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Summary. — Expression of antigens immunologically related to
the gag gene products of murine mammary tumour virus (MMTV)
in continuous cell lines MCF-7, T47D and MDA-231 was followed
by indirect enzyme immunoassay (EIA). Some cells of the 2
clonal lines derived from MCF-7 and T47D cells contained MMTV
antigens, but these were not detected in MDA-231 cells and in
epithelial cells from the milk of healthy women. The expression
of antigens related to MMTV gag proteins correlated with the
expression of proteins immunologically related to MMTV gp52.
Cells positive for antigens related to p27 were also found when
healthy women sera containing antibodies against MMTV p27
were examined. Before testing, the donor sera containing anti-
bodies against MMTV protein p27 were absorbed to the negative
MCF-7 cell clone and their antibody activity to MMTV p27 was
also tested by immunoblotting.
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Introduction

Proteins immunologically related to the major protein of murine mammary
tumour virus (MMTYV) envelope were detected in human breast carcinomas
and cell lines derived from these tumours (Mesa-Tejada, Spiegelman, 1983).
Proteins related to MMTYV polypeptide p27, major virus core protein, how-
ever, were found neither in cell lines T47D or MCF-7 (Yang et al., 1977,
1978; Callis and Retzi, 1981; Keydar ef al., 1984) nor they were present within
virus particles produced by T47D cells (Keydar et al., 1984). In contrast, such
proteins were present in breast tumour tissue extracts (Calafat ef al., 1976;
Hendrick et al., 1978; Kryukova et al., 1981), in the human milk (Hageman
et al., 1978; Zotter et al., 1980; Litvinov et al., 1987) and within 734B particles
(Rich et al., 1976). The presence of p27-related proteins in humans was
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confirmed by formation of p27-reactive antibodies in some subjects (Zotter
et al., 1983; Tomana et al., 1981; Litvinov et al., 1986). Controversal data do
not allow one to understand whether human breast tumour cells are a source
of antigens immunologically related to MMTYV gay gene products and whether
the expression of such antigens correlates with production of antigens related
to gp52 (emv gene product). Searching the answer to these questions we have
studied human breast carcinoma cell lines for the expression of proteins
related to MMTV p27 using sera against MMTYV proteins and human sera
reacting with MMTV p27.

Materials and Methods

Continuous human mammary tumour cell lines: MCF-7 (Soule et al., 1973), T47D (Keydar ¢t al.,
1979) and MDA-231 (Cailleau et al., 1974) were the generous gift of Dr. Kovarek (Institute of
Experimental Oncology, Brno, Czechoslovakia). The MCF-7 clones A6, B6 and C6 were prepared
in our laboratory (Litvinov and Golovkina, 1985). The clones A6 and B6 contained a high per-
centage of cells reacting with the serum to MMTYV proteins; clone C6 was not found to contain
reactive cells.

Human milk epithelial cells were sedimented from the milk of healthy women collected under
sterile conditions on day 2 of lactation. The cells were washed 3 times with warm Earle’s solution
(37 °C) and grown in plastic Petri dishes (Falcon) in the medium HAM’S’F-12 with 15 %, foetal
serum and hormones: 1076 mol/l estradiol and 1078 mol/l progesteron; the cells were fixed on
days 2 or 3 of cultivation.

Sera. Sera against MMTV of C3H mice protein prepared by the authors, sera against proteins
p27 and pl4, sera against gp52 and gp36 prepared by Parcks (goat) were used. Sera of healthy
women (Nos. 206 and 313) reacting with MMTV p27 and not reacting with other MMTV proteins
were selected previously and their specificity was characterized by immunoblotting. The following
sera were used as controls: serum against milk proteins of C57BL mouse (rabbit), serum of
normal nonimmune male rabbit, goat sera against MPMV p27, RaL.V gp70, RaLV p30 and SSAV
p27. All sera against type C and D retroviruses were supplied by National Cancer Institute
(Bethesda, U.S.A.) according to the U.S.S.R.— U.S.A. agreement.

Rabbit IgG against goat IgG and against human IgG conjugated with peroxidase according
to the procedure of Nakane and Kawaoi (1974) were also used. Commercial conjugate against
rabbit IgG (Dako) was employed.

