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given inoculations of 5 to 8 X 106 cells. Cultures were grown
in Eagle's minimal essential medium (7) supplemented with
fetal bovine serum (10%), insulin (10 @g/ml), streptomycin,
and penicillin. Cells were incubated at 37Â°in a humidified
atmosphere of 4% CO2 in air.

Fixation. Five days postseeding, the nutrient medium was
decanted and the cultures were washed 3 times with the PBS
of Dulbecco and Vogt (6) at 25Â°. Formalin (5%) in PBS was
added to the culture dishes for 10 ruin at room temperature.
The formalin solution was decanted and the cells were again
washed 3 times with PBS at 4Â°.Fixed coverslip cultures were
then transferred to clean 35- x 10-mm plastic Petri dishes
(Falcon)for immunofluorescentstaining.

Staining. The indirect staining technique was used (5). The
coverslips were placed in a moist chamber and treated with 3
drops of unconjugated test antibody globulin prepared as
described below. Cells were incubated for 20 min at 37Â°.
Unbound antibody was washed off the cells with 3 changes of
PBS. The cultures were then incubated with 3 drops of an
appropriate FITC-conjugated goat antiglobulin for 20 min at
37Â°. Stained cultures were allowed to dry in air, mounted in
buffered glycerol, and studied with a Reichert fluorescence
microscope. The exciter filters used were either UG-l or UG-5.
Barrier filters for ultraviolet and blue were also included in the
ocular tube. Photomicrographs were taken with Kodak Tri-X
film, with exposure times varying from 20 to 120 sec.

Antisera. Adult female New Zealand rabbits and BALB/c
mice were used for the preparation of antisera against MTV.
One rabbit antiserum (kindly provided by C. D. Aldrich of our
laboratory) and the BALB/c mouse antiserum were collected
after 6 weekly s.c. injections of MTV in incomplete Freund's
adjuvant. The MTV antigen used for immunization of these
animals was partially purified from roller bottle culture fluids
of BALB/cfC3Htumorcellsby a methodsimilarto thatre
ported by Cardiff et a!. (4). The method involved clearing cell
debris from large volumes of the fluid by centrifugation at
5 ,000 rpm for 10 mm in an SW3O rotor , concentration of
MW antigen from the supematant by centrifugation onto a
15%/65% (w/v) sucrose interface for 1 hr at 25,000 rpm in an
SW25 rotor, and isopycnic zonal centrifugation of the con
centrated material on a preformed 15%/65% (w/v) sucrose
gradient. The material that banded with a buoyant density of
1.16 to 1.18 after a 60.min spin at 50,000 rpm in an SW5O
rotorwasusedastheimmunizingantigen.

A 2nd rabbit antiserum was obtained with a modification of
the immunization procedure described by Nowinski et al. (10).
The rabbit was given injections of partially purified MTV

SUMMARY

Antigens associated with mammary tumor virus infection
were detected and localized in cultured BALB/cfC3H tumor
cells by immunofluorescent methods. In addition, two distinct
social arrangements of epithelioid tumor cells are described
and correlated with qualitative differences in the distribution
of fluorescing cells.

INTRODUCTION

The fluorescent antibody technique, originally described by
Coons (5) and Weller and Coons (16), has been successfully
adapted to the study of several oncogenic RNA viruses. Virion
antigens have been detected and localized in cultured cells
infected by the avian leukosis and sarcoma viruses (13, 14), as
well as by several pseudotypes of the murine leukemia virus
(11, 12, 17).

Attempts to detect antigens of the mouse MTV2 in mam
mary tumor tissues (2, 3) with this technique have also been
reported. However, the contribution of MTV virion antigens to
the observed fluorescence was difficult to evaluate and the
intracellular localization of MTV antigens was not described.
Recently, Moore et aL (9) used this technique to detect the
presence of MW antigens in a transplantable ependyrno
blastoma induced with methylcholanthrene in a C57BL/6/J
mouse.

The aim of the present work was to provide a rapid means
for detecting and localizing MTV antigens in infected cell cul
tures. In addition, a correlation between cytological alterations
and the distribution of MTV antigens in these cultures is
described.

MATERIALS AND METHODS

Cells. Primary cultures were prepared by dissociating the cells
of fmely minced spontaneous MTV-infected mammary tumors
from BALB/cfC3H multiparous females by means of trypsin
and sodium Versenate (EDTA) in buffered 0.85% NaCl solu
tion (8). Plastic Petri dishes (60 mm, Falcon Plastics Co., Los
Angeles, Calif.) containing 3 to 4 11- X 22-mm coverslips were
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cacodylate buffer, pH 7.4, postfixed in 1% osmium tetroxide
in PBS, dehydrated in ethanol and propylene oxide, embedded
in Epon, sectioned on a Porter-Bloom ultramicrotome, and
stained with uranyl acetate and lead citrate.

