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SUMMARY 

The expression of the mouse mammary tumor virus (MMTV) 

was studied in undifferentiated embryonal carcinoma cells (ECC), in 

partially differentiated myoblastic cells derived from ECC cells, and 

in fully differentiated myotubes. Whereas no appreciable amount of 

MMTV RNA. could be detected in embryonal carcinoma cells, hybridation 

with radioactive viral cDNA revealed relatively large quantities of tumor 

virus RNA in the teratocarcinoma derived myoblasts. The MMTV RNA 

level was strongly reduced after differentiation of myoblasts into myo- 

tubes. The glucocorticoid hormone dexamethasone which stimulates the 

MMTV RNA synthesis in differentiated mammary cells did not affect 

this synthesis in myoblastic cells. By contrast, the apparently repressed 

synthesis of MMTV RNA in myotubes was almost completely overcomed 

with dexamethasone. 

INTRODUCTION 

Viral particles are often detected in embryonic and neonatal 

tissue but they do not seem to affect later development. Thus, murine 

leukemia virus particles readily multiply in mouse embryo without 

causing tumors and they act only in aged mice as a disease causing 

agent (1,Z). The fact that C type particles are so frequent during 

embryonic life and are not detectable in normal adult cells (3) might 

have some interesting albeit not fully appraised significance. Hence, 

it might be worth having a model in vitro system whereby to study the 

modulation of viral expression in the embryonic and in the differentiated 

stages. 

A.bbreviations used are : MMTV, mouse mammary tumor virus ; 

ECC, embryonal carcinoma cells ; PCC3, primitive carcinoma 

cells (clone 3) ; PCC4, primitive carcinoma cells (clone 4) ; 

TNE, Tris base, NaCl, EDTA ; SDS, sodium dodecyl sulfate ; 

Dex, dexamethasone. 
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The mouse mammary tumor virus, MMTV, discovered by Bittner 

(4) in the milk of mice of the C3H strain, is an endogenous virus closely 

related to the murine leukemia viruses. MMTV particles contain two 

molecules of 35 S RNA transcribed from proviral sequences found to be 

integrated in the genomes from all the mouse strains thus far studied (5). 

The expression of MMTV,generally as exogenously introduced DNA, 

is hormone dependent (6) in some strains, like C3H or GR, and it has 

previously been shown that MMTV RNA synthesis in a mammary GR cell 

line is stimulated by the glucocorticofd receptor protein complex (7,8,9). 

From the considerations outlined above, it was therefore of interest to 

analyze the control of MMTV expression during cell differentiation. In 

the present study we have compared the level of expression of this virus 

in some strains of murine embryonal carcinoma in tissue culture, as well 

as in some myoblastic lines derived from the same teratoma and cultivated 

either in the blastic stage or at the stage of early fusing myotubes. The 

sensitivity of MMTV RNA synthesis to glucocorticoi’d hormones has also 

been examined. 

MATERIAL AND METNODS 

Cell culture and dexamethasone treatment. The embryonal carcinoma 
lines (PCC3, PCC4) and myoblast cell line C17-Sl-D-T984 were previous- 
ly described (10, 11). Cells were grown in Dulbecco’s modified Eagle me- 
dium(12) containing 15% foetal calf serum on 10 cm Falcon tissue culture 
dishes, in humidified incubators with 10% carbon dioxide 90% air. