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Ovarian hormone dependence of pre-malignant and malignant mammary
gland lesions induced in pre-pubertal rats by
1-methyl-1-nitrosourea

Henry J.Thompsont3, John McGinley?, ments is used in deciding on the treatment a patient receives and
Kim Rothhammer?! and Meenakshi Singi also is of prognostic importance (2). Despite the significance of
Ipivision of Laboratory Research, AMC Cancer Research Center, this issue, there is little that is known_about the mechanisms
1600 Pierce Street, Denver, CO 80214 &Bépartment of Pathology, that . account for the ho_rmonal requirements of mammary
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Denver, CO 80262, USA several questions that is central to this issue is whether
3To whom correspondence should be addressed a mammary epithelial cell's independence from hormonal
Email: thompsonh@amc.org requirements is established at the time of carcinogenic initi-

The experiments reported in this study were designed to ation, or whether the emergence of hormone independence is
examine the question of whether a mammary epithelial ~@ssociated with the process of tumor progression (3). Recently,
cell's independence from hormonal requirements is estab- @ hypothesis was advanced to explain the origin of the different
lished at the time of carcinogenic initiation, or whether the ~ but predictable frequencies of hormone dependent and hormone
emergence of hormone independence is associated with the independent carcinomas that are observed in humans, mice
process of tumor progression. A newly developed rat model and rats. That hypothesis proposes that the ratio of replicating
of mammary carcinogenesis was used in which the latency luminal mammary epithelial cells that are directly ovarian
period to lesion detection is very short and in which the” hormone responsive at the time of carcinogenic insult to the
frequencies of both pre-malignant and malignant mam- number of luminal mammary epithelial cells that are indirectly
mary lesions can be quantified. Two experiments were Ovarian hormone responsive at the time of carcinogen insult,
conducted in Sprague-Dawley rats injected with 50 mg determines the subsequent frequencies of hormone dependent
MNU/kg body wt at 21 days of age. In the first experiment {0 hormone independent carcinomas (3). The experiments
47 animals were ovariectomized after the detection of a reported in this study were designed to examine this question
mammary tumor of palpable size. Forty-six of the 47 USing a newly developed model of mammary carcinogenesis
tumors assessed, all of which were subsequently classified in Which the latency period from carcinogen administration to
as mammary gland adenocarcinomas, regressed to050% of  the detection of mammary carcinomas in all carcinogen-treated
their initial volume within 14 days of bilateral ovariectomy. ~ ats is ~5 weeks (4). Assessment of the hormone dependency
However, both pre-malignant and malignant mammary  ©f mammary tumors during this short latency period increases
gland lesions were observed when animals were killed. In the probability that the hormonal requirements of the tumor
Experiment 2 a total of 60 rats were ovariectomized 7 days for maintenance or growth would be attributable to events
after MNU was injected. At 35 days post carcinogen associated with initiation rather than progression. Moreover,
ovariectomized animals had a higher incidence of intraduc- ~ the frequencies of both pre-malignant and malignant mammary
tal proliferations than sham-operated controls @ = 0.03);  lesions can be quantified using this model system. To our
there was no effect of ovariectomy on the incidence of Kknowledge there are no reports concerming the hormone
ductal carcinoma in situ or carcinoma. The multiplicity ~ dependence of pre-malignant stages of chemically-induced
of intraductal proliferations was increased by 58% in ~ Mammary carcinogenesis in the rat. Such knowledge could
ovariectomized rats @ = 0.12), but the number of mam- @ISO contribute to understanding the origin of the hormone
mary carcinoma per rat was reduced (3.8 vs. 1.57, independent phenotype.

P = 0.02). These data are consistent with the hypotheses

that the progression of pre-malignant to malignant lesions  Materials and methods

is inhibited in the mammary gland by ovariectomy and

that the hormone independent phenotype can be conferred ~General procedures
at the time of carcinogenic initiation. Female Sprague—Dawley rats were obtained from Taconic Farms, Germantown,
NY at 20 days of age. At 21 days of age animals were injected i.p. with
50 mg 1-methyl-1-nitrosourea (MNU*)/kg body wt as previously described
by our laboratory (4). Rats were housed three per cage in an environmentally-
Introduction controlled room maintained at 22°C and 50% relative humidity with a 12 h
.. . . light—dark cycle. They were fed a purified diet (AIN-76A) and distilled water.
A C“nlc.a”y Important phenotype of a breast cancerIs whethelat necropsy, rats were skinned and the skin was examined under translucent
or not it requires the presence of hormones, particularly thoskght. The cervical-thoracic glands were evaluated for the presence of grossly

