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A b s t r a c t - - M a m m a r y  tumours arising in mice which had been tested for the presence 
of mammary tumour virus ( M u M T V )  in the milk were tested for either the presence of 
infectious M u M T V  by bioassay in female BALB/c mice or for the presence of the 
major M u M T V  envelope glycoprotein gp52. In crosses involving the high cancer strain 
GRS, 16/17 tumours appearing before 1 yr of age contained a virulent virus. Only 
2/19 of the late appearing tumours in virus positive mice, harboured a virus which 
induced tumours at an earl), age but 12 contained an infectious late-oncogenic 
M u M T V .  In crosses involving the C3Hf  mouse strain which develops tumours at a 
late age, only 2/28 tumours in virus positive mice contained a virulent M u M T V  but 
15 harboured a late-oncogenic .~train. Of/he 22 turnouts which arose in .so-called virus- 
negative mice in all crosses, 7 harboured an infectious M u M T V ;  it was highly virulent 
in 3 cases. In the immunoassay, all 41 tumours which developed in mice with virus 
positive milks were also positive for gp52. The majority (25/39) of tumours arising in 
virus negative mice were positive for the viral antigen, although the quantities were 
relatively low. 

I N T R O D U C T I O N  

IN AN earlier study we have analyzed the 
genetical factors which controlled the release 
of endogenous murine mammary  tumour virus 
(MuMTV)  in some mouse strains [1]. It was 
found that virus release at a young age cor- 
responded with an increased risk for mam- 
mary tumour development, but an appreci- 
able number of so-called virus-free mice de- 
veloped a mammary  carcinoma at a late age. 

The aim of the present investigation was to 
obtain evidence for switching on of M u M T V  
in these tumours. Initially, this was attempted 
by bioassay of cell-free extracts in female 
BALB/c mice. In a second phase, tumours 
were screened for the presence of the major 
viral envelope glycoprotein gp52. 

M A T E R I A L S  A N D  M E T H O D S  

Mice 

The strains BALB/c, C57BL, C3Hf and 
GRS were obtained from the breeding colony 
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of the Radiobiological Institute TNO. For the 
crossing program, the maintenance of the 
animals and virus testing, see an earlier publi- 
cation [1]. Tumours were taken at autopsy of 
the mice and immediately stored in liquid 
nitrogen. 

Bioassay 

After thawing, tumours were homogenized 
in phosphate buffered saline (5ml/g of tu- 
mour) with a Sorvall ominimixer at 19,000 
rev/min for 1 min. The suspension was spun at 
20,000 rev/min in a Sorvall RC2-B superspeed 
centrifuge. All steps were carried out 4°C. 
The cell-free supernatant was collected and 
immediately injected i.p. into 4-week-old 
BALB/c mice (0.5ml per animal). Twenty 
BALB/c mice were used for each tumour. 
Two weeks after the injection, the mice were 
subjected to forced breeding. The experiments 
were terminated when the females were 2yr  
of age. 

Immunoassay 

A rabbit antiserum to purified gp52 absor- 
bed with normal mouse serum and fetal calf 
serum and which has been shown m hc highly 
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specific for gp52 [2], was used in the 
Sepharose bead immunofluorescence assay. 

T h e  protein content  of  cell-free extracts of  
the m a m m a r y  turnouts was de termined  by the 
f luoram method  [3] and subsequently equa- 
lized to 5 m g / m l  using PBS with 2"~, Tw een  
80. 

For  comparison,  a cell-free extract  was pre- 
pared from a spontaneous rat m a m m a r y  car- 
c inoma to which was added purified 
M u M T V  (0.07mg/ml) .  Subsequently,  2-fold 
dilutions were made  in PBS-Tween .  T h e  re- 
sults obta ined with this mixture  in the 
Sepharose bead immunofluorescence  assay 
funct ioned as reference for those da ta  ob- 
tained with the mur ine  tumours (Fig. 1). 

In crosses involving thc G RS  strain which 
genetically transmits the virulent  M u M T V - P  
[1], 16 out of  17 turnouts which appeared  
before 1 year  conta ined a virulent  M u M T V .  
Th e  incidences in the corresponding BALB/c 
groups at 1 year  were at least 40~!i,. 

