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Ovary-intact, but not ovariectomized female ACI rats treated with
17B-estradiol rapidly develop mammary carcinoma

James D.Shult?34 Thomas J.Spady?, Mary C.Snyder?, produced by the ovaries throughout the extended period
Sonny L.Johansso#® and Karen L.Penningtont of reproductive viability. Supporting this assertion are data
indicating that bilateral ovariectomy prior to menopause sig-
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Ppey nificantly reduces breast cancer risk (3). The anti-estrogen
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Pathology and Microbiology, University of Nebraska Medical Center, tamoxifen is widely used in the treatment of breast cancer and
600 South 42nd Street, Omaha, NE 68198-6805, USA is presently being evaluated clinically as a preventive agent in
“To whom correspondence should be addressed women at high risk of developing the disease (4-6). The

molecular mechanisms through which estrogens contribute to
development of breast cancers in humans are not presently
defined.

The ACI rat strain is an inbred line derived from a cross
between the August and Copenhagen strains (7). The ACI
strain differs from nearly all other inbred rat strains in that
ACI rats develop mammary cancers at high incidence when
treated with the synthetic estrogen diethylstilbestrol (DES*).
The propensity of the ACI rat to develop mammary carcinoma
in response to DES treatment was first noted by Duneirgj.
in 1947 (8) and has been confirmed in several studies, not all
of which are cited herein (9-19). Whereas ACI rats develop
mammary cancers when chronically treated with certain estro-
gens, spontaneous mammary cancers are rare in this strain
(8,14-16,20,21). Similarly, ACI rats develop relatively few
mammary cancers when treated with chemical carcinogens,
such as dimethylbenafanthracene (DMBA)N-methylnitroso-
urea (MNU) (22,23) or ionizing radiation (13,16). Because of
the potential importance of the ACI rat strain as an animal
model for examining the role of estrogens in the etiology of
human breast cancers, we have examined the ability of the
naturally occurring estrogen [#stradiol (E2) to induce
development of mammary cancers in ovary-intact and ovari-
ectomized ACI rats. Our data indicate that E2 rapidly induces
development of mammary carcinomas that often display
invasive characteristics and that the ovary modulates mammary
carcinoma development in animals chronically treated with E2.

We have examined the ability of 1B-estradiol (E2) to
induce development of mammary cancers in the female
ACI rat. Continuous treatment with E2, delivered through
release from s.c. Silastic tubing implants containing 27.5 mg
crystalline hormone, resulted in rapid development of
palpable mammary tumors in ovary-intact ACI rats. In a
population of 21 E2-treated rats, palpable tumors were
first observed following 99 days treatment and 100% of
the treated population developed tumors within 197 days.
The median and mean times to appearance of first palpable
tumor were 143 and 145 days respectively. All mammary
tumors were classified as carcinomas and invasive features
were observed. Circulating E2 levels in the treated animals
at the time of sacrifice averaged 185 pg/ml serum. Mam-
mary tumors were not observed in ovary-intact female
ACI rats that were not treated with E2. This is the first
report indicating that this naturally occurring estrogen is
capable of inducing mammary cancers in the AClI rat strain.
Mammary carcinoma did not develop in a population of
11 ovariectomized female ACI rats treated with E2 for a
period of 140 days. Circulating E2 levels in the treated
ovariectomized animals averaged 207 pg/ml. These data
indicate that the ovary modulates estrogen-mediated mam-
mary carcinogenesis in this rat strain. Both ovary-intact
and ovariectomized female ACI rats displayed similar
susceptibilities to E2-induced pituitary tumors and hyper-
prolactinemia. Pituitary weight was increased 6.0-fold in
ovary-intact ACl rats and 5.3-fold in ovariectomized female
rats. Circulating prolactin levels averaged 2318 ng/ml in
E2-treated, ovary-intact rats and 2285 ng/ml in E2-treated,  Treatment of animals

ovariectomized ACl rats. These data indicate that estrogen- Female ACI rats, either ovary-intact or ovariectomized, were obtained from
induced hyperprolactinemia is not the sole factor Ieading Harlan Sprague—Dawley (Indianapolis, IN). These animals were housed in a