of the ovary and pituitary, for its proliferation. If hormones detectable mammary tumors. All tumors were excised and processed for

are required, the cancer is classified as hormone dependeHFtopathological analysis. The abdominal-inguinal mammary _glands were
carefully excised and spread onto cleanx5® mm pre-labeled microscope

yvhereas, '_f _'t does not requwe_these hormones for pm“feratlonslides. These whole mounts were processed for evaluation as previously
it is classified as hormone independent (1). In women th&escribed and were photographed at uniform magnification (4). Thereafter all
classification of breast carcinomas based on hormonal requirégsions detected by inspection of wholemounts at 2X magnification were
dissected using the photograph to provide a permanent identification record
of the location and gross morphology of a lesion. Dissected lesions were
*Abbreviations: DMBA, 7,12-dimethylbenz]anthracene; MNU, 1-methyl- processed and histologically classified (5). Statistical analyses for significant
1-nitrosourea. differences in lesion types among treatment groups were evaluated. Incidence
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Table I. Frequency of intraductal proliferations, ductal carcindmaitu and carcinoma in rats ovariectomized after the detection of a mammary tumor of
measurable dimensions

Lesion type Incidence Multiplicity
No. of rats with specified lesion type % No. of lesions Average no. per rat
Intraductal proliferation 14 27.7 17 0.4
Ductal carcinoman situ 8 12.8 8 0.2
Adenocarcinoma 47 100 189 4.0

A total of 47 rats injected with 50 mg MNU/kg body wt at 21 days of age were studied. When a rat was found to have a mammary tumor of measurable
dimensions ¥1 cm) it was bilaterally ovariectomized and tumor size was measured for 14 additional days or until the tumor regressed to an immeasurable
size. The data reported in this table represent the lesions that were found in the mammary glands at necropsy and/or upon inspection of mammary gland
wholemount preparations.

was evaluated by the Fisher exact test and differences in tumor count bgnimal was euthanized and necropsied. A total of 46 of 47

square root transformation followed by analysis of variance (6). tumors studied regressed to a sizB0% of their initial volume,
Experimental design and thus were categorized as ovarian hormone dependent (data
Two experiments were conducted. not shown). One tumor grew to a size that exceeded 150% of

Experiment 1Fifty rats were injected with MNU. They were palpated three jts initial volume and was classified as hormone independent.

times per week with the intent to detect mammary tumors having dimensiongased on histopathological classification, all these tumors were
that were measurable using a vernier caliper (tumors were at least 1 cm i

diameter). When an animal's mammary tumor attained or exceeded thiEﬂammary gland adenocarcw_]omas. At necropsy, a”_ lesions
dimension, the animal was bilaterally ovariectomized, and tumor measurementba.t were depecta_ble were EXC|~°{ed and process.e_d for h!StODathO'
were performed daily for 14 days. The size of a tumor was determined as ittogical classification. These lesions were classified as intraduc-
two largest perpendicular dimensions and these data were used to compuig| proliferations, ductal carcinomia situ and carcinoma and
volume using _the fo_rmula for an ellipsoid. Th_e measured tumor was classmeqhe frequency of their occurrence is summarized in Table .
as growing if it attained a volume-150% of its maximum pre-ovariectomy 0 hundred t of th . s had - ith
volume, as static if its volume was between 50 and 150% of its maximum ne hunare percen. 0 € animails ha carcmomas with an
pre-ovariectomy volume, and regressing if its volume was0% of its ~ average of four carcinomas per rat. A total of eight ductal

maximum pre-ovariectomy volume. When a rat was euthanized, the tumocarcinomain situ and 17 intraductal proliferations also were
that was measured was excised for histological classification. In additomhserved.

mammary gland whole mounts were prepared and evaluated for addition% .

lesions. The duration over which this experiment extended was 120 days postXPeriment 2

carcinogen treatment. This extended time frame relative to the protocol use@fhe purpose of this experiment was to determine the incidence
in Experiment 2 (described below) is important to note. Cancer endpoint datgnd number of mammary gland intraductal proliferations
between these experiments are not directly comparable for the followin : P : . ’
reasons. By the nature of the experimental design, ovariectomy was n _UCtaI g:arcmoman situ and aden_ocarcw_]oma in rats that W‘?re
performed until a mammary tumor of measurable dimensions was detect-:-:@'thelr Intact or t_hat were Ova”eCtomm?d 7 d_aY_S fOllo_ng

on each animal. Thus the age of the animal and the time post carcinogen th@arcinogen injection. It was also determined within the intact
ovariectomy occurred varied among animals in this experiment. A secondats whether the sham surgical procedure affected the carcino-
major difference in experimental protocols arising from this was that the tim enic response. Rats were killed 35 days post carcinogen All
post carcinogen that animals were euthanized also varied; the range we% . = . - .

