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Summary. — In the blood serum of a proportion of breast cancer
patients (29.49,) immune complexes specifically reacting with the
immunoglobulins of the serum against MMTYV structural proteins
were detected using indirect enzyme-linked immunosorbent assay
(ELISA). The presence of such complexes could decrease the
titre of antibodies reactive with MMTYV in the blood serum of
breast cancer patients.
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Introduction

Convincing evidence has been gained for the presence in the human breast
carcinomas of antigens immunologically related to structural proteins of
mouse mammary tumour virus (MMTV) (Meza-Tejada and Spiegelman,
1983; Segev et al., 1985; Hehlman et al., 1984a; Kryukova et al., 1981; Reme-
nnik et al., 1985). In the blood serum of breast cancer patients antibodies
occur that react with MMTYV proteins, products of genes env and gag (Zotter
et al., 1983; Tomana et al., 1981; Day ei al., 1981; Litvinov et al., 1984). It has
been shown elsewhere that in breast cancer patients the antibodies reactive
with MMTV occur less frequently at advanced stages of disease (Litvinov
et al., 1984) than at early (I, ITa) clinical stages. This phenomenon could
depend, in particular, on the decrease of antibody titre resulting from bin-
ding with an antigen produced by the tumour, a way how the titre of antibo-
dies to MMTYV is decreased in mice of highly oncogenic strains with virus-
-induced tumours (Pascal et al., 1975). In this study blood sera of breast cancer
patients have been tested for immune complexes reactive with antibodies
against MMTV proteins.
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Materials and Methods

Viruses. MMTV of mouse strains RITI, M7, SSV and MPMV were from National Cancer Insti-
tute (Bethesda, U.S.A.). Sera against retroviruses SSV, RaLV and Balb/2 were supplied by
National Cancer Institute (Bethesda, MD. U.S.A.) according to the cooperation agreement.

The serum against proteins of MMTV A-particles (rabbit) was kindly supplied by Dr. Zotter
(Institute of Pathology, Karl-Gustav Karus Medical Academy, Dresden, G.D.R.).

Rabbit serum against MMTV of RITI mice was prepared in our laboratory. As shown elsewhere,
it did not react with proteins of retroviruses type C or D (including glycoproteins) and is efficient
against MMTV-related proteins expressed in some cells of stable human breast cancer lines
MCF-7 and T47D (Litvinov and Golovkina, 1985).

The serum against milk proteins of C57B1 mice was prepared in our laboratory by immunization
of rabbits. The serum reacted with protein gp68 in the milk and in the virus. This protein deseri-
bed by Sarcar and Dion (1975) was incorporated from the milk to MMTV of RIII mice.

Blood sera of women with breast cancer were collected upon admission to the breast cancer
ward of the All-Union Cancer Research Centre (U.S.S.R. Academy of Medical Sciences)
before surgery or treatment. The collected sera were immediately frozen and kept at —20°C
until tested. All characterizations of tumours presented hereafter are based on postsurgical epi-
crisis and histologic analysis of the samples. Stages and TNM are based on WHO classification
from 1981. Rabbit serum against human immunoglobulins was prepared in the Gamaleya Insti-
tute of Epidemiology and Microbiology (Moscow, U.S.S.R.). Globulin fraction from these sera
was precipitated with 33%, ammonium sulphate; IgG rom this raction was purified on DEAE-
-Sephadex and after dialysis conjugated with peroxidase (Serva, 1000 units (mg) according to the
method of Nakane and Kawaoi (1974).

Antibodies against MMTV were previously detected (Litvinov et al., 1984) with the use of
enzyme immunoassay.

Complexes containing human immunoglobulins and antigens identified by the serum against
MMTYV proteins were detected by a method proposed by Hehlman et al. (1984b). Serum IgG to
MMTYV proteins was isolated using the above-mentioned procedure and dialysed against sodium
carbonate buffer (0.01 mol/l, pH 9.5). Into each well o the microplates (Dynatech) 200 ug IgG
at concentration of 20 pg/ml was added, incubated overnight at 8 °C and washed with PBS
containing 0.19%, Tween 20. Then 200 ul of the tested serum was added into the wells. The serum
was diluted at 1 : 10 with PBS containing 0.1%, Tween 20 and 109%, nonimmune rabbit serum
(in parallel wells the mixture contained 109, serum against MMTYV). The plate was further incu-
bated overnight at 8 °C, washed, and finally the conjugate against human immunoglobulins dilut-
ed at 1:1000 with PBS containing 0.1%, Tween 20 and 109, normal rabbit serum was added.
After 2 hr incubation at 37 °C the conjugate was washed off and substrate reagent solution
— b-aminosalicylic acid (0.8 mg/ml, pH 6.0) with H202 up to 0.019, was added thereto. The
reaction intensity was determined in ELISA-reader MR590 (Dynatech) at 450 nm.