: _ barrier animal facility under controlled temperature, humidity and lighting
to development of mammary Cancers in the E2-treated conditions. This facility is accredited by the American Association for

AClI rat. Accreditation of Laboratory Animal Care and is operated in accordance with
the standards outlined iBuide for the Care and Use of Laboratory Animals
(DHHS publication 85-23). All procedures involving live animals were
Introduction approved by the Institutional Animal Care and Use Committee of the
University of Nebraska Medical Center. Ovary-intact animals were allowed

Numerous epidemiological studies indicate the importance ofontinuous access to a standard laboratory chow diet (Harlan Teklad, Madison,
estrogens in the etiology of human breast cancer (1,2) BOtWI.)' Treatment of intact femalesa(= 21) with E2 was initiated when the

| f h d | f animals were 61-63 days of age. A population of three untreated ovary-intact
early onset of menarche and late onset of menopause Yémales served as controls. Numerous published studies indicate that ovary-

associated with increased risk of developing breast cancer. ilitact ACI rats very rarely develop mammary cancers spontaneously (8,14—
is generally believed that this increased risk results fromi6,20,21). In a second experiment, female rats were ovariectomized at 26
prolonged exposure of the mammary tissues to the estrogeﬁgys of_a_\ge and obtalr_]ed from the vendor at 3_2 dqys of age. Upon arrlvql at
our facility, these animals were fed a semi-purified diet formulated in
accordance with guidelines of the American Institute of Nutrition (24). E2
*Abbreviations: DES, diethylstilbestrol; DMBA, dimethylbenafanthracene; treatment of the ovariectomized animals € 11) was initiated when the
MNU, N-methylnitrosourea; E2, Bfestradiol; PRL, prolactin; RIA, radio- animals reached 45 days of age. A population of untreated X1)
immunoassay. ovariectomized females served as controls. All animals were examined weekly

Materials and methods
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for the presence of palpable mammary cancers for the first 10 weeks following
initiation of E2 treatment. Thereafter the animals were examined twice weekly.
Preparation and insertion of E2-containing implants

Silastic medical tubing (0.078 inch inner diameter, 0.125 inch outer diameter;
Dow Corning, Midland, MI) was cut into 3 cm lengths. One end was sealed
with Silastic Medical Adhesive (Silicone Type A; Dow Corning). After the
adhesive had cured, 27.5 mg crystalline E2 (Sigma, St Louis, MO) were
loaded into the implant and the open end was sealed with Silastic Medical
Adhesive. Implants were allowed to cure for at least 24 h prior to surgical
insertion. The back of each animal was shaved and disinfected, the skin was
opened with sterile scissors, a s.c. cavity was created over the scapulae using
the blunt end of the scissors, an implant was inserted into the cavity and the
wound was closed with a sterile 9 mm clip. In the experiments in which
ovary-intact animals were examined, the untreated control animals did not
receive an implant. In the experiment in which ovariectomized animals were
examined, an empty implant was inserted into each of the untreated control 0.0
animals. The wound clip was removed 14 days following surgery.

Collection and processing of tissues

The animals were killed by decapitation. Trunk blood was collected, allowedFig. 1. 173-Estradiol rapidly induces mammary cancers in female ACI rats.

to clot at 4°C and centrifuged. The serum was collected and stored at —80°Qreatment of ovary-intact female ACI rats with E2 was initiated when the
Pituitary glands were removed, weighed, fixed in 10% neutral bufferedanimals were 61-63 days of age. Thereafter the animals were regularly
formalin and processed for embedding in paraffin. The location and size oéxamined for the presence of palpable mammary tumors. A single

each mammary tumor was noted. Mammary tissues, both tumor and normat2-treated animal with no palpable mammary tumor became moribund,

were removed, placed in Lillie’s fixative for 24 h and processed for embeddingapparently due to a pituitary tumor, following 168 days treatment. Each data
in paraffin. Sections of each mammary tissue specimen were prepared, stainpdint represents the time after initiation of E2 treatment at which an animal
with hematoxylin/eosin and examined by bright field microscopy. exhibited its initial palpable mammary tumor. Filled circle, E2-treated
Radioimmunoassay of prolactin andA@stradiol animals; filled square, untreated control animals.