RESULTS

Properties of Test Cultures. Cultures seeded with 3 to 5 X
@ mammary tumor cells/sq cm grew progressively to a con

fluent epithelioid monolayer by 48 hr. By 72 hr, these cultures
acquired a slightly stippled appearance correlated microscop
ically with a defmite orientation by some cells in the mono
layer into discrete epithelioid colonies. These colonies enlarged
to form3-dimensionalcellularmoundswhichreachedtheir
maximum size by 5 days in culture (Fig. 1).

Subcultures of cells isolated from numerous mounds
assumed a dense epithelioid morphology. MTV B particles
budding from the surface of these subcultured cells were
observed in electron micrographs (Fig. 2). Epithelioid cells
from a mounding primary culture still maintaining a 2-
dimensional orientation after 8 days in culture could be sub
cultured 2 to 3 times after selective removal of mounding cells.
Electron micrographs of such subcultured nonmounding
epithelioid cells have not provided evidence of MW B
particles. Other methods designed to detect MTV have also
proved fruitless when applied to selected populations of
epithelioid cells unable to form mounds in culture (C. M.
McGrath, unpublished observations).

Localization of MTV Antigens by Indirect Immunofluo
rescence. Testing 5-thy-old monolayer cultures of BALB/
cfC3H tumor cells by the indirect immunofluorescence
method clearly indicated that MTV antigen was associated
primarily with structures identified as epitheioid mounds by
visible light microscopy (Fig. 3). Every identifiable mound of
epithelioid cells in primary culture exhibited specific fluores
cence. Small clusters of cells throughout the remainder of the
culture also exhibited MTV-specific fluorescence. Rarely did
single cells in culture fluoresce and the fluorescence therein
could not be characterized as specific (Table 1). The number
ofcellsexhibitingspecificfluorescenceandthedistributionof
these cells within a mound were dependent on the source and
titer of the anti-MW antibody used, as well as on the age of
the cultures at the time of testing.

Observation of fixed cultures at higher magnification clearly
showed the granular and diffuse nature of the fluorescence and
demonstrated that MW antigen was confined to the cyto
plasm ofstained cells (Fig. 4).

Specificity of the Indirect Immunofluorescence Test.
MW-free BALB/c mammary epithelial tumor cell monolayers
showed no staining with rabbit anti-MTV and FITC-conjugated
goat anti-rabbit globulin except for a faint diffuse background
readily distinguishable from the fluorescence of MTV antigens.
Normal rabbit and mouse globulins used in combination with
the homologous FITC-conjugated goat antiglobulin also ex
hibited only low levels of diffuse fluorescence in either
BALB/c or mounding BALB/cfC3H cultures (Table 1).

Pretreatment of fixed mounding cultures with mouse anti
MTV globulins either completely eliminated or grossly reduced

obtained from C3H milk (provided through the courtesy of
Dr. William Feller, Georgetown University, Washington, D.C.)
by sucrose density gradient centrifugation. MW from 5 ml of
milk was mixed with complete Freund's adjuvant and inocu
lated s.c. in several sites. At monthly intervals thereafter, the
rabbit received s.c. inoculations of a similar amount of MW
mixed with incomplete Freund's adjuvant; the rabbit was bled
1 week later.
All serawere heat-inactivatedat 56Â°for30 mm, then

absorbed 3 times with homogenates of MW-free BALB/c
tumor cells and fat-depleted MTV-free BALB/c milk. Sera
were then fractionated with half-saturated ammonium sulfate
according to the procedure recommended by Coons (5).

Both rabbit antibody preparations described above precipi
tated MTV B particle antigen when tested by double diffusion
in agar (1). One rabbit anti-MTV globulin preparation also
precipitated 2 soluble antigens thought to be subunits of the
intact virion (C. D. Aldrich and P. B. Blair, unpublished
observations). Both rabbit antibody preparations were used at
a dilution of 1:10in PBS.Themouseglobulin preparationwas
of lowtiterandwasroutinelyusedundilutedintheimmuno
fluorescence assay. The FITC-conjugated goat anti-rabbit and
anti-mouse globulins (purchased from Antibodies Incorpo
rated, Davis, Calif.) were used routinely at a 1:20 dilution for
staining.