70 days. thsmns were h{f‘totpathologlcallygla_?ﬁlfleﬂ. Table II'su[nmanzg_\s
Experiment 2.A second experiment was designed to determine how many e rlesgc.msezz; W(;:ls O Se.rveh ’ ebS ar? surgica pTOC.e ure
and what type of mammary lesions would emerge in rats that were ovariectonrf€SUlte€d In @ 22% reduction in the number of mammary lesions
ized one week following carcinogen administration. A similar protocol hasObsel'V_ed. The pattern of lesion occurrence indicated that thIS
been reported by our laboratory and for the investigation of hormonereduction of lesions was fully accounted for by a decrease in
i”depef“iient_cafdnomasl if(‘7f§)ts TUhSing the ‘?Of?]}(e”tiogé‘f'f' MNU ;“ammr?fyadenocarcinomas; the number of ductal carcinimsitu and
tumor induction protocols (7,8). The most significant difference from that; : : : ~

protocol was that 28 day old rats were ovariectomized; female Spraguel—mracIUCtaI proliferations was un.affeCted in the sham-treated
Dawley rats of this age do not have fully functional ovaries and are notcONtrol rats versus those that did not undergo surgery. Thus
undergoing regular estrous cycles (9). A total of 60 rats were injected witfor the comparison of the effect of ovariectomy, the sham-
MNU at 21 days of age. They were then randomized into two groups of 30surgery control was used as the referent group. As shown in
Wheress the oiner group (control Iniact group) andenwent efter no surgeri 201C | here was a 59% reduction in the number of carcinomas
(n = 15) or sham surgeryn(= 15). Rats were maintained for an additional th Oovgrlectoml_zed rats; howev.er’ uneXpeCtequ th.ere \.Nas a
28 days and then were euthanized and necropsied as described above. ~ 28% increase in the number of intraductal proliferations in the

ovariectomized group. Overall, there was a 22% reduction in

Results the total number of mammary lesions in ovariectomized versus
_ sham-operated rats. The incidence data, also shown in Table
Experiment 1 Il indicate that ovariectomy caused a significant increase in

Of the 50 rats assigned to this experiment, one died duringhe incidence of intraductal proliferationp (= 0.03); the
surgery to remove the ovaries and two animals had tumorcidence of ductal carcinomia situ or adenocarcinoma was
that did not reach a measurable size. Thus the effects afot affected by ovariectomy. The ovariectomized rats in this
bilateral ovariectomy were studied in 47 rats. The first palpablexperiment had a final group mean body wt of 1864 g;
mammary tumor reaching a measurable size in each of thesmth the sham surgery and no surgery controls had a final
47 rats was evaluated for its response to bilateral ovariectomgroup mean body wt of 15% 4 g. This difference of 20% in
These tumors were measured daily for 14 days or until a tumadoody wts between ovariectomized and intact rats was statistic-
regressed by>50% of its initial volume at which time the ally significant f < 0.05).
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Table II. Effect of ovariectomy on the occurrence of pre-malignant and malignant mammary gland lesions

Lesion type No surgery Sham surgery Ovariectomy
Incidence Multiplicity Incidence Multiplicity Incidence Multiplicity
(%) No./rat (%) No./rat (%) No./rat
IDP 60 1.33 53.3 1.47 86.7 2.33
DCIS 46.7 0.60 40 0.73 33.3 0.57
AC 100 4.87 80 3.8 80 1.57

Fifteen rats were randomized to each control group and 30 rats to the ovariectomy group. There were no statistically significant differences in the incidence
multiplicity of any type of lesion between the two control groups, although the incidence of carcinomas was reduced By=2@227. Fisher exact test)

and multiplicity was reduced by 229 (= 0.12, ANOVA on square root transformed data) in the sham surgery group versus the no surgery group. The sham
surgery group was used as the referent group in analyzing the effect of ovariectomy. Ovariectomized rats had a higher incidenBe=oDID®) @lthough

the 58% increase in multiplicity was not statistically significaht=f 0.12). Ovariectomy had no statistically significant effect on the occurrence of DCIS.
Ovariectomy significantly reduced the multiplicity of A®@ & 0.02) without affecting the incidence of AC.