In the second category of  tumours arising 
after the 1-year cut-off  point  in virus positive 
mice, only 2/19 conta ined a virulent  virus. 
However ,  12 other  tumours induced an excess 
of  tumours  of  over  60<':i, at 2 yr, which might  
indicate the presence of  a late-oncogenic 
M u M T V .  O f  the 8 tumours  which arose, in 
animals which had virus negative milks, two 
were positive for an oncogenic M u M T V ;  one 
of  these could be regarded as virulent. 
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c e n c e  as.~'a 1'. 

RESULTS 
Bioassays 

T h e  tumour - induc ing  capaci ty  of  cell-free 
extracts from several tumours  in BALB/c mice 
is presented in Tab le  1. T h e  extracts were 
regarded as conta ining an infectious M u M T V  
when at least 60~I() of  the injected ~-roup~ ~)t" 
BALB/c mice developed m a l n m a r \  l lllll(,m~. 
Dur ing  this 4-year  study, 8 separawd gr(ml)s 
of  at least 25 unt rea ted  BALB/c mice were 
subjected to forced breeding. T u m o u r  in- 
cidences ranged from 12 to 36°:~). 

A virulent  M u M T V  strain was defined as 
one causing more  than 20~i) m a m m a r y  tu- 
mours in mice before 1 yr of  age. O f  the 337 
control  BALB/c mice only 3 developed a 
m a m m a r y  carc inoma before tirol ,to-c. 

In the series of  crosses involving the C 3 H f  
mouse strain (and excluding the G RS  strain) 
several tumours  appeared  before 1 yr of  age. 
However ,  from none of  the 5 early tumours  
tested was a virulent  virus retrieved. In 2 of  
the 23 tumours  which appeared  at a relatively 
late age in virus positive mice, a virulent  
M u M T V  was shown to be present, while 13 
others contained a virus that  induced tumours 
at a late age. An infectious M u M T V  was 
detected in 5/14 tumours  which developed in 
so-called virus negative mice; two of these 
viruses proved to be virulent.  

T h e  results of  the immunoassay  for gp52 of  
ano ther  set of  tumours  are presented in Tab le  
2. Those tumours  which were scored as po- 
sitive in this imnmnoassay had values con- 
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Table 1. Bioassay of mammary tumors for the presence of an infectious M u M T V  

26"9 

Virus T u m o r  No. of  No. positive 
c~ Cross d' s tatus* a p p e a r a n c e t  tumors  tested MuMTV+* 

No. wi th  
virulent  

M u M T V §  

1. C57BL C57BL x G R S  + early 6 5 
+ late 4 2 
- late 2 0 

2. C57BL BALB/c x G R S  + early 2 2 
+ late 3 3 

3. BALB/c BALB/c x G R S  + early 3 3 
+ late 7 5 
- late 3 1 

4. BALB/c C57BL x G R S  + early 1 1 
+ late 2 1 
- late 1 0 

5. BALB/c C 3 H f x  G R S  + early 5 5 
+ late 3- 3 
- late 2 1 

6. BALB/c BALB/c x C 3 H f  + early 2 2 
+ late 6 4 
- late 3 1 

7. C 3 H f  BALB/c x C 3 H f  + early 1 0 
+ late 7 4 
- late 2 2 

8. C 3 H f  C57BL x C 3 H f  + late 3 2 
- late 2 1 

9. C57BL x C 3 H f  C57BL x C 3 H f  + late 1 0 
- late 4 0 

10. BALB/c C57BL x C 3 H f  + early 2 2 
+ late 6 5 
- late 3 1 

*Vira l  ant igens  in milk at 5 -6  mon ths  o f  age. 
~'Early is t u m o r  before 1 yr o f  age. 
+*Positive is at least 6 0 %  tumors  after 2 yr in recipients.  
§Virulent  is more  than  20% tumors  before 1 yr in recipients.  

