
[CANCER RESEARCH 30, 1199â€”1202, April 1970]

Search for Cross-reacting Antigenicity between Mammary Tumor

Virus-induced Mammary Tumors and Embryonic Antigens: Effect â€¢
of Immunization on Development of Spontaneous Mammary
Tumors'

PhyllisB. Blair

Department of Bacteriology and Immunology, and the CancerResearch GeneticsLaboratory, Universityof California,Berkeley, California94720

Evidence has been accumulating in the literature that at
least some of the antigens characteristically found in tumors
may represent the reappearance of embryonic tissue antigens
that are not normally found in the adult (1 , 4, 7â€”9, 11).
The experiments described herein were undertaken to deter
mine whether there might exist a relationship between
embryonic antigens and either the viral-associated (5) or the
nonviral (12) antigens found in mammary tumors which
develop in the MTV2 -infected mouse. These viral-associated
and nonviral antigens have been detected by transplantation
procedures, and thus it seemed profitable to determine if
pretreatment with embryonic tissues could influence the
normal development of spontaneous tumors, by altering
either tumor incidence or the age at which the tumors
develop. Emphasis was placed on the use of embryonic and
neonatal tissue from the ventral surface of the mouse, which
includes the areas in which the mammary anlage are under
going growth and development during late fetal life. Pretreat
ment either by injection of tissue extracts or by
implantation of tissue fragments was carried out. By varying
the parity of the animals, and therefore the amount of
hormonal stimulation, which influences both tumor
incidence and age of tumor development (2), it was possible
to determine whether tumor development was either de
creased or enhanced by the immunization procedures. In
addition to the groups receiving various embryonic tissues,
some groups were pretreated with either mammary gland or
mammary tumor tissue. Other groups received only injec
tions of 0.85% NaC1 solution. All recipients were
BALB/cfC3H females, neonatally infected with the mam
mary tumor virus, and therefore susceptible to the â€œspon
taneousâ€• development of mammary tumors in adult life. The
tissues used for pretreatment were either allogeneic, obtained
from A/Crgl strain, or syngeneic, obtained from the
BALB/cCrgl and the BALB/cft3HCrgl strains. Some of the
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adult tissues contained mammary tumor virus (A and
BALB/cfC3H tissues) and others did not (BALB/c tissues).

The experimental results offered no evidence for the
presence of embryonic antigens in the mammary tumors of
the mouse. Pretreatment with the embryonic extracts or
tissue implants had little if any effect on the development of
tumors in the test females.

In the first 4 experiments, 0.85% NaCl solution extracts of
various tissues, obtained from either BALB/c, BALB/cfC3H,
or A mice, were used for immunization. The tissue was
homogenized in 0.0% NaCI solution and then cleared by
centrifugation at 1500 X g for 15 mm. The supernatant was
packaged in aliquots and frozen in a refrigerator freezer until
needed.

In Experiment 1, all tissues were obtained from
BALB/cfC3H mice. Extracts were prepared of spontaneous
mammary tumor tissue, a pool of whole embryos of 12 to
20 days gestation3 and a pool of male and female newborn
mice. The BALB/cfC3H test females were mated with
BALB/cfC3H males at the age of 2 to 2.5 months. Five days
later, the immunization procedure was started. Each mouse
received the equivalent of 0.05 g tissue in each injection. On
Day 1, each female received 0.2 ml antigen in incomplete
Freund's adjuvant i.m. On Days 3, 8, and 22, 0.2 mi antigen
(without adjuvant) was injected i.p. An additional i.p. injec
tion of 0.2 ml antigen was then given at approximately
monthly intervals until a total of 8 injections had been
administered. One group received the embryo homogenate as
described but without the addition of adjuvant in the first
injection. An additional group received injections of NaCI
solution only. Each female included in the final experimental
data bore 2 litters; females that did not mate were discarded.
Each female was isolated from the male when she became
visibly pregnant. The babies were destroyed within 1 week
after birth and the female was returned to the breeding cage,
or, after the birth of her second litter, was placed in a
holding cage and was then routinely observed for the
development of a spontaneous mammary tumor. The date on

3Deteri@sination of embryo age was by visual estimation, based on
the diagrams of Rugh (10).
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which the tumor was first observed was recorded. The
tumor-bearing females were sacrificed when the tumors were
1 to 2 cm in diameter, and the diagnosis of mammary
adenocarcinoma was verified by histological examination of
representative tumors in the various groups. The experiment
was terminated when the remaining tumor-free females were
13.5 months old. The incidence of spontaneous mammary
tumors in each group is shown in Table I.