Indirect enzyme immunoassay on fived cells. The cells were grown on DMEM medium with
addition of 10 9; calf foetal serum and 1076 mol/l estradiol and 108 mol/l progesterone (Koch-
Light). They were then rinsed twice with cool (8 °C) phosphate buffered saline (PBS), fixed by
4 9, formaldehyde solution in PBS for 1 hr, and treated with 1 9, Triton X-100 in PBS (15 min)
and washed at 8 °C for 18 hr to remove the fixative. The first antibody solution prepared in PBS
(1:150) was added to the preparation of cells grown in small Petri dishes. The cells were in-
cubated at room temperature for 3 hr, rinsed with PBS and further incubated for 2 hr with the
conjugate. The volume of antibody solution was always adjusted so that the liquid layer was
about 5 mm. After final washing the substrate was added: diaminobenzidinetetrahydrochloride
(0.5 mg/ml in 0.05 mol/l Tris-HCl, pH 7.5) solution with addition of 2 pl/ml of 33 9% HzOs.

Immunoblotting. The proteins were analysed according to Laemmli (1974) in 15 9, polyacry-
lamide gel and transferred to nitrocellulose filter BA85 (Schleicher, Schull) accordingto the method
of Towbin and Gordon (1984). Treatment with antibodies was performed as described elsewhere
(Litvinov et al., 1986).

Results

The sera used in the present paper were characterized using the immuno-
blotting technique. It has been shown that none of the anti-MMTYV sera
reacted with proteins of retroviruses C or D, and specific sera against gp52
and p27 did not react with major proteins of mouse milk or serum against
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human milk. The serum against p27 revealed polypeptides p27 and pl4 and
that against gp52 — proteins gp52 and gp36. By means of the MMTV anti-
serum 4 major virion proteins could be detected: gp52, gp36, p27 and gp68 —
a nonviral mouse milk protein incorporated into the virion. Human sera Nos.
206 and 313 reacted only with MMTYV p27 (Fig. 1).
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Fig. 2.

Position of cells containing MMTV- related antigens in the epithelial layer
of MCF-7 cells (A) and T47D (B)
Positive cells are marked with black colour.

Clone C6 cells were used for abolishing the background reaction of human
sera with human cell antigens and to achieve a totally negative response
with the cells of this clone.

Rabbit serum against MMTYV proteins and goat serum against gp52 allowed
the identification of positive cells expressing MMTV-related antigens in
clones A6 and B6 of line T47D. However, under these conditions they failed
to react with the cells of lines MDA-231 and with the clone C6. Nor did they
react with ductal epithelial cells, macrophages or fibroblast-like cells present
in the human milk cell sediment.

Table 1. Expression of proteins related to struetural MMTV proteins in human mammary epithelial
cells in vitro

Serum Cell line Cells from

A6 "B6 T47TD  MDA-231  women milk

Anti-MMTV + 3 4 = o
Anti-gp52 MMTV 4

t

Anti-p27 MMTV - - - — —
Anti-gp70 RaLV - - — n.t. n.t.
Anti-p30 RaL.V — — - n.t. n.t.
Anti-p27 SSAV - — — n.t. n.t.
Anti-p27 MPMV — — - n.t. n.t.
No. 206 (donor) - + + — -
No. 313 (donor) + -+ + -

Donor, negative — ~- — n.t. n.t.

Note. () — presence of cells detectable by given serum;
(—) — no positive cells observed; n.t. — the cells of given line were not tested with given
serum
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Noteworthy was the localization of positive cells of the clones of MCR-7 and
T47D lines. Not each cell of the clones appeared positive, and next to the
positive ones morphologically identical negative cells were situated. The
expression of antigens related to MMTYV env gene products was observed
both in cells of clones A6 and B6 within the epithelial layer and in separated
cells. Among cells growing in foci of epithelial monolayers, positive cells
accumulated at the edge of the islet (Figs. 2 and 3). In the line T47D positive
cells had a very specific localization: they were found, as a rule, in the upper
layer of the three-dimensional epithelial structure, this pattern regularly
recurred from test to test (Figs. 2 and 3). Positive cells were also detected
after trypsin dispersion of epithelial cell conglomerates and their single
cell plating.

When using control sera — normal rabbit serum and goat serum against
RaLlV gp70 — no positive cells were found in any of the cell lines.

Employing sera against p27 and donor sera reacting with p27 allowed to
detect positive cells in the lines A6, B6 and T47D, but not in the line MDA-
231 or in the human milk cells. Pretreatment of cells with sera against milk
proteins from C57BL mice failed to inhibit the reaction of sera against MMTV
core proteins. When sera against major core proteins of retroviruses C and D
were used instead of specific serum against MMTV p27, no positive cells
were found in any of the lines. The same result was observed upon replacing
in the reaction sera Nos 206 and 313 by a negative donor serum.

Cells containing p27-related antigens occurred among the cells of clones A6
and B6 at the same frequency as cells detected with the sera against gp52 and
T47D. We believe that localization in the upper layer suggests that p27-
related and gp52 like antigens were present in the same cells and that their
expression was coupled one to another (Figs 2 and 3). Table 1 summarizes
the results obtained with sera against MMTV proteins and control sera
reacted with line MCF-7, T47D and MDA-231 cells as well as with human
milk cells.

Discussion

We have described the expression of antigens immunologically related to
MMTYV gay gene products in some cells of lines MCF-7 and T47D. We have
found that no such antigens are present in the cells of line MDA-231 or among
the cells from women milk. The clonal line C6 derived from cells MCF-7
appeared to have no such antigens either. Sera of healthy women reacting
with MMTV protein p27 were absorbed by the cells of this negative clone.
So they could be used in the reaction with cells of all other lines helping
to detect positive cells in lines A6, B6 and T47D. Simultaneously, we have
studied the expression of antigens immunologically related to MMTV env
gene products in the cells of all these lines.

The following conclusions can be drawn on the basis of the data obtained:

— cells expressing antigens immunologically related to MMTV gag gene
products occur in continuous lines MCF-7 and T47D. Even in clonal line
these antigens are expressed in a certain percentage of cells only. Their
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expression is to some extent dependent on the position of the cell in the
epithelium layer and hence, on its proliferation and differentiation;

— these antigens can be recognized by healthy women’s sera reacting with
MMTYV protein p27 and may induce the formation of antibodies against
MMTYV core proteins;

— the expression of MMTYV env protein-related and gag protein-related
antigens is coupled with each other and in the line T47D it occurs in the same
cells;

— in normal ductal epithelial cells and other normal human milk cells
these antigens are not expressed.

It may be there are proteins of a hypothetical human mammary tumour
retrovirus that are expressed in the cells of lines T47D and MCF-7 for it
was for these lines in which isolates 734 B (Rich et al., 1976) and HuMTV
(Keydar et al., 1984) were described. Human genome was found to contain
sequences that are homologous to a certain extent to the sequences of MMTV
gag and po! genes, and although cloned fragments of such sequences are inac-
tive in transcription because of a termination signal in the reading frame, they
may be suggested to have active homologs (Westley and May, 1984; Deen
and Sweet, 1986).

In fact, the milk of certain women has been found to contain antigens
immunologically related to MMTYV core proteins and we have detected a pro-
tein with molecular weight 27-28 kD in a particulate fraction of human
milk, the density of the particles being characteristic of retroviruses (1.16—
1.18 g/ml) (Litvinov et al., 1987). It should be noted, however, that milk is
secreted by alveolar cells, whereas the lines under investigation were derived -
from ductal mammary carcinoma. It is also noteworthy that no such antigens
related to MMTV protein p27 were found in ductal epithelial cells that
sloughed off into milk. Therefore, we do not believe that the problem of the
source and spectrum of human antigens related to MMTYV internal proteins
has been clarified as yet.
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Legend to Figures (Plate XXT— XXII):

Fig. 1. Reaction of MMTYV proteins with sera against MMTV (1). gp52 (2), p27 (3) and normal
women’s sera No. 206 (4) and No. 313 (5). Immunoblotting technique.

Fig. 3. Indirect peroxidase immunoassay with fixed cells of lines MCF-7 (a, b, ¢) and T47D (d, e,
f, g, h) of sera against MMTV proteins: anti-MMTV (a, e), anti-gp52 (b, {,), anti-p27 (c, g)
and No. 206 (d, h).



