majority of tumors found at autopsy are
heterogeneous with areas of hyperplasia, atypia, and carcinoma.
Nodular hyperplasia with atypia is similar to well differentiated
grade B tumors described by Stevens et al. (17) and Archer and
Orlando (18). Stevens et al. (17) demonstrate that grade A
tumors (corresponding to carcinomas in the present classifica
tion) can be distinguished from grade B tumors (corresponding
to nodular hyperplasia with atypia) by rate of DNA synthesis.
Moreover, while 71-79% grade A tumors grow, 56-61% of the
grade B tumors have a static growth pattern (17, 18).

Like most breast tumors in women, DMBA-inuitiated mam
mary carcinomas in Sprague-Dawley rats are of ductal origin;
they do not evolve from hyperplastic alveolar nodules (in con
trast to mice with the mammary tumor virus) (27-29). Tumors
of this histology appear early (25, 26). In the study of Russo et
al. (27), the first evidence of neoplastic transformation is hy
perplasia of the terminal duct end-bud epithelium resulting in
"piling up" of cells to 4-6 layers thick. Hyperplasia begins 14
days post-DMBA with progressive replacement of small dark
cells by large cells (27). Sinha and Dao (29) report that as early
as 20 days post-DMBA, 42% of the treated rats have micro
scopic lesions originating in the lumen of mammary ducts with
histological characteristics of mammary adenocarcinoma. The
present histological analysis of DMBA-initiated tumors in
Sprague-Dawley rats indicates that in this model, progression
to carcinoma can occur very early or late. Tumor progression,
as discussed by Foulds, "applies to the development of a tumor

by permanent, irreversible changes in structure or behavior . . .
a tumor does not necessarily traverse all the theoretically pos
sible intermediate stages of development but may vault or
bypass them" (30). The present data, as well as the data of

Russo (27), and that of Sinha and Dao (28, 29), indicate that
in this model, carcinomas can arise soon after initiation with a
short, if any, preneoplastic stage. In the present experiments,
we find that autonomy from ovarian hormones can also occur
early since 10 carcinomas arose in rats ovariectomized 6 days
post-DMBA. However, our observation that in animals sacri
ficed at 67 days post-DMBA, carcinomas represent 45.5% of
the lesions found, while in animals sacrificed at 127 days of
age, carcinomas represent 62.9% of all lesions, gives evidence
that the sequential development of tumors also occurs in this
model. While 40.9% of tumors in animals sacrificed at 67 days
are nodular hyperplasias with atypia, this lesion represents only
21.4% of lesions in animals sacrificed at 127 days. This suggests
that nodular hyperplasia with atypia is a precursor lesion to
carcinomas.

Postinitiation adrenalectomy increases tumor yield and inci
dence and decreases tumor latency (16). Here, we report that
postinitiation adrenalectomy changes the distribution of tumor
types developing in DMBA-treated animals. ADX animals have
fewer tumors with sclerosis and more tumors composed of
small cells. Proportionately greater numbers of carcinomas are
found in four separate groups of animals adrenalectomized
after receiving DMBA (see Table 2). Only 2.5% of the 121
tumors developing in the group of ADX rats with a mean
survival of 110 days were hyperplasias. This effect cannot be
attributed solely to increased circulating prolactin known to
occur after adrenalectomy (31) because animals receiving a
pituitary transplant and therefore having increased levels of
circulating prolactin (32) have proportionately fewer carcino
mas than ADX animals or PitTr + ADX animals. It has been
shown in vitro that adrenal hormones are essential for differ
entiation of mammary tissue (33). This suggests that the mech-
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anism by which adrenalectomy promotes the development of
increased numbers of carcinomas is inhibition of differentiation
of initiated mammary cells. As discussed by Farber and Cam
eron (5), such a "block in differentiation" can be considered a

stimulus for the progression of a precursor lesion to the next
stage of malignancy. By preventing differentiation, proliferation
of initiated cells occurs. We conclude that adrenalectomy causes
both promotion (selective proliferation of initiated cells to form
nodules) and progression of DMBA-initiated cells to a more
malignant state.

It is noteworthy that adrenalectomy of older Sprague-Dawley
rats not only eliminates the resistance to tumor induction that
occurs with age but also increases the proportion of carcinomas
that are induced from 33 to 67%. Earlier data have suggested
that it is the relative functional immaturity of the adrenal-
pituitary axis that makes 50-day-old Sprague-Dawley rats more
susceptible to DMBA-initiated carcinogenesis than 70-day-old
rats (34).

In this experiment (as well as in many other laboratories
using this model (17, 23-26)), mÃ©tastaseswere not observed.
However, in all other characteristics, DMBA-initiated carci
nomas closely resemble malignant breast tumors found in
women. Transplantation studies reported here indicate that a
DMBA-initiated tumor that is non met astatic in situ, but has
the histological characteristics of carcinoma, when transplanted
to the kidney capsule will grow and metastasize. Therefore, the
absence of mÃ©tastasesin this model may reflect host factors
rather than a biological property of the induced tumors.

It is known that in women there is a predilection for breast
tumors to develop in specific sites (35). Many investigators
studying DMBA-induced mammary tumors in Sprague-Dawley
rats report that approximately 70% of all tumors occur in the
cervical and thoracic mammary glands (18, 24, 35, 36). Intra-
ductal proliferations first appear in these glands (27). Quanti-
tation of the number of terminal end buds in the thoracic and
abdominal mammary glands indicates that the number of these
histologically undifferentiated structures within which prolif
erations arise is significantly higher in the thoracic glands than
in the abdominal glands (37). Our results confirm these findings
as 69% of all tumors arose in the thoracic and cervical mam
mary glands. Additionally, we find that adrenalectomy consist
ently increases carcinoma incidence in the thoracic and cervical
mammary glands but not in the abdominal and inguinal mam
mary glands. Therefore, the thoracic and cervical mammary
glands appear to be more susceptible to initiation, to promotion,
and also to progression.

We conclude from these experiments (see also Ref. 16) that
alteration in adrenal physiology subsequent to DMBA treat
ment of Sprague-Dawley rats is an important factor in this
model. Moreover, we find that postinitiation adrenalectomy
results in mammary tumor promotion and progression. The
mechanism by which postinitiation adrenalectomy results in
mammary tumor promotion and progression could be by inhi
bition of differentiation of initiated mammary epithelial cells
in the absence of glucocorticoids.
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