Prolactin (PRL) in trunk blood sera was quantified by double antibody

radioimmunoassay (RIA) using an anti-rat PRL monoclonal antibody

(Amersham) and methods outlined by the supplier. The sera were dilutedintreated animal was killed at 49 weeks of age. The third
where appropriate. PRL standards (Amersham) were calibrated by the suppligintreated rat remained tumor free at the age of 65 weeks; this

against the NIH reference RP2 PRL standards. All samples were assayeéhima' has yet to be killed. Numerous published studies
in duplicate. !

E2 in unextracted trunk blood sera was measured using a coated tube RiRdicate that ovary-intact ACI rats very rarely develop mam-
(Diagnostic Products Corp., Los Angeles, CA). Prior to assay, the rat serflary cancers spontaneously (8,14-16,20,21).
were diluted 1:2 in zero calibrator buffer obtained from the vendor. Standards = All excised tumors were sectioned and histologically classi-
provided by the vendor were similarly diluted. The lower limit of sensitivity fied. The majority of the tumors showed features of intraductal
of the .assay, as Performed in our laboratory on diluted rat sera, was 50 pg/méarcinomal of the comedo type. Some of the carcinomas had
Statistical analysis of data _ _ areas of invasion with a desmoplastic reaction (Figure 2A and
Differences between means were evaluated using a two-tailed Stutiss By Some papillary carcinomas were also observed. Mitotic
P values< 0.05 were considered statistically significant. . . -

figures were often frequent (Figure 2B). The surrounding

mammary tissues displayed marked ductal and lobuloalveolar
hyperplasia, often with secretory changes (Figure 2C and D).
Treatment of ovary-intact ACI rats with E2 resulted in rapid Microscopic foci of intraductal carcinoma were often observed
development of mammary tumors. A palpable mammary tumor  within these grossly normal mammary tissues. Mammar
(~2 mm in diameter) was first detected 99 days after initiatiortissues from untreated, ovary-intact ACI rats were poorly
of E2 treatment (Figure 1). The median latenoy= 21) to  developed, relative to those from E2-treated animals, with
appearance of the first palpable tumor was 143 days and 100%rtually no lobuloalveolar tissue identified (Figure 2E and F).
of the treated population displayed palpable tumors within 197 Mitotic figures were virtually absent in the mammary tissues
days of initiation of E2 treatment. The mean latency wasfrom untreated rats.
145 = 26 days § = 20 animals). A single E2-treated Pituitary tumors were observed in 100% of the E2-treated,
animal became moribund, apparently due to a pituitary tumomvary-intact animals. The average length of E2 treatment in
following 168 days treatment. Although no palpable mammary  this population of animals was+-1Z8 days. Average
tumor was detected at the time this animal was killed, micro-pituitary wet weight was increased 6-fole & 0.05) relative
scopic intraductal carcinoma was revealed upon histological  to that observed in untreated, ovary-intact animals (Figur
examination of mammary tissues from this animal (data noBA). These pituitary tumors produced and released large
shown). Each animal was killed when its largest mammary  amounts of PRL, as evidenced by a B2S@db) increase
tumor reached a size of 1.0-1.5 cm in diameter. Upon necropsy mean circulating PRL in the E2-treated population relative
all but one of the E2-treated animals were determined to  to that observed in untreated animals (Figure 3B). Botl
harbor multiple macroscopic mammary tumors (mean 5.6pituitary weight and the level of circulating PRL in untreated
range 1-18 tumors/animal). These tumors appeared to be  animals were within normal limits for ovary-intact female rats
randomly distributed throughout the six pairs of mammary The amount of E2 in trunk blood sera from untreated, ovary-
glands. No mammary tumors were observed in a population intact ACI ratsab@pg/ml, the level of sensitivity of the
of three untreated, ovary-intact ACI rats (Figure 1). One ofRIA as performed in this study. The mean level of E2 in trunk
the untreated rats was killed following 20 weeks E2 treatment, blood sera from E2-treated, ovary-intact animals averaged 1¢
so that mammary gland histology could be assessed at a tinpg/ml (Figure 4). During the rat estrous cycle, circulating E2
corresponding to the time point at which 50% of the E2- levels oscillate between ~20 and 75 pg/ml, with peak levels
treated population developed mammary cancers. A seconatcurring at midday on proestrus (25). The rats in the present
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Fig. 2. Histological appearance of mammary tissues from ovary-intact female ACI rats. Each E2-treated animal was killed when its largest tumor was 1.0-1.5
cm in diameter. All mammary tumors and randomly selected regions of grossly normal mammary tissues were processed for histological examination as
described in Materials and methods. Representative neoplastic, hyperplastic and normal tissues are illAstnadi). lammary carcinoma from a

