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Expression of the Murine Mammary 
Tumor Virus in the Milk of F1 
Hybrids of Virus Negative 
Mouse Strains* 

Radiobiological Institute 

Abstract--Milk  samples of multiparous females from several mouse strains and their 
F1 hybrids were tested for the presence of the envelope ~lcoprotein gp52 of the murine 
mammary tumour virous. F1 hybrids resulting from matings of the virus negative 
strain BALB/c  with the virus negative strains AKR,  ND2 or RFM were positive for 
the viral antigen. The progeny of backcrosses to either parent had considerable lower 
incidences of viral antigen-positive milks. It was concluded that different recessive genes 
in the BALB/c  strain on the one hand and in the AKR,  ND2 and RFM strain on the 
other cause inhibition of endogenous virus expression. In F1 hybrids the two sets of 
genes complement each other, resulting in virus release. 
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INTRODUCTION 

THE ROLE of a virus in early occurring mam- 
mary tumours in mice is well established. This 
murine mammary tumour virus (MuMTV) can 
be transmitted either via the mother's milk or 
genetically [1]. Every inbred mouse strain tes- 
ted so far contains a few DNA copies of 
MuMTV-RNA in its normal cellular DNA [2]. 
Expression of such germinal proviruses is 
associated with an increased risk of mammary 
carcinoma [3, 4]. However, expression of 
endogenous viruses in the form of viral pro- 
teins synthesized in the mammary gland is in- 
hibited in several mouse strains [3-5]. In the 
present study on the genetic regulation of 
expression of endogenous MuMTV, com- 
plementation resulting in the synthesis of 
MuMTV proteins was found in several F1 
hybrids of virus negative strains. 

MATERIALS AND METHODS 
Mice 

The following inbred mouse strains main- 
tained at the Radiobiological Institute T NO 
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were used: AKR, BALB/c, CBA, C3Hf, C57BL, 
GRS, ND2, RFM. Virological data and mam- 
mary tumour incidences have been obtained in 
earlier investigations of my laboratory [4, 6]. 

Milk samples were collected in the third lac- 
tation period of the 12th day postpartum. 

V/rl&g 

Tissue culture derived MuMTV originating 
from the virus producing C3H mammary 
tumour cell line, Mm5mt/cl, was obtained 
through the Office of Resources and Logistics, 
Biological Carcinogenesis Branch, National 
Cancer Institute, Bethesda, Md., U.S.A. 

Radioimmunoassay 
The envelope glycoprotein gp52 was isolated 

from solubilized MuMTV by means of Con- 
canavalin A affinity chromatography followed 
by gel filtration on Sephadex G150 according to 
Westenbrink et al. [7]. An antiserum has been 
raised in a rabbit against this viral antigen and 
proved to be highly specific in a variety of 
immunoassays [8]. Routine radioimmunoassay 
for gp52 as developed in my laboratory [8-11] 
were performed as follows: two-fold serial dilu- 
tions of skimmed milk were made in 20mM 
Tris-HC1, pH 7.6, 1 mM EDTA, 100 mM NaCI 
(TEN buffer) containing 0.~% Triton X-100, 
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2 mg/ml BSA and 300 ~g/ml -~ of protease in- 
hibitor phenylmethylsulfonyl-fluoride (PMSF). 
The latter compound was added shortly before 
use from a stock solution containing 20 mg/ml 
PMSF in isopropanol. To 10 ~1 of test antigen 
was added 40/~1 of buffer and 10 ~1 of rabbit 
anti-gp52 serum, absorbed with foetal calf 
serum, at a dilution sufficient to precipitate 50% 
of the input radioactivity. After an incubation 
period of 2 hr at 37°C, 40 gl  of gp52 iodinated 
according to the chloramine-T method [12], in 
TEN-buffer containing 6.5 mg/ml bovine serum 
albumin and 7.5% normal rabbit serum was 
added. After an additional incubation period of 
2hr  at 37°C, 30kd of swine anti-rabbit-im- 
munoglobulin serum (Nordic, Tilburg, The 
Netherlands) was added. Incubation was con- 
tinued for 1 hr at 37°C and overnight at 4°C. 