In Experiment 2, the same tissue extracts were used for
immunization, and the immunization procedures on Days 1,
3, 8, and 22 were identical with those in Experiment 1.
However, the BALB/cfC3H test mice in Experiment 2, which
were 3.5 months old at the beginning of the immunization
procedure, did not receive the additional 4 monthly booster
injections, and they were not mated. Hormonal stimulation
to induce the formation of hyperplastic alveolar nodules in
the mammary glands was supplied by exogenous administra
tion of hormones (6). One month after the initiation of the
immunization schedule, each female received a subcutaneous
implant of a pellet containing estradiol and deoxycorti
costerone acetate. The pellet was removed and replaced with
a fresh pellet after 1.5 months, and the second pellet was
removed 1.5 months after that. After a 5-week period,
during which the normal mammary gland parenchyma
regressed, the females were sacrificed, and their mammary
glands were removed and stained in whole-mount prepara
tions (3). The stained glands were then examined for the
presence of hyperplastic alveolar nodules, as an indication of
whether the various immunization procedures had interfered
with the normal development of the MW-induced hyper
plastic alveolar nodules in these mice. The mice in all groups
developed nodules, and no differences in the number or
distribution of the nodules in the females of the various
experimental groups were observed.

In Experiment 3, the tissues for immunization were
obtained from strain A mice. The embryo extract was
prepared from term A embryos, male and female newborn A
mice were used for preparation of the neonate extract, and a
spontaneous mammary tumor from an adult A female was
used as the source of the tumor extract. Each test mouse
received the equivalent of 0.03 g tissue in each injection.
The BALB/cfC3H test females were mated with BALB/c
males when they were 2 to 2.5 months old. The females
were isolated from the males when they became pregnant,
and their young were destroyed within 1 week after birth.
The females were not remated, and the immunization pro
cedure was begun 1 to 4 weeks after the birth of the litter.
Each female received 0.15 ml tissue extract s.c. on Days 1,
3, and 10 and received a booster injection approximately 1,
2, and 3 months after the third injection. The females were
then routinely observed for the development of spontaneous
mammary tumors, as described for Experiment I . The
experiment was terminated when the remaining tumor-free
females were 12.5 months old. The incidence of spontaneous
mammary tumors in each group is shown in Table 1.

In Experiment 4, the tissues for immunization were obtain
ed from BALB/c and from BALB/cfC3H mice. The embryo
extract was prepared from BALB/c embryos approximately
12 to 16 days old, and the mammary gland extract was
prepared from tissue obtained from lactating BALB/c
females. The BALB/c tumor extract was obtained from
transplants of one of the rare spontaneous MTV-free mam
mary tumors which occur in the BALB/c colony. The
BALB/cfC3H tumor extract was the same as that used in
Experiment 1. Each test mouse received the equivalent of
0.04 g tissue in each injection. One group of mice received
injections of NaC1 solution only. The protocol for this
experiment was identical with that of Experiment 3, and the

Table 1

Development of spontaneous mammary tumors in BALB/cfC3Hfemales after immunization with various
tissue extracts

aFe@les mated for 2 litters.
bExtract administered without the addition of adjuvant.
cFemales mated for 1 litter.
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Table 2

aFemales maintained as virgins.
bFe@les mated for 1 litter.

incidence of spontaneous mammary tumors in each group is
also shown in Table 1. Since Experiments 3 and 4 were
carried out at the same time , with test mice of the same age,
the NaC1 solution controls for this experiment are also the
controls for Experiment 3.

In Experiments 5 and 6, the effect of immunization with
various tissue implants on the development of spontaneous
mammary tumors in female mice neonatally infected with
MTV was studied. In each experiment, the tissue fragments
were inoculated s.c. by trocar, and BALB/cfC3H females
were used as testmice.

In Experiment 5 , the test females were maintained as
virgins. At 5 and again at 6 months of age, each female
received an implant of one of the following tissue pieces: (a)
BALB/c embryo, approximately 9 to 12 days old; each
embryo was cut in half on the anterior-posterior axis, and
each host received an implant of half an embryo; (b)
BALB/c 16-day embryo, age approximate ; each embryo was
cut in half on the anterior-posterior and dorsal-ventral axes,
and half an embryo was inoculated into each host; (c)
BALB/c term embryo; the ventral trunk of each embryo was
removed and divided into 3 parts for implantation; (d)
BALB/c prelactating mammary gland; each piece was approx
imately 5 sq mm, obtained from the donors of the 16-day
and the term embryos. One group of females received only 2
i_p. inoculations of 0.2 ml 0.85% NaCl solution. The test
mice were routinely observed for the development of spon
taneous mammary tumors, as described in the preceding
experimental protocols. The experiment was terminated
when the remaining tumor-free females were 14.5 months
old. The incidence of spontaneous mammary tumors in each
group is shown in Table 2.