Fluorescence Blocking Experiments. Fixed cells were
exposed to 3 drops of a globulin preparation with either MTV
or BALB/c tumor cell specificity (blocking reagent) and in
cubated for 30 mm at 37Â°.The cultures were then washed
three times with PBS and subjected to the indirect immuno
fluorescence test described above. In each experiment, the
blocking antibody was obtained from 1 species (rabbit or
mouse) and the test antibody from the other. Thus the
blocking antibody and the test antibody differed in species
antigenicity, and, in some experiments, in antibody specificity.
In each experiment, the FITC-conjugated goat antitest
globulin was chosen so that it would not combine specifically
with the blocking antibody globulin, but would combine
specifically with the test antibody globulin.

MTV Antibody Absorption Experiments. Aliquots of the
globulin fractions of the MTV antisera were mixed with MTV
according to the following procedure. To 1 ml of antibody
globulin was added the MTV purified by density gradient cen
trifugation either from 1 ml BALB/cfC3H milk or the tissue
culture fluid overlaying 7 to 8 X 108 cultured BALB/cfC3H
tumor cells (4). The mixture was incubated with stirring for 30
min at 37Â°then held at 4Â°for an additional 30 min. Precipi
tated MTV was removed by centrifugation at 10,000 rpm for
15 mm. This procedure was repeated 3 times. The absorption
regimen was sufficient to quench the specific MTV fluores
cence by 80 to 95%. Absorption of MTV antibody with
BALB/c milk or tissue culture fluid material was performed in
the same way ; the material used for absorption was prepared
in a manner identical to that described for the MTV@ fluids.

Preparation of Cells for Electron Microscopy. Cells were
removed from culture vessels by treatment with a 0.03% solu
tion of sodium Versenate in Saline A (8); they were pelleted
by low-speed centrifugation, resuspended, and fixed for 90
mm in a paraformaldehyde :gluteraldehyde mixture (1 :3), pH
7.2. Cells were resedimented, washed with a 0.2 M sodium
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MTV Immunofluorescence in Cell Culture

subsequent staining by rabbit anti-MTV globulins and FITC
conjugated anti-rabbit globulins (Table 2).

Treatment of mounding cultures with the globulin fraction
ofrabbitantiserapreparedagainstanMTV-freeBALB/ctumor
extract did not block the subsequent staining by mouse anti
MTV globulins and FITC-conjugated goat anti-mouse globulins
(Fig. 5, Table 2).

The cytoplasmic fluorescence seen in epithelioid cells could
be quenched substantially by exhaustively absorbing either the
mouse or rabbit anti-MTV globulins with sucrose gradient
purified MTV of either BALB/cfC3H milk or tissue culture
origin, but not with MW-free BALB/c milk or tissue culture
fluids from monolayers of MTV-free BALB/c mammary tumor
cells.

Fixed mounding BALB/cfC3H cell cultures were not stained
with rabbit antivesicular stomatitis virus globulins (kindly
provided by Dr. A. J. Hackett, Berkeley, Calif.) and FITC
conjugated goat anti-rabbit globulins.

it therefore can be concluded that the material in MTV
infected cells combining with antibody prepared against MTV
consists of antigens associated with MTV infection.

DISCUSSION

The results of this study indicate that antigens associated
with infection of epithelioid cells by MTV can be detected and
localized by immunofluorescent methods.

Table 1
Association ofMTV-specific fluorescence with

MTV-infected tumor cells

One of the most striking characteristics of BALB/cfC3H
tumor cell cultures studied by immunofluorescence methods is
the association of MTV-related antigens with morphologically
identifiable mounds of epithelioid cells. This association is
usually absolute in mounding cell cultures at the 3rd passage.
In primary cultures, however, small isolated groups of non
mounding cells are occasionally seen to fluoresce when treated
with anti-MTV globulins and FITC-conjugated goat anti
giobulins. Since nonmounding cells from such primary cultures
can be subcultured with the subsequent development of cellu
lar mounds, it may be that the isolated fluorescing cells
represent those cells capable of producing mounds in subse
quent passages.

Most identifiable cells in mounds at early stages of develop
ment bind MTV antibody and fluoresce when the conjugated
anti-globulin is added. Cellular fluorescence is not found, how
ever, in the center of mounds at later stages of development.
Since photomicrographs of stained mounding cells at late
stages of development in primary cultures show the most
intense fluorescence in cells topologically most accessible to
antibody, the lack of fluorescence in the central region of a
mound may be due to the physical inaccessabiity of these
cells to antibody. However, later increase in the size of the
mounds is at least partly accounted for by fluid accumulation
in the center. Recent studies designed to measure ionic
coupling between cells confmed to epithelioid mounds have
indicated that the large mounds represent a shell of epithelioid
cells surrounding a fluid-filled cavity which is ionically
insulated from the culture medium. Thus, the number of
fluorescing cells in the mounds would not be expected to
increase with mound size after the cellular structure of the
unit has been completed.