29-week-old, ovary-intact female ACI rat treated with E2 for 20 weeks. The tumor is invasive and there is a desmoplastic reactiorQpaeskD}. Grossly

normal, but histologically hyperplastic, mammary tissue from a 29-week-old, ovary-intact female ACI rat treated with E2 for 20 weeks (same animal as in A
and B). € andF) Mammary tissue from a 29-week-old, ovary-intact female ACI rat not treated with E2. Note the complete absence of developed
lobuloalveolar structures. (A), (C) and (E), line indicatespt®; (B), (D) and (F), line indicates Em.

study were not evaluated for reproductive cycle. In another  population of 11 ovariectomized females treated with E2 fol
experiment in which ovary-intact female rats received E2-140 days (data not shown), an observation in stark contrast to
containing Silastic implants identical to those used in the that observed in ovary-intact animals (Figure 1). It is noted
present study, the rats exhibited vaginal cytological featurethat the original purpose of this experiment was to assess, at
indicative of persistent proestrus. a defined time point, the ability of administered E2 to promote
Ovariectomized ACI rats displayed reduced susceptibilitydevelopment of PRL-producing pituitary tumors. Histological

to E2-induced mammary carcinoma relative to ovary-intact examination of grossly normal mammary tissues from thes
females. No palpable mammary tumors were detected in B2-treated, ovariectomized ACI rats revealed ductal and lobulo-
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untreated, ovariectomized animals compared with that observed

g» in untreated, ovary-intact animals.
= The amount of E2 in trunk blood sera from untreated,
S ovariectomized ACI rats was:50 pg/ml. The mean level of
2 E2 in trunk blood sera from treated, ovariectomized animals
2 averaged 207 pg/ml (Figure 7).
.:5
o Discussion
Control E2 Treated We have demonstrated that E2, administered from s.c. Silastic
B tubing implants, rapidly induces development of mammary
2500 1 carcinomas in ovary-intact ACI rats. To our knowledge, this

is the first demonstration that this naturally occurring estrogen
induces development of mammary cancers in this rat strain.
g Estrogens other than E2 have previously been demonstrated
to promote development of mammary cancers in ACI rats.
However, the form of estrogen and the manner in which it is
J administered significantly impact both tumor incidence and
latency. For example, in their initial study Dunnieg al. (8)
demonstrated that DES administered from s.c. pellets of
compressed crystalline hormone failed to promote mammary
Fig. 3. 17B-Estradiol induces pituitary tumors and hyperprolactinemiain ~ cancer development in female ACI rats, whereas this synthetic
(1)\/;%4?:%](&2@(:} £S<3;;Zt5m QﬂmilsTthrzvt;?:teedlgﬁ ?Esoﬁrigg(:r?aageurﬁv estrogen administered from s.c. pellets of cholesterol/DES
174 days. Each data bar represents the mezﬁEl%/I (E2-gtreatedn = 21) %?5'25) prom_oted development of mammary cancgars .m 75.%
or range (untreatedy = 2). (A) Upon sacrifice, the anterior pituitary glands of treated animals. I_n a number of SUbsequem S_tUd|es in which
were removed and weighed) Trunk blood sera were collected and DES was used to induce mammary cancers in female ACI
assayed for PRL by RIA. rats, the incidence of mammary cancers within the DES-treated
populations ranged from 34 to 94% and the median latency to
appearance of first tumor ranged from 158 to 425 days (8,10—
200 - 1 13,15-18,26). Holtzmaet al. (17,21) demonstrated the ability