Following this, 0.5 ml of cold TEN-buffer was 
added and precipitates were collected by cen- 
trifugation for 30 min at 3000 g at 4°C. Pelleted 
material was washed and radioactivity deter- 
mined. To exclude the possibility of false posi- 
tive results, positive samples were subjected to 
immunoprecipitation with anti-gp52 serum. 
The precipitates were then analyzed by SDS- 
polyacrylamide gelelectrophoresis [13]. The 
amount of protein in the milk samples was 
determined according to Lowry [14]. 

RESULTS 
The sensitivity of the radioimmunoassay 

used in this study can be concluded from Fig. 
1: the lowest detectable amount is 0.1 ng of 
purified gp52. In milk samples the lowest 
detectable amount of gp62 is 0.3ng, cor- 
responding with approximately 1 ng of 
MuMTV. The radioimmunoassay of gp 52 as 
practiced in my laboratory proved to be highly 

specific [8-11]. No cross-reaction was found 
with any of the other MuMTV structural pro- 
teins nor with murine leukaemia virus poly- 
peptides. Organ or tumour extracts or milk 
had no significant effect upon the sensitivity 
and specificity of the assay. 

A very high content of gp52 was found in 
the milk of exogenously infected BALB/c mice. 
In this case the value was 543 ng of gp52 per 
mg milk protein. Considerably less was found 
in the milk of a (BALB/c×ND2) F1 mouse 
producing endogenous MuMTV: 23 ng/mg 
protein. The BALB/c milk sample was com- 
pletely negative, as has been repeatedly found 
in my laboratory. In comparison, in the 
supernatant of a mammary tumour cell line 
producing exogenous MuMTV's, the yield was 
0.1 mg gp52 per liter tissue culture fluid, which 
is below average. 

The expression of MuMTV gp52 at the third 
lactation period is given in Table 1 for the 
various inbred mouse strains. Strains AKR, 
BALB/c, CBA, C57BL, ND2 and RFM are 
consistently negative, while milk samples of 
C3Hf, DBAf and GRS are invariably positive. 
These results are in complete agreement with 
those obtained with the Sepharose bead im- 
munofluorescence assay [4, 6]. Milk samples 
from strains BALB/c, C57BL, and ND2 which 
were taken at later lactation periods than the 
third also proved to be negative. 

The occurrence of gp52 in milk samples of 
several F1 hybrids of these strains is shown in 
Table 2. The hybrids (BALB/c×C3Hf)F1,  
(BALB/c x GRS)F1, (C3Hf × GRS)F1, 
(CS57BL x BALB/c)F1, (C57BL x C3Hf)F1 and 
(C57BLxGRS)F1 have been tested before by 
means of the Sepharose bead immunofluores- 
cence assay. Comparable results had been 
obtained [4]. No appreciable differences are 
found between the two methods. The hybrids 
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Fig. 1. Radioimmunoassay for M u M T V  gp52 in mouse milk samples, m: purified go52; El: milk of 
BLAB/c mouse infected with MuMTV-S;  A: supernatant mouse mammary tumour cell line 

C3HMT/c l l l ;  O: milk of (BALB/c x ND2)F1 mouse; *: milk o[ BALB/c mouse. 
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Table 1. Detection of MuMTV gp52 in milk of 
inbred mouse strains 