In a secondary culture initiated with cells from mounds
grown in primary culture for 5 days, only 40 to 50% of the
cells exhibit specific fluorescence when treated with MTV anti
body and FITC-conjugated goat antiglobulin. We do not know
whether this number of fluorescent cells represents the total
number fluorescing in large numbers of mounds in primary
culture, or if this number reflects a diminution in the number
of cells in the secondary cultures of mound cells which can
synthesize MTV antigens. In the secondary cultures described

Table 2

a Isolated clusters of fluorescent cells.

Specificity of characteristic fluorescence
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above, no structures identifiable as epithelioid mounds
develop. It is tempting to speculate in this regard that the
development of mound structures requires the interaction
between at least 2 types of epithelioid cells and that the
resultant arrangement of cells into mounds is necessary for
sufficient MTV antigen synthesis and accumulation to be
detectable by these immunological methods.

The relationship between the mounds of epithelioid cells
seen in culture and functional types of epithelioid cells seen in
normal and neoplastic mammary glands is currently under
study.

The cytological evidence presented indicating lack of
nuclear involvement in the production of MTV antigens is in
agreement with the results of similar studies on the avian sar
coma and murine leukemia viruses in cell culture (1 1, 12, 14,
17). However, the lack of MTV antigens in the nucleus obvi
ously cannot be concluded with certainty on the basis of
fluorescent antibody observations alone. Slight variations in
assay conditions or antisera preparation can result in grossly
different patterns of staining (5, 15).

The blocking and absorption experiments reported herein
demonstrate that the fluorescence detected is MTV-associated.
At least part of the material in the infected cells combining
with MTV antibody must consist of MTV virion antigens, since
the strong cellular fluorescence could be reduced effectively
by absorbing these antisera with partially purified MTV virion
preparations from milk or tissue culture fluids.

However, the possibility cannot be excluded that cells
infected with MTV produce new antigens which are nonviral
and which participate in the staining reaction. The virus purifi
cation procedures might leave such cellular antigens in the
immunizing and absorbing preparations. The contribution of
virion and nonvirion antigens to the observed fluorescence is
currently being investigated with ferritin-labeled MW anti
body and more extensive fluorescence-blocking experiments.

The value of the immunofluorescence test described here
lies primarily in the ease and rapidity with which MW anti
gens can be detected and sequentially localized in infected
cells. It should also provide an excellent method for demon
strating infection of normal cells in vitro by exogenous MTV.
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Fig. 1. a, a mound of epitheioid cellsin a 5-day-oldprimary BALB/cfC3Htumor cell culture viewedfrom below the cell plane. Focal plane is at
the cell monolayer. b, same field as a. Focal plane is at the body of the mound. Both unstained, bright field, X 100. Note the 3-dimensional
character of the epitheioid mounds, and the distribution of cellswithin a mound, including the crowdingof cells at the periphery of the mound.

Fig. 2. Portion of a thin-section electron micrograph of mound cells removed from a secondary BALB/cfC3Hculture with dilute Versene. Note
the presence of budding and mature type-B MTVparticles. Uranyl acetate and lead citrate stained, X 11,500.

Fig. 3. Portion of a 5-day-old primary BALB/cfC3H tumor cell culture. a, fixed, treated with rabbit anti-MTV antibody, and stained with
FITC-conjugated goat anti-rabbit globulins. The distribution of fluorescing cells in the culture is illustrated. X 100. b, same field photographed
from below the cell plane with bright-field illumination prior to fixation and staining to show the location of mounding epitheioid cells.X 100.
Note that MTV-specificfluorescence is confined to cellswithin the mound.

Fig. 4. Higher magnification of a portion of the epitheioid mound shown in Fig. 3, illustrating the intracellular localization of the MTV-specific
fluorescence. X 450.

Fig. 5. Portion of a 5-day-old primary BALB/cfC3H tumor cell culture fixed and treated with rabbit anti-BALB/c tumor cell (MTV-free)
antibody prior to treatment with mouse anti-MTV. Stained with FITC-conjugatedgoat anti-mouse globulins. X 100. The fluorescence is again
confined to epitheioid mounds.
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