S of the semi-synthetic estrogen d-&thinylestradiol to induce
development of mammary cancers in the female ACI rat. In
those studies, the latency to appearance of first mammary
cancer was similar to that observed in the present study and
cancers developed in ~85% of the treated populations (17,21).
Estrone has also been demonstrated to induce, in a dose-
dependent manner, mammary cancers in female ACI rats (27).
However, the incidence of mammary cancers in estrone-treated
ACI females ranged from 9 to 18% and the median latency
ranged from 218 to 347 days, depending upon the dose of
hormone administered (27). Together, these studies strongly
suggest that it is the estrogenic activity of these synthetic and
naturally occurring compounds, not their chemical properties
per se that is responsible for development of mammary
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Fig. 4. Level of 1B-estradiol in trunk blood sera from ovary-intact female
ACI rats. Trunk blood sera from animals described in Figures 1-3 were

assayed for E2 by RIA. E2 levels50 pg/ml could not be accurately cancers. Moreover, the data from the present study indicate
measured. Each data bar represents the me&EM (E2-treated) or range  that administration of E2 from s.c. Silastic implants is the
(untreated). most effective mode of treatment identified to date for inducing

development of mammary cancers in the ACI rat strain.

alveolar hyperplasia (Figure 5A and B). However, neither Also presented herein are data indicating that the ovary
intraductal carcinoma nor infiltrating ductal carcinoma were modulates susceptibility to estrogen-induced mammary cancel
observed histologically. Mammary tissues from untreatedin the female ACI rat. Although the primary purpose of the
ovariectomized animals displayed markedly atrophic lobulo-  experiment in which ovariectomized females were treated witt
alveolar structures (Figure 5C and D). E2 for 20 weeks was not to assess the role of the ovary in the

Ovariectomized ACI rats treated with E2 for 140 days  etiology of estrogen-induced mammary cancers, it is clear tha
developed pituitary tumors at an incidence of 100%. Averagehe ovary-intact females were much more susceptible to the
pituitary wet weight was increased 5.3-fol &€ 0.05) relative mammary cancer inducing effects of administered E2 than were
to that observed in untreated, ovariectomized females (Figurhe ovariectomized females; palpable tumors were observed in
6A), an increase comparable with that observed in ovary-intact  ~50% of the ovary-intact animals following 20 weeks E2
females (Figure 3A). In this experiment, circulating PRL wastreatment, whereas no palpable tumors were observed in
increased 283-fold by E2 treatment (Figure 6B). Although the ovariectomized females treated with E2 for 20 weeks. At this
relative induction of circulating PRL by E2 was greater intime we cannot state whether ovariectomy inhibits or simply
ovariectomized animals compared with ovary-intact animals, delays development of mammary cancers in E2-treated AC
this resulted entirely from the lower basal PRL levels in therats. In the studies cited above in which mammary cancers
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Fig. 5. Histological appearance of mammary tissues from ovariectomized female ACI rats. Treatment of ovariectomized ACI rats with E2 was initiated when
the animals were 45 days of age. Control animals received empty Silastic implants. Palpable mammary tumors were not detected in this experiment.
Randomly selected regions of grossly normal mammary tissues were processed for histological examination as described in Materials and methods.
Representative hyperplastic and normal tissues are illustraiednd B) Grossly normal, but histologically hyperplastic, mammary tissue from a 26.5-week-

old, ovariectomized female ACI rat treated with E2 for 20 weeksafid D) Mammary tissue from a 26.5-week-old, ovariectomized female ACI rat not

treated with E2. Note the marked atrophy of lobuloalveolar structures. (A) and (C), line indicates; 18) and (D), line indicates fim.