Discussion ovarian hormones for their maintenance and/or growth. The
Eesults of Experiment 2, which are shown in Table I, are to

In rat mammary carcinogenesis induction protocols that hav : , ;
been routinely used for the last 30 years, 50 day old Virglinour knowledge the first report of the influence of ovariectomy

female animals are injected with either MNU or 7,12-dimethyl- " the occurrence of pre-malignant mammary gland lesions in
benzplanthracene (DMBA) (1). At this age the rat is experienc-f[he rat. The data presented provide a number of important

ing normal estrous cycles and the mammary gland is rapidl' sights. First, the data in Table I indicatg the importancg of
growing and undergoing ‘branching morphogenesis’ in ctually performing a complete sham surgical procedure since
failure to do this would result in an overestimation of the

response to hormonal stimulation (10). Mammary carcinoma . X .
emerge over a 6 month period, and depending on the e)(pe';?_rotectlve effect of ovariectomy. Sham surgery itself conferred
. protective effect which was manifest primarily on the

mental approach used to determine their hormonal require? . .
PP d currence of carcinoma (4.87 vs 3.80 carcinomas per rat,

ments, between 65 and 80% are judged to require hormonﬁf . . i .
for maintenance and growth (1,3). Thus chemically induced” = 0-12). While this effect was not statistically significant
ven the statistical power of the study, it was judged of

rat mammary carcinogenesis is considered a good model fof. ) - '
this aspect of the human disease, although the proportion &iological relevance to note the existence of this effect,
hormone dependent carcinomas in the rat is generally high&rticularly given that stress of various types has been reported
than reported in the human populations (3). The model useff inhibit mammary carcinogenesis (1). As expected ovari-
in the experiments reported in this study differs from the€CtOMy was protective against the occurrence of mammary
‘conventional rat mammary carcinoma induction model’ men-carcinomas (3.80 vs 1.57) and ductal carcindmaitu (0.73
tioned above in that rats were injected with MNU at 21 daysVS 0-57). However several observations were completely un-
of age. In Sprague-Dawley rats of this age, vaginal openingnticipated. First the incidence of mammary carcinoma was
has not occurred (vaginal opening occurs at 31.6 days of adégh (80%) and was not affected by ovariectomy. In other
[95% CI 30-33 days of age] (9) and the animals do not initiatéVOrk performed by our laboratory in which animals were
an estrous cycle for approximately two weeks (first estrus aifitiated at 50 days of age and ovariectomized 7 days later, a
33.9 days of age [95% Cl 3235 days of age](9). Despite thisdramatic reduction in the incidence of carcinoma was observed
the mammary glands are undergoing rapid extension of th€l00% vs 25%, intact vs. ovariectomized, respectively) (8).
mammary ductal tree into the fat pad. However, since thisrthus this is strong evidence that is consistent with the
proliferation is occurring in the absence of mature ovariarhypothesis that a greater prevalence of the hormone independ-
function, meaning that levels of ovarian steroids are likely toent phenotype would occur in rats initiated with MNU prior
be lower than those reported in sexually mature rats, it wa$0 sexual maturation. A second unanticipated finding was that
hypothesized, as suggested in reference 3, that a greaﬂé\e mcllder_lce as yvell as_the number of_lntraducta[ prollferatl_ons
proportion of mammary carcinomas induced in 21 day old rat®ccurring Iin ovariectomized rats was increased in comparison
would be hormone independent. to the sham surgery control (2.33 vs 1.47, respectively). Of
The fact that the majority of mammary carcinomas assesseifie several implications of this finding, one of particular
in Experiment 1 regressed indicates that mammary epithelidnterest is that the conversion of intraductal proliferations to
cells initiated by treatment with MNU at 21 days of age giveductal carcinoman situ and carcinomas appears to have been
rise to carcinomas that are dependent on ovarian hormonéghibited in the absence of ovarian hormones while the
for their maintenance and growth. This observation appeardevelopment of initiated cells to morphologically identifiable
not to support the study hypothesis that initiating rats at 21 day#PP was not. Whether these observations reflect a requirement
of age would induce more hormone independent mammarfor the attainment of a sufficient concentration of locally
carcinomas. However, the fact that there were on average foyroduced growth factors in emerging clones of transformed
mammary carcinomas per rat in Experiment 1 suggested theells to progress to a malignant phenotype is not known, but
need for a more rigorous evaluation of the study hypothesisepresents one of several hypotheses that can be tested in light
before its rejection, and prompted the second experiment. Thef this unanticipated result. Relative to the apparent block in
results of Experiment 2 provided guantitative data concerninghe progression of lesions from the intraductal proliferation
the prevalence of populations of pre-malignant and malignargtage to a malignant phenotype, the question arises as to
mammary epithelial cells that did not require the presence aivhether the block is permanent, or if these intraductal prolifera-
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tions ultimately progress to carcinomas. We speculate tha®.Russo,J., Russo,l.H., Rogers,AE., VanZwieten,M.J. and Gusterson,B.
pre-malignant lesions will ultimately progress; however, this 2179_97‘?3) Tumours of the mammary glandRC Scientific Publication®9,
queStion is of considerable importance and merits direCtG.Snedaéor,G.W. and Cochran,W.G. (19&tatistical Methods6th Edn.
experimental evaluation via transplant analysis in appropriate |owa State Univeristy Press, Ames, IA.