For inhibition of the reaction, various specific immune sera at decreasing amounts were added
to tested human serum. Before addition into the wells these mixtures were incubated at 37 °C
for 2 hr. The reaction was always performed in 2 or 3 parallel series and also in the presence of
109%, normal rabbit serum.

Results

Altogether 85 blood sera of breast cancer patients have been tested (most
of them had intraductal carcinomas); in addition, 3 sera were from Padgett
cancer patients, 3 from women with intraductal papilloma and 15 from wo-
men with fibro-cystic mastopathy. The binding of serum components,
mostly globulins, to the plate entailed a nonspecific reaction whose variability
limits were established for all sera collected. That is why each serum was tes-
ted in the presence of normal rabbit serum and the serum to MMTYV proteins
at the same concentration (at which specific binding with IgG absorbed on
the plastic was blocked). The values of nonspecific reaction for all sera were
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thereby determined as well as the variance limits of this background binding
(X 4 202-1, where X is a mean value of reaction in the presence of serum
against MMTV proteins and ¢ is the standard deviation). The serum was
defined as positive if its value without blockade (i.e. in the presence of nor-
mal rabbit serum) was beyond the upper limit of the background (p < 0.05).
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As seen on Fig. 1 a specific component was involved in reactions with a num-
ber of sera. )

For testing the specificity of the reaction with antibodies against MMTV
a few “‘positive’” and “negative’” sera have been selected. The binding of
antibodies to MMTV with the complexes containing human immunoglobulins
and a certain antigen was specific because: a) it was blocked by preincubation
of human serum with antibodies to MMTV and to intracytoplasmic A-parti-
cles but not with those to milk of C57B1 mice or other retroviruses (Fig. 2);
b) by increasing dilution of human serum the reaction with “‘positive”’serum
approached the reaction value with “negative” serum; c¢) decrease of the
amount of sorbed antibodies against MMTV dramatically lowered the value
of reaction with “positive’ serum and only insignificantly that of the “nega-
tive”” one (Figs. 3-1, 1I).

These investigations ruled out the involvement of nonspecific components
such as rheumatoid factor, antibodies against milk proteins present in the
serum against MMTV and antibodies against other retroviruses. The serum
prepared to proteins of RIII MMTV does not interact with glycosylated
proteins of other retroviruses which suggests that its reaction with the sugar
residue of the antigens circulating in blood is unlikely.

Preincubation of MMTYV itself in the wells with sorbed antibodies against
MMTYV did not decrease the reaction, but in some cases even increased it.
This seems to be due to the presence of free antibodies to MMTV in the tested
sera: as we measured the binding of human immunoglobulins, the absence of
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Decreased binding of immune complexes by antibodies against MMTYV to ,,positive” and ,,ne-
gative” sera, caused by dilution of serum (I) and decrease of the quantity of antibodiets to
MMTYV adsorbed to the plastic (1I)

Abcissa: dilution of human serum tested (I) and concentration (ug/ml) of antibodies to MMTV
added into the well for sorption (II).
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the binding of immune complexes could be compensated for by the binding
of human antibodies against MMTV with viral proteins that had reacted
with adsorbed antibodies. This assumption is confirmed by the fact that the
reaction level was increased on addition of MMTV to sera, whereas the reaction
without MMTV was decreased at the same serum dilution. The reaction was
not blocked by preincubation of other retroviruses or milk of Balb/c mice
with sorbed antibodies against MMTV.

For some sera tested the intensity of in thereaction with MMTV prepa-
ration was previously determined. blg 4 illustrates the presence of antibodies
agamst MMTYV and complexes bound by antibodies against MMTV in some

“positive’” and “‘negative” (aocor(hng to the presence of antibodies to MMTV)
sera. It can be seen that ‘‘negative’” sera do not contain complexes reactive
with antibodies against MMTV either; “‘positive” sera with high titre of
antibodies against MMTV were chardcterlzed by low content of the comple-
xes, whereas their content was higher in “‘positive’ sera with low antibody
titre (for “positive’” sera the correlation coefficient between the presence of
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free antibodies and the complexes is N = —0.9215; the probability of
correlation is P > 999). The comparative data obtained suggest that: a)
the appearance in the serum of immune complexes bound by antibodies
against MMTYV is associated with the presence of humoral antibodies reactive
with proteins of this virus; b) the antibodies in question are present in the
complexes; ¢) the titre of antibodies to MMTYV in the blood serum of breast
cancer patients occurred to be decreased because of immune complex forma-
tion.

It should be noted (data not shown) that we did not observe cases of com-
plete absence of antibodies to MMTYV in human sera with the highest content
of complexes. We do not know, therefore, whether or not a complete neutra-
lization of the antigens tested can be achieved. On the other hand (Fig. 4),
the sera without antigens against MMTV did not contain complexes either.
Immune complexes adsorbed by rabbit antibodies to MMTV structural pro-
teins were also found in blood serum of patients both at early and late
clinical stages (Fig. 1).