were induced in female ACI rats with DES, hormone treatment ~ Both incidence and tumor burden were low in that study
was initiated in animals whose ages ranged from 50 days thowever, making interpretation difficult; five of 14 DES-
6 months and age had no apparent effect on tumor incidence  treated animals developed a total of eight palpable cance
or latency. Therefore, we do not believe that the 16-18 dayvhereas one of 13 animals treated with DES and progesterone
age difference at initiation of E2 treatment, 61-63 days for  developed two palpable cancers. When administered t
the ovary-intact females and 45 days for the ovariectomize®prague—Dawley rats following treatment with DMBA, proges-
females, was responsible for the markedly differing results in  terone enhanced mammary tumor development (30,31). It |
these two experiments. Ovariectomy essentially abolishes thateresting to note that cell proliferation in the breast tissues
ability of chemical and physical carcinogens, such as DMBA, of human females is greatest during the luteal phase of th
NMU and ionizing radiation, to induce development of mam-menstrual cycle, when the levels of circulating progesterone
mary cancers in the rat. However, treatment with exogenous  are maximal (32,33). Therefore, the role of progesterone
estrogens essentially reverses the inhibitory effect of ovariestrogen-mediated mammary carcinogenesis in the female ACI
ectomy (28,29). We interpret these disparate observations to rat warrants further investigation.
indicate that mammary cancers resulting in ACI rats from It has long and often been hypothesized that the large
treatment with estrogens arise through a fundamentally differ- ~ amount of PRL produced by estrogen-induced pituitary tumor
ent mechanism than do the mammary cancers that develop plays a direct role in estrogen-mediated mammary carcino-
rats treated with chemical and physical carcinogens. genesis (14,16,34). Data presented herein indicate that susce,
The differing susceptibilities of ovary-intact and ovari- bility to mammary cancer development in response to E2
ectomized female ACI rats to E2-induced mammary cancers  treatment was substantially diminished as a result of ovar
imply that an ovarian factor in addition to E2 is required for ectomy, whereas the ability of administered E2 to induce
rapid development of mammary cancers in the E2-treated pituitary tumor development and ensuing hyperprolactinemi
female ACI rat. One ovarian factor that may act in thiswas similar in ovary-intact and ovariectomized female ACI
regard is progesterone. Segaloff (12) demonstrated that s.c. rats. These data strongly suggest that estrogen-induced hy
implantation of progesterone pellets inhibits mammary canceprolactinemia is not the sole factor leading to development of
development in ovary-intact female ACI rats treated with DES. mammary cancers in the E2-treated ACI rat. Moreover, man
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60 | A. 1 important role of estrogens in the etiology of human breast

cancer, it appears worthy to identify the gene or genes

conferring susceptibility to estrogen-induced mammary cancers
and to elucidate the mechanisms through which these genes
and estrogens act in concert to promote development of
mammary cancers.

Pituitary Weight (mg)

Acknowledgements

This work was supported by National Institutes of Health grant CA-68529 to
J.S., Cancer Center Support Grant CA-36727 to the UNMC/Eppley Cancer
Center and American Cancer Society Special Institutional Grant SIG-16 to
the Eppley Cancer Institute. T.S. was supported by a fellowship from the
Graduate College of the University of Nebraska. We thank David Heard,
Connie Thomas, John Schoeman and Dondi Holland for their excellent
assistance in the care of the research animals.

Control E2 Treated

2500

2000

T

T

1500 : References

1000

4 1.Pike,M.C., Spicer,D.V., Dahmoush,|. and Press,M.F. (1993) Estrogens,
progestogens, normal breast cell proliferation, and breast cancer risk.
Epidemiol. Rey 15, 17-35.

\ i 2.Bernstein,L. and Ross,R.K. (1993) Endogenous hormones and breast cancer
\\\\ risk. Epidemiol. Rey 15, 48-65.

3.Harris,J.R., Lippman,M.E., Veronesi,U. and Willet,W. (1992) Breast cancer.
Control E2 Treated New Engl. J. Med 327, 319-328.

Fig. 6. 17B-Estradiol induces pituitary tumors and hyperprolactinemia in 4.Santen,R.J., Manni,A., Harvey,H. and Redmond,C. (1990) Endocrine

500 |-

Circulating Prolactin (ng/ml)

ovariectomized female ACI rats. Animals were treated as described in treatment of breast cancer in womdindocrine Rey 11, 221-265.