inbred models. If our speculation about the conversion of theser. Thompson,H.J., Meeker,L.D., Tagliaferro,A.R. and Becci,P.J. (1982) Effect
hormone independent intraductal proliferations to carcinoma ‘rjrfa:ﬁ;'g' ?;tégfs ‘i)n”thoe"?gt?nCg?fggsnizfegso%o“s've and nonresponsive
is validated, it would suggest that in addition to prophylactic 8.Thompso¥1,H.J. and RonanAM. (1986) Effect ofoL-2-
efforts to manipulate ovarian function in women harboring pre-  gifluoromethylornithine and endocrine manipulation on the induction of
malignant mammary epithelial lesions, that adjuvant treatment mammary carcinogenesis by 1-methyl-1-nitrosour@arcinogenesis?,
directed against growth factors produced by emerging foci of 2003-2006.

hormone independent cells might be of additional benefit. 9 §{onsonFH and Rissman,E. (1986) Biology of pubeiipl. Rev, 61,

Wh'le ovariectomy did ,feSlﬂt '_n a lower number of 10.Russo,l.H. and Russo,J. (1978) Developmental stage of the rat mammary
carcinomas and ductal carcinormasitu, the total number of gland as determinant of its susceptbility to 7,12-dimethyl-

premalignant and malignant mammary gland lesions observed benz(a)anthracend. Natl Cancer Insf 61, 1439-1449.

was only-reduced 25% by Ovariecmm-y whereas in the work eceived on August 5, 1997; revised on November 3, 1997; accepted on
repo_rt_ed in ref_erence 8, a 84% reduction was obs_erved \_/vh vember 24, 1097 ’ ‘ ’
rats injected with MNU at 50 days of age were ovariectomize

7 days later and subsequently observed for mammary tumor

occurrence. Thus the results of Experiment 2 indicate that

a greater proportion of mammary carcinomas induced by

carcinogenic insult of the immature mammary gland do not

require the presence of the ovaries for their maintenance and/

or growth. This finding is consistent with the hypothesis of

Nandi and coworkers that the ratio of replicating luminal

mammary epithelial cells that are directly ovarian hormone

responsive at the time of carcinogenic insult to the number of

luminal mammary epithelial cells that are indirectly ovarian-

hormone responsive at the time of carcinogen insult, determines

the subsequent frequencies of hormone dependent to hormone

independent carcinomas (3).

In summary the data presented in this study have important
practical as well theoretical implications. From a practical
standpoint, they show that both ovarian hormone dependent
and independent mammary carcinomas are induced in a model
that allows the entire carcinogenic process to be studied in a 5
week time span. Theoretically these observations are consistent
with the hypothesis that the hormone independent phenotype
can be conferred at the time of initiation and is unlikely to be
limited to the genetic events that accompany tumor progression.
The fact that ovariectomy appears to inhibit a specific step in
the carcinogenic process, namely the conversion of intraductal
proliferations to ductal carcinoma situ, suggests a previously
unappreciated aspect of the hormonal requirements for tumor
promotion and progression.
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