In Experiment 6, the test females were mated at the age of
2.5 months. The females were isolated from the males when
they became visibly pregnant, and their young were destroy
ed within 1 week after birth. The females were not remated,
and the immunization implant was made 4 to 6 weeks after
the birth of the litter. Each female received an implant of
one of the following tissue pieces: (a) BALB/c 16-day

embryo, age approximate; each embryo was cut in half on
the anterior-posterior and dorsal-ventral axes, and half an
embryo was implanted into each host; (b) BALB/c newborn;
the ventral trunk from each neonate was removed and
divided into 4 parts for implantation; (c) BALB/c prelac
tating mammary gland; each piece was approximately 5 sq
mm, obtained from the donors of the 16-day embryos. One
group of females received only an i.p. injection of 0.2 ml
0.85% NaCl solution. The test mice were routinely observed
for the development of spontaneous mammary tumors, as
described in the preceding experimental protocols. The
experiment was terminated when the remaining tumor-free
females were 12.5 months old. The incidence of spontaneous
mammary tumors in each group is shown in Table 2.

As can be observed by inspection of Tables 1 and 2, little
effect if any on spontaneous tumor development was
observed following immunization with the various embryonic
tissue extracts and implants. The few variations in tumor
incidence that were observed were not statistically signifi
cant.4 The apparent decrease in tumor incidence following
treatment with an extract of spontaneous tumor tissue
(Experiment 1) involved a small group of animals; this was
repeated in Experiment 4, with a larger group of animals,
and no effect on tumor incidence was noted.

In Experiment S, there was an indication that pretreatment
with implants of embryonic tissue might actually potentiate
tumor development. In this experiment, the test mice were
maintained as virgins, and as a result, the final tumor
incidence was lower than in the other experiments. In the
control groups in this experiment, the age of 50% tumor
development was later than that observed in the experiments
in which the test females had been mated. This is in
agreement with earlier observations that spontaneous tumor

4The x2 test was used in testing the significance of differences in
tumor incidence, and the Mann-Whitneytest was used in testing the
significance of differences in age of tumor development.
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development in the virgin female typically occurs at a later
time than in the parous female (2). However, the tumors
which developed in the test females pretreated with implants
of 16-day and term embryo tissue occurred at an age
significantly earlier than that observed in the control females
of this experiment (Chart 1). In these females, immunization
procedures were carried out when the animals were at least 5
months old, and the few tumors that developed in the mice
treated with embryonic tissue developed within a very few
months after treatment.

,@â€˜ I I I I I I I I I I I

t@ Implanted with 16-day or Term

0 4 Embryo Tissue

@2@

.@ Implanted with

â€˜) Mammary Gland Tissue
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Chart 1. Age of mammary tumor development in MTV-infected
BALB/CIC3H females receiving implants of 16-day or term embryo
tissue, as compared with similar BALB/cfC3H females receiving
implants of prelactating mammary gland tissues or injections of
0.85% NaCl solution (saline). Tumors developed significantly earlier
in females implanted with embryonic tissue (Experiment 5).

The results of the 5 experiments reported in Tables 1 and
2 suggest that the immunization procedure alone had some
effect on tumor development. In general, pretreatment with
any one of the tissue extracts or implants decreased sponta
neOus tumor incidence . Of the 18 experimental groups, 13
had a lower tumor incidence than the respective NaCl
solution control group; most of these 13 groups had a tumor
incidence more than 10% less than the NaC1 solution
control.

The effect of breeding on spontaneous mammary tumor
development in the BALB/cfC3H female is demonstrated by
a comparison of tumor incidence in the various control
groups treated with 0.85% NaCl solution alone. In the virgin
females (Experiment 5), only 32% of the mice developed
tumors, with a median tumor latency of 13 months. When
the females were mated for 1 litter, the tumor incidence
increased to 66% (Experiment 4) and 72% (Experiment 6).
Tumor incidence in the females that were mated for 2 litters
was increased to 92%. A similar effect of breeding on tumor
development has been reported for other MTV-infected
strains of mice (2).

The present experiments thus offer no evidence for the
presence of embryonic antigens in the mammary tumors
induced by the MW in mice. If such antigens do exist, more
rigorous immunization procedures than those used here will
be required to document their existence. More sensitive
detection procedures may also be required, such as altera
tions in the rejection of transplanted mammary tumors of
established antigenicity, or the use of in vitro methods such
as fluorescent antibody.
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