Mouse strain Number of mice Number positive 

AKR 15 0 
BALB/c 35 0 
CBA 8 0 
C3Hf 6 6 
C57BL 12 0 
DBAf 7 7 
GRS 5 5 
ND2 13 0 
RFM 7 0 

M u M T V  in their  milk: ( B A L B / c × A K R ) F 1 ,  
( B A L B / c × N D 2 ) F 1  and (BALB/c×  RFM)F1. 
T h e  BALB/c  strain is one  of the paren ts  of  
each of these positive hybrids.  T h e  concen-  
t rat ion of viral pro te in  varies between 20- 
150 n g / m g  milk pro te in  in the samples  of these 
hybrids.  For compar i son ,  in samples  of BALB/c 
mice exogenous ly  infected with M u M T V - S ,  it 
varies be tween 100 and  1200ng/mg protein.  
Most F1 hybrids of virus negative strains do not  
contain M u M T V  gp52 in their  milk: (BALB/c × 
CBA)F1, (ND2 × AKR)F1, (ND2 × RFM)FI  and  
(RFM x AKR)F1. 

Table 2. Detection of muTV gp52 by means of radioimmunoassay in the milk of 
various F1 hybrids 

Hybrid Number of tested Number 
No. Female* Male* offspring mice positive % 

1 BALB/c AKR 8 3 38 
2 BALB/c CBA 12 0 0 
3 BALB/c C3HI 6 6 100 
4 BALB/c DBAf 7 7 100 
5 BALB/c GRS 3 3 100 
6 BALB/c ND2 20 15 75 
7 BALB/c RFM 16 16 100 
8 C3Hf CBA 11 1 9 
9 L-'3"IZf[ G-"RS 11 11 100 

10 C57BL BALB/c 5 1 20 
11 C57BL CBA 8 0 0 
12 C57BL C3Hf 9 0 0 
13 C57BL GRS 2 2 100 
14 DBAf C3Hf 8 8 100 
15 ND2 AKR 9 0 0 
16 ND2 RFM 7 0 0 
17 RFM AKR 6 0 0 

*Virus-positive mouse strains are underlined. 

which were sired by GRS males have very large 
quanti t ies of gp52 in their  milk, as was to be 
expec ted  on  the basis of  biological studies [15]. 
Not  every hybr id  in which the C 3 H f  strain is 
involved is positive. As previously  noted,  the 
g e n o m e  of the C57BL strain can inhibit  the 
express ion  of e n d o g e n o u s  M u M T V - L  f r o m  
C 3 H f  in their  F l -hybr id ;  this is in contras t  to 
g e n o m e  of the BALB/c  strain. T h e  CBA strain 
seems to have  similar inhibi tory proper t ies  in 
its F1 hybr id  with C 3 H f  as the C57BL strain. 

T h e  F1 hybr id  of  the virus releasing strains 
DBAf  and C 3 H f  is also virus positive. Surpr is-  
ing was the high incidence of virus positive 
animals  a m o n g  some F1 hybrids  of  mouse  
strains which do not  p roduce  e n d o g e n o u s  

T h e  incidence of gp52 positive animals  in a 
series of  crosses is p resen ted  in Table  3. T h e  
100% incidence in the test cross of virus nega-  
tive BALB/c to the positive F1 hybrid  (C3Hf × 
DBAf) indicates that  the genes which allow 
release of  e n d o g e n o u s  M u M T V  in the latter 
two strains [3, 4, 16] are located at ap- 
p rox imate ly  the same site in the same linkage 
g roup ,  if not  allelic. Otherwise,  several virus 
negat ive animals  would be expected.  If  the 
genes were located in di f ferent  l inkage groups ,  
app rox ima te ly  25% of the animals  p roduced  in 
this test cross would have been negative for  
gp52. 

