METHODS OF OBTAINING ANTISERA AGAINST ANTIGENS
OF MAMMARY GLAND CARCINOMA VIRUS
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Various methods of obtaining virus-containing preparations from mouse mammary gland
tumors in order to prepare rabbit antisera against antigens of mammary gland carcinoma
virus were tested. The best results were obtained by precipitating the virus from the culture
fluid of tumors grown in vitro after preliminary hormonal stimulation of virus production and
subsequent purification of the virus in a sucrose density gradient.
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The agent of mouse mammary gland carcinoma (MGCV), "milk factor," or Bitner's virus has been
known since 1936 [6]. However, research on this virus based on the only test available at that time (biolog-
ical activity) was made extremely difficult by the need for prolonged observation on the infected mice. With
the discovery of nucleoid soluble antigens in MGCV [1, 4, 5}, similar to the soluble nucleoid group-specific
antigens of the sarcoma —leukemia complex of viruses, and also after the obtaining of antibodies against the
corpuscular antigens of MGCV [6}, serological tests for MGCV became possible and the interest in its study
grew.

Despite the numerous papers on the study of the various properties of MGCV, the production of highly
specific sera against its antigens still remains a difficult probelem. Various methods of obtaining them
have been described: 1) The most trustworthy method is by precipitating MGCV from the milk of high-can-
cer strains of mice, purifying it ina density gradient of sucrose, ficoll, or urographin, and immunizing rab-
bits with the purified virus [4, 6, 7, 15]; 2) immunization of rabbits or rats with mammary gland (MG) tis-
sue homogenates from high-cancer or noninbred pregnant or lactating mice, followed by absorption of the
resulting sera with normal tissue homogenates and the sera and milk of mice of low-cancer strains [3, 4];
3) immunization of rabbits with fractions witha buoyant density of 1.16 g/cm?, isolated from homogenates of
mammary gland carcinoma (MGC) and MG of high-cancer strains of mice in a sucrose density gradient [17];
4) immunization of rabbits with MGCV precipitated from the culture medium of MGC growing in vitro and
purified in a density gradient of sucrose or urographin. Liberation of MGCV into the medium was stimu-
lated by treatment of the growing cultures with cortisone or insulin.

The first method is rarelyused because of the difficulty of obtaining adequate quantities of mouse milk
at any one time (up to 20 g).

Methods 2 and 4 were used; the MGCV in preparations obtained by method 3 was tested with the sera
obtained.

The tissues used were MGs and spontaneous and transplanted MGCs from C3H/He and C3H/Sn mice.
The mice were obtained from the Laboratory of Inbred Animals of the N.F.Gamaleya Institute of Epidemi-
ology and Microbiology. To obtain virus-containing preparations by methods 2 and 3, homogenates were
made from MGC and MGs of pregnant mice in dilutions of 1:3 in Hank's solution, clarified at 5000 g, and
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Fig. 1. Precipitation test in gel with various test systems
for internal soluble antigen of MGCV. Autoradiograph. a)
On the left, precipitation lines between antiserum against
MGCV from Dmochowski (above) and milk antigen of mice
of strain RIII (below); on the right, two precipitation lines
between serum No. 11 against MGC homogenate (above) and
MGC homogenate (below) (indicated by arrows); b) precipi-
tation reaction showing identity of immune sera from Moore
(1), Muller (2), and No. 65 (3), obtained against MGCV from
culture fluid, purified in a sucrose density gradient; in cen-
ter (4) milk of strain RIII mice.

Fig. 2. Electron micrographs of ultrathin sections through cells
of MGC tissue culture (method of treatment, see in text) (magnifi-
cation 250,000 x): a) general survey photomicrograph demonstrat-
ing cluster of type C virus particles (arrow); b) cluster of small
particles 20-50 nm in diameter in MGC preparation, constantly
accompanying production of type C particles.

used to immunize rabbits, leaving some of the homogenate for further purification ofthe virus in a sucrose
density gradient.

To obtain immune sera by method 4, MGCs of generations II-VII in vivo were trypsinized and seeded
in Povitskaya's flasks on medium containing lactalbumin hydrolyzate with 159 bovine or calf serum and anti-
biotics in the usual proportions. The cultures were maintained and hormonal stimulation of the liberation
of virus carried out in the usual way [8, 12].

The residue equivalent to 2 liters of culture medium was collected from the three series of cultures,
reprecipitated, and resuspended to a final concentration of 500:1. The presence of MGCV in the prepara-
tion was verified by the crossed reaction with a test system for soluble MGCV antigen obtained from Dmo-
chowski and Moore (USA) and with the aid of a serum obtained from Muller (West Germany). The presence
of biologically active virus in the preparations was verified by induction of hyperplastic nodules (HNs) in
the MG of female BALB/c mice receiving estradiol (1 mg per mouse) and deoxycorticosterone acetate (500
ug per mouse) for 75 days, on alternate days, after injection of the ultraprecipitates [14].