In one blood serum out of three taken from Padgett cancer patients we.
in addition, detected complexes reactive with antibodies to MMTV. In women
with fibro-cystic mastopathy we also detected 2 positive sera, but the
intensity of reaction was close to the threshold level. In one serum out of
three collected from women with intraductal papilloma the reaction with
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antibodies against MMTYV appeared to be rather intensive. This is notewor-
thy, for intraductal papilloma is considered to be a precancerous condition
(Wellings et al., 1975).

Size classification of tumours allowed us to detect a certain regularity: in
tumour group T; “positive”” sera were more numerous than in groups Ts or
Ts (Fig. 5). This might probably be also true for group Ty, if real sizes of
tumours could be established in all cases. Group T4 tumours being associated
with oedema, their classification size is not the same as their true size.

Discussion

We presented evidence for the presence of complexes containing immuno-
globulins and antigens reactive with antibodies to structural MMTYV proteins
in the blood sera of 309, of breast cancer patients, in 1 out of 3 patients with
intraductal papilloma and in 2 out of 15 women with fibro-cystic masto-
pathy. Studies on the specificity of reaction have shown that antibodies
against structural MMTV proteins bind to the complexes. Besides, it has been
found that this reaction can be blocked by addition of antibodies to MMTV
proteins or intracytoplasmic A-particles, but not by antibodies to mouse
milk proteins or other retroviruses.

About equal percentage of women with breast cancer at early and late
stages appeared to have these complexes in the blood serum. In cases when
a true nature of the tumour could be determined, it was found that they more
often occurred in patients with small tumours.

In some sera a relatively high level of these complexes correlated (p < 0.01)
with a low titre of antibodies to MMTYV. This can probably account for the
previously reported low incidence of antibodies to MMTV in breast cancer
patients at late clinical stages (Litvinov et al., 1984). It should be noted that
so far we have not observed any cases when the serum would contain com-
plexes reactive with rabbit antibodies to MMTV, but would not have antibo-
dies interacting with MMTV proteins. Moreover, the percentages of patients
with complexes and of those with antibodies against MMTV appeared to be
about the same in breast cancer of stage 111. Apparently, the tumours with
MMTYV-antigenicity are clinically recegnized at earlier stages owing to a spe-
cific biologic behaviour. And therefore, the proportion of breast cancer
patients admitted to the hospital at early stage of the disease is much higher
than their percentage at late stages.

[f this is true, at early stages of breast cancer only a part of mammary
tumour patients would have immune complexes reactive with antibodies
against MMT in their serum, whereas at later stages these would appear in
most patients. It is hard to say what is the nature and the source of that com-
ponent of serum which reacts with specific antibodies against MMTYV struc-
tural proteins and is involved in the formation of these complexes.

Miller and Grossmann (1972) have described an antigen interacting in
precipitation reaction with the serum against MMTV in 10 out of 30 sera
from breast cancer patients, a finding similar to ours. However, the data of
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Zangerly et al. (1977) and Hendrick et al. (1978) who studies human sera by
the method of competitive radioimmunoassay did not confirm these findings:
they detected no MMTV-related antigens in human serum. It seems that
this discrepancy can be related, among other things, to the high sensitivity
of competitive radioimmunoassay allowing already small amounts of specific
antibody to participate in the reaction. Because the number of cross-deter-
minants between MMTV proteins and related human antigens is small
(Segev et al., 1985) and, furthermore, cross-reactive antibodies are also
present in a low level in the specific serum (which is its individual characte-
ristics), their amount participating in competitive radioimmunoassay can
be undetectable. Anyhow, it seems probable that an antigen detectable by
antibodies against MMTV can be present in the serum. These are not neces-
sarily the same antigens that are detected in the breast cancer tumour.
However, Keydar’s group (Segev et al., 1985) has demonstrated that T47D
cells release into the culture medium a gp60 protein detectable with antibo-
dies to MMTYV gp52. We found large amounts of a similar protein with a mo-
lecular weight of 60 kD in some breast cancer extracts (Remennik et al., 1985).
Therefore, it can be assumed that such protein enters the blood flow and
reacts with antibodies to MMTV similarly as deseribed in virus-induced
mouse mammary carcinomas.

It is also possible that complexes are formed by antibodies to MMTV
binding with anti-idiotypes simulating epitopes of MMTYV-related antigens.
Free valence of these anti-idiotypic immunoglobulins can react with rabbit
antibodies against MMTV sorbed to plastic. The likelyhood of this suggestion
is supported by the presence in many systems of complexes formed by anti-
bodies against tumour antigens with anti-idiotypes (Morgan et al., 1679).
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