Figure 5 and Materials and methods. Each data bar represents thetmean - Gelber,R.Detal.(1996) Adjuvant chemotherapy plus tamoxifen compared
SEM (n = 11 for both E2-treated and untreated}) Upon sacrifice, the with tamoxifen alone for postmemopausal breast cancer: meta-analysis of
anterior pituitary glands were removed and weigh&). Trunk blood sera quality-adjusted survivalancet 347, 1066-1071.

were collected and assayed for PRL by RIA. 6.Ganz,P.A., Day,R., Ware,J.E.,Jr, Redmond,C. and Fisher,B. (1995) Base-

line quality-of-life assessment in the National Surgical Adjuvant Breast
and Bowel Project breast cancer prevention tdalNatl Cancer Inst 87,
1372-1382.
300 b 4 7.Festing,M.F.W. (1979) Inbred strains. In Baker,D.E.J. (8th¢ Laboratory
Rat Academic Press, New York, NY, pp. 55-72.
8.Dunning,W.F., Curtis,M.R. and Segaloff,A. (1947) Strain differences in
250 - - response to diethylstilbestrol and the induction of mammary gland and
bladder cancer in the ra€ancer Res 7, 511-521.
9.Dunning,W.F., Curtis,M.R. and Madsen,M.E. (1951) Diethylstilbestrol-
induced mammary gland and bladder cancer in reciprocal F1 hybrids
between two inbred lines of rat#cta-Unio Int. Contra Cancrum?,
238-244.
10.Dunning,W.F. and Curtis,M.R. (1952) The incidence of diethylstilbestrol-
induced cancer in reciprocal F1 hybrids obtained from crosses between
4 rats of inbred lines that are susceptible and resistant to the induction of
mammary cancer by this agef@ancer Res 12, 702—-706.
11. Segaloff,A. and Maxfield,W.S. (1971) The synergism between radiation
and estrogen in the production of mammary cancer in theGancer
Control E2 Treated Res, 31, 166-168.

) - . . 12. Segaloff,A. (1973) Inhibition by progesterone of radiation-estrogen-induced
Fig. 7. Level of 17B-estradiol in trunk blood sera from ovariectomized magr’nmary c(ancer)in the ra&:axfer??es 33 1136-1137. 9

female ACI rats. Trunk blood sera from animals described in Figures 5 and 13 gheliabar ;
. ger,C.J., Stone,J.P. and Holtzman,S. (1976) Synergism between
6 were assayed for E2 by RIA. E2 levetss0 pg/ml could not be neutron radiation and diethlystilbestrol in the production of mammary
accurately measured. Each data bar represents the m&HEM. adenocarcinomas in the raancer Res 36, 1019-1022.
14.Stone,J.P., Holtzman,S. and Shellabarger,C.J. (1979) Neoplastic responses
rat strains develop PRL-producing pituitary tumors when and correlated plasma prolactin levels in diethylstilbestrol-treated ACI and
treated with estrogens, yet none of these strains are as highly Sprague-Dawley rat€ancer Res 39, 773-778.

. . .Shellabarger,C.J., McKnight,B., Stone,J.P. and Holtzman,S. (1980)
chgtegﬁ:e to estrogen-lnduced mammary cancers as tﬁ Mammary adenocarcinoma formation in female ACI r&@ancer Res

40, 1808-1811.

Although ACI rats rapidly develop mammary cancers whenié.Stone,J.P., Holtzman,S. and Shellabarger,C.J. (1980) Synergistic
treated with estrogens, they do not appear highly susceptible interactions of various doses of diethylstilbestrol and X-irradiation on
to other types of cancers. Interestingly, ACI rats are a|SQL7 mammary neoplasia in female ACI ratSancer Res 40, 3966—3972.

. . . Holtzman,S., Stone,J.P. and Shellabarger,C.J. (1981) Synergism of
_relatlvely resistant to quntgnepus (8,14-16,20,21), chemically estrogens and X-rays in mammary carcinogenesis in female ACI rats.
induced (22,23) and radiation-induced (13,16) mammary can- J. Natl Cancer Inst 67, 455-4509.

cers. We interpret these data to indicate that the gene or geng& Petrek,J.A., Sandberg,W.A., Cole,M.N., Siloerman,M.S. and Collins,D.C.
that contribute to development of estrogen-induced mammary (1985) The inhibitory effect of caffeine on hormone-induced rat breast
cancers in the ACI rat differ from those genes that contribute cancerCancey 56, 1977-1981.