Attempts were made by electron microscopy of ultrathin sections to determinethe presence of particles
of the B-type in the cells of the growing cultures. For this purpose cultures of growing MGCs were fixed
with 1% glutaraldehyde solution in cacodylate buffer, pH 7.4, and then postfixed with chrome-osmium by Dal-
ton's methoc [9]. After dehydration, the preparations were embedded in Epon— Araldite by Mollenhauer's
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Fig. 3. Survey photomicrograph of MGC culture

from generation XV in mice (35,000 x). Collection

of intracytoplasmic type A particles is demonstrated
(indicated by arrows). C) cytoplasm; M) mitochondrion;
N) nucleus.

method [13]. Ultrathin sections were cut on the LKB-4800 ultratome (Sweden) and examined in the JEM-
100V electron microscope with intrumental magnifications of 35,000 and 50,000 x.

Further purification of virus from the culture fluid and homogenates of MGCs was carried out in a
linear sucrose density gradient of 20-609%. The zone with a density of 1.16 g/cm?® was collected and the virus
was reprecipitated and the precipitate was resuspended up to a final concentration of 2000:1. Immuniza-
tion was carried out into the popliteal lymph glands [1]. The sera were tested by the gel precipitation test
by the method of Gusev and Tsvetkov [2].

Immunization with MG and MGC Homogenates. Four immune sera were obtained. However, after
exhaustion with homogenates of the internal organs, with MG tissue, and with milk and serum from mice
of several low-cancer strains, the activity of the sera fell so muchthat even the globulin fraction, isolated
from them by 50% saturation with ammonium sulfate, gave hardly visible precipitationlines. Work with
these sera was possible only by the immunoautoradiographic method.

Besides soluble MGCV antigen, the fourth serum also revealed an antigen not identical with MGCV in
the MGs of mice of certain low-cancer strains, especially after injection of urethane, Rauscher leukemia
virus, and Rous virus into them (Fig. 1a). This antigen was not identical with the group-specific antigen
(GSA) of mouse leukemias, as was shown by the absence of a crossed reaction with a test system for GSA
obtained from O. M. Lezhneva [4]. The nature of the antigen thus discovered still awaits explanation.

Electron-microscopic investigation of cultures from generations II-V in mice revealed numerocus
virus particles of the C type in the extracellular space (Fig. 2a). Tiny particles, varying from 20-30 to
50 nm in size, were associated with the type C virus particles. They contained an electron-optically loosely
packed nucleoid, surrounded by a single membrane (Fig. 2b). No type B virus particles could be found in
these preparations. However, in cultures seeded from later generations, many MGCV particles could be
found (Fig. 3).

The appearance of HNs in the hormonally stimulated BALB/c females in response to injection of ultra-
precipitates of the culture fluid was found in all 14 MGs in a number of 1-2 HNs per mouse. In 19 MGs of
control hormonally stimulated mice no HN could be found.

Immunization of rabbits by ultraprecipitates of culture fluid purified in a sucrose density gradient led
to definite production of antibodies against MGCV antigen in one of two rabbits. After removal of contami-
nating antibodies against normal mouse tissue and serum antigens and bovine serum, an essential component
of the growth culture medium, the antiserum gave a single clear precipitation line identical with the sera
of Moore and Muller (Fig. 1b). No antibodies against GSA of leukemic viruses could be found in the immune
serum. The serum did not react with the milk or tissue antigens of low-cancer strains of mice. Of the
two methods of obtaining antisera against MGCV antigens that were tested, method 4 was thus more effec-
tive. Preparations of virus precipitated from MGC homogenates and purified in a sucrose density gradient
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also gave only one clear precipitation line with the resulting antiserum; consequently, the method suggested
by Muller can be used perfectly well for the above purpose, more especially because it is simpler than the
method used by the writers.

In work with MGC tissue cultures the possible presence of leukemic viruses in their cells must be
borne in mind; this has been demonstrated not only by us butalso by other workers [10, 11, 16]. The fact
that the type C virus found in these experiments is a leukemia virus was demonstrated by the writers pre-
viously. Preparations of precipitated virus and antiserum against it must therefore be carefully tested in
a reaction with a test system for GSA of mouse leukemic viruses. Tiny virus-like particles were frequently
found in other systems producing associations of A- and C- or A- and B-types of particles and, although
the nature of these particles has not been explained, their presence must be taken into account in immuno-
logic experiments. '
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