T h e  incidences of  virus positive animals  in 
back crosses of  unexpec ted  positive F1 
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Table 3. Detection of MuMTV gp52 by means of radioimmunoassay in the milk 
o[ progeny mice of several crosses 

Number of tested Number 
Female Male offspring mice positive % 

BALB/c (C3Hf × DBAf)F1 42 42 100 
BALB/c (BALB/c x AKR)FI 61 12 20 
AKR (BALB/c × AKR)F1 25 8 32 
BALB/c (BALB/c × RFM)FI 22 10 46 
RFM (BALB/c × RFM)F1 31 10 32 
BALB/c (BALB/c × ND2)FI 33 11 33 
ND2 (BALB/c × ND2)F1 27 12 44 
RFM (BALB/c × ND2)F1 44 15 34 

sistently lower than in the F1 hybrids. These 
results can be explained by considering that 
different recessive genes in the BALB/c strain 
which inhibit endogenous virus release are 
complemented by other recessive genes from 
either AKR, ND2 or RFM strains, also not 
allowing virus production. In the back crosses 
to either parent, the inhibitory gene from one 
strain may become homozygous as in the 
parental strain, resulting in suppression of 
virus release into the milk. 

DISCUSSION 
Several publications have dealt with the 

detection of MuMTV polypeptides in mouse 
milk samples by means of radioimmunoassay 
[17-23]. In general, the results of the various 
studies agree quite well, particularly when 
high-cancer strains are concerned. Some 
authors report on low levels of viral proteins in 
the milk of presumably virus free low-cancer 
mouse strains [18, 22]. In their studies, the 
BALB/c strain is slightly positive, while in other 
[4, 17, 23] and our own investigations, this 
strain proves to be consistently negative for 
MuMTV in the milk. In our laboratory we have 
repeatedly tested BALB/c milk samples taken 
at various lactation periods and consistently 
found them to be negative. The quantity of 
MuMTV gp52 detectable with our method is so 
low that the discrepancy in results cannot be 
ascribed to the insensitivity of our technique. 
The difference in results must be due to either 
genetic differences among the various BALB/c 
sublines or to the measurement of nonviral 
artifacts. Some molecular-hybridization data 
obtained by Morris et al. [24] suggested the 
presence of an exogenous MuMTV in some 
BALB/c lines with a moderate mammary 
tumour incidence, including ours. Obviously, 
this hypothetical virus does not manifest itself 
during several lactation periods. 

The C BA strain produces MuMTV in several 

laboratories, presumably due to the sudden 
activation of endogenous MuMTV [1]. Our 
subline, which is closely related to the one of he 
Netherlands Cancer Institute, is genetically 
quite distinct from most CBA sublines. It does 
not produce MuMTV. The AKR and RFM 
strains are not known to be MuMTV 
producers. The ND2 strain, which has been 
developed from an outbred germfree colony in 
Notre Dame University, Indiana, U.S.A., has 
never been shown to produce MuMTV in our 
laboratory. 

Most mouse strains do not spontaneously 
release an endogenous MuMTV. However, in 
several so-called nonexpressor strains, 
significant quantities of MuMTV related RNA 
can be found in lactating mammary glands 
[25-28]. The absence of viral structural proteins 
in these glands indicates a genetically con- 
trolled inhibition at the translational level. 

Except for one study [29], most laboratories 
report low numbers of MuMTV RNA mole- 
cules to be present in lactating mammary 
glands of BALB/c mice [25-28, 30]. The ab- 
sence of viral polypeptides in this strain seems 
to be due to inhibition at the transcriptional 
level. The BALB/c strain is quite permissive to 
the expression of endogenous mammary 
tumour viruses of those mouse strains which 
release such viruses spontaneously [31]. It 
seems that, in F1 hybrids of BALB/c with some 
other virus negative strains, the genome of the 
BALB/c mouse allows the translation of the 
MuMTV-RNA molecules and subsequent 
processing of the precursor proteins to take 
place. 

In genetic terms, dominant BALB/c genes 
complement the inhibition of virus expression 
caused by recessive genes of the three other 
mouse strains. An alternative explanation is 
that dominant genes from either AKR, RFM or 
DN2 allow the manifestation of the latent, exo- 
genous MuMTV suspected to be present in our 
BALB/c colony [24]. 
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