. . Rothschild,T.C., Boylan,E.S., Calhoon,R.E. and Vonderhaar,B.K. (1987)
to development of spontaneous, carcinogen-induced and Transplacental effects of diethylstilbestrol on mammary development and

radiation-induced mammary cancers. Because of the clear and tumorigenesis in female ACI rat€ancer Res 47, 4508-4516.
1600

200 -

" Circulating Estradiol (pg/ml)

100 -

50




20.Maekawa,A. and Odashima,S. (1975) Spontaneous tumors in ACI/N rats.
J. Natl Cancer Inst 55, 1437-1445.

21.Holtzman,S. (1988) Retinyl acetate inhibits estrogen-induced mammary
carcinogenesis in female ACI ratSarcinogenesis9, 305-307.

22.1ssacs,J.T. (1988) Inheritance of a genetic factor from the Copenhagen rat
and the supresssion of chemically induced mammary adenocarcinogenesis.
Cancer Res 48, 2204-2213.

23.Shellabarger,C.J., McKnight,B., Stone,J.P. and Holtzman,S. (1980)
Interaction of dimethylbenzanthracene and diethylstilbestrol on mammary
adenocarcinoma formation in female ACI ra@ancer Res40, 1808-1811.

24.American Institute of Nutrition (1977) Report of the American Institute
of Nutrition Ad Hoc Committee on standards for nutritional studies.
J. Nutr, 107, 1340-1348.

25.Butcher,R.L., Collins,W.E. and Fugo,N.W. (1974) Plasma concentration of
LH, FSH, prolactin, progesterone, and estradids-iffroughout the 4-day
estrous cycle of the raEndocrinology 9425 1704-1708.

26.Mauvais-Jarvis,P., Kuttenn,F. and Gompel,A. (1986) Antiestrogen action
of progesterone in breast tisstreast Cancer Res. Treatme8t179-187.

27.Dunning,W.F., Curtis,M.R. and Segaloff,A. (1953) Strain differences in
response to estrone and the induction of mammary gland, adrenal, and
bladder cancer in rat€ancer Res 13, 147-152.

28.Welsch,C.W. (1985) Host factors affecting the growth of carcinogen-
induced rat mammary carcinomas: a review and tribute to Charles Brenton
Huggins.Cancer Res 45, 3415-3443.

29.Russo,J., Gusterson,B.A., Rogers,A.E., Russo,l.H., Wellings,S.R. and van
Zwieten,M.J. (1990) Biology of disease. Comparative study of human and
rat mammary tumorigenesikab. Invest, 62, 244-278.

30.Jabara,A.G., Toyne,P.H. and Harcourt,A.G. (1973) Effects of time and
duration of progesterone administration on mammary tumours by 7,12-
dimethylbenz(a)anthracene in Sprague-Dawley rBts.J. Cancey 27,
63-71.

31.Jabara,A.G. (1967) Effects of progesterone on 9,10-dimethyl-1,2-
benzanthracene-induced mammary tumours in Sprague—DawleyBrats.
J. Cancey 21, 418—-429.

32.Meyer,J.S. (1977) Cell proliferation in normal human breast ducts,
fibroadenomas, and other ductal hyperplasias measured by nuclear labeling
with tritiated thymidine.Hum. Pathol, 8, 67-81.

33.Masters,R.W., Drife,J.0. and Scarisbrick,J.J. (1977) Cyclic variation of
DNA synthesis in human breast epitheliud. Natl Cancer Inst 58,
1263-1265.

34. Clifton,K.H. (1959) Problems in experimental tumorigenesis of the pituitary
gland, gonads, adrenal cortices and mammary glands: a reCiamcer
Res, 19, 2-22.

Received on January 13, 1997; revised on April 24, 1997; accepted on
May 1, 1997

Induction of mammary carcinoma by E2

1601