Table 2. Presence of gp52 in mammary tumors obtained in several crosses 

No. wi th  No. wi th  
Virus  No. of  No. less than  30 ng 30-100 ng 

Cross No.*  status~" tumors  tested negat ive gp52~, gp52+* 

No. with 
> 100ng 

gp52$ 

1 + 6 1 

- -  l 1 

2 + 6 
3 + 3 

- -  2 1 1 

4 + 3 
- -  4 2 2 

5 + 4 1 
- 3 2 1 

6 + 5 
- -  5 2 1 2 

7 + 6 
- 5 1 1 2 

8 + 3 
- -  4 2 1 1 

9 + 3 1 
- -  2 l 1 

10 + 2 
- -  1 3  2 1 0  1 

*For  na ture  o f  crosses, see Tab le  1. 
+ M u M T V  antigens in milk at 5 -6  months  
.+per mg/ml  protein.  

o f  age. 
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siderably higher  than background levels (more 
than 5 S.D.). 

All 41 tumours  which arose in mice which 
were positive for M u M T V  in their  milk at 
earlier testing [1] were positive for the 
M u M T V  glycoprotein gp52. The  tumours  
contained more  than 30ng  of  gp52 per mg 
tissue protein.  O f  the 39 tumours  which arose 
in so-called virus-negative mice, 25 were po- 
sitive for gp52, a l though the values were 
general ly lower (less than 3 0 n g / m g  tissue 
protein) .  

DISCUSSION 

Molecular  hybridizat ion studies revealed 
that  every mouse strain tested so far contains 
multiple proviral  copies of  M u M T V  in its 
normal  cellular D N A  [4, 5]. A n u m b e r  of  host 
genes which control  the release of  endogenous 
M u M T V  have been identified [1,6, 7]. 

Germinal  mutat ions in such controll ing 
genes, leading to spontaneous release of 
M u M T V ,  are associated with an increased 
risk for m a m m a r y  tumour  deve lopment  [1]. 
In the G R S  strain, one may  even regard 
m a m m a r y  carc inoma as being an heredi ta ry  
disease, due to the action of  the Mtv-2 gene 
which is responsible for the release of large 
amounts  of  M u M T V - P  [1,7].  

In the previous study a substantial  n u m b e r  
of  mice which were negative for M u M T V  
antigens in their milk nevertheless developed a 
m a m m a r y  "neoplasm [1]. This tinding promp-  
ted the present investigation on whether  
these tumours  would result from the 
switching-on of  endogenous M u M T V  at a 
late age, as has been occasionally observed in 
the BALB/c mouse strain [8, 9]. 

As was to be expected,  the major i ty  of  early 
tumours  in crosses involving the G R S  strain 
conta ined a potent  M u M T V ,  while only a 
few of  the late tumours  ha rboured  such a 
virus. Most of  the tumours  which arose at a 
late age in mice with relatively small amounts  
of  M u M T V  antigens in the milk contained an 
infectious M u M T V  but usuall\ ~,1" tilt' latc- 
oncogenic type. T h e  later alq)Cal~,llwc ~,1 
m a m m a r y  neoplasms in recipient BAIAIc 
mice under  influence of  the extracts fi'om late 

tumours  cannot  be due to the small quantit ies 
of  virus in the inoculum, since concentra ted  
samples of  M u M T V - L  also induce a high 
incidence of  tumours  in BALB/c mice but  at a 
late age [1,8].  

In the crosses involving the C 3 H f  mouse 
strain (except for the one in which the G R  
strain was also involved),  a somewhat  dif- 
ferent pat tern  is found. None of  the tumours  
arising before 1 yr of  age contains an agent 
which can induce early m a m m a r y  neoplasms 
on inoculation, into BALB/c mice. It seems 
that  the release of  M u M T V - L  by the C 3 H f  
mouse genome in combinat ion  with the ex- 
t reme susceptibility of  the BALB/c mouse gc- 
nome leads to the early appearance  of m any  
tumours,  while exogenous infection of  BALB/c 
with M u M T V - L  only evokes the late ap- 
pearance  of  m an y  tumours.  

Th e  major  finding is that a significant 
minor i ty  of  tumours  which developed in 
'virus-free' mice contained an infectious 
M u M T V .  It is an at t ract ive assumption that  
these tumours resulted from act ivat ion of  en- 
dogenous M u M T V  at a late age. 

In the immunoassay,  all tumours  which 
arose in virus positive animals were positive 
for the M u M T V  glycoprotein.  More  interest- 
ingly, the majori ty of  tumours (25/39) which 
arose in so-called virus negative animals were 
also positive for gp52 of  M u M T V .  Again, it is 
at t ract ive to assume that  the latter group of  
tumours  result from switching-on of  virus in 
ageing mice. 

Still, a substantial n u m b e r  of  tumours  did 
not contain M u M T V  specific proteins. Partial  
switching-on of  endogenous M u M T V ,  viz. of  
the presumed mam-gene [10], might  possibly 
be responsible for the genesis of these tumours.  
It must be kept in mind, however,  that 
cellular genes other  than those from endo- 
genous M u M T V  can be involved in the 
main tenance  of  the t ransformed state of  mam-  
mary  cells. 

Acknowledgements--Expert biotcchnical assistance 
was given in this program by Ms. Len Langelaan, .Mr. 
E. L. Hoog, Mr. J. van der Brugge and Mr. P. Honig. 
The immunoassays were meticulously carried out by Ms. 
Heleen van der Berg. The antiserum to gp52 was 
prepared by Dr. F. Westenbrink. Dr. A. C. Ford is 
thanked for his aid in the preparation of the manuscript. 

1. 

REFERENCES 

P. BENTVELZEN, J. BRINKHOF and J. J. HAAIJMAN, Genetic control of en- 
dogenous murinc mammary tumour viruses reinvestigated. Europ. J. Cancer 14, 
1137 (1978j. 



Expression o/ Mammary Tumour Virus 

2. F. WESTENBRINK I W. KOORNSTRA, P. CREEMERS, J. BRINKHOF and P. 
BENTVELZEN, Localization of murine mammary tumor virus polypeptides on 
the surface of tumor cells. Europ. ft. Cancer 15, 109 (1979). 

3. S. UDENFRIEND, S. STEIN, P. BOHLEN, W. DAIRMAN, W. LEIMGRUBER and M. 
WEIGELE, F!uorescamine: a reagent for assay of amino acids, peptides, 
proteins and primary amines in the picomole range. Science 178, 871 (1972). 

4. V. MORRIS, E. MEDEIROS, G. M. RINGOLD, J. M. BISHOP and H. E. VARMUS, 
Comparison of mouse mammary tumor virus specific DNA in inbred, wild 
and Asian mice, and in tumors and normal organs from inbred mice. J .  molec. 
Biol. 114, 73 (1977). 

5. R. MICHALIDES, L. VAN DEEMTER, R. NUSSE, G. ROPCKE and L. BOOT, 
Involvement of mouse mammary tumor virus in spontaneous and hormone- 
induced mammary tumors in low-mammary-tumor mouse strains. J. Virol. 27, 
551 (1978). 

6. R. VAN NIE and A. A. VERSTRAETEN, Studies of genetic transmission of 
mammary tumour virus by C3Hf mice. Int. J. Cancer 16, 922 (1975). 

7. R. VAN NIE, A. A. VERSTRAETEN and J. DE MOES, Genetic transmission of 
mammary turnout virus by GR mice. Int. J. Cancer 19, 383 (1977). 

8. P. HAGEMAN, J. CALAFAT and J. H. DAAMS, The mammary tumor viruses. In 
RNA Viruses and Host Genome in Oncogenesis. (Edited by P. Emmelot and P. 
Bentvelzen) p. 283. North-Holland, Amsterdam (1972). 

9. P. BENTVELZEN, Endogenous mammary tumor viruses in mice. Cold Spr. Harb. 
Symp. quant. Biol. 39, 1145 (1975). 

0. J. HILGERS and P. BENTVELZEN, Interaction between viral and genetic factors 
in routine mammary cancer. Advanc. Cancer Res. 29, 143 (1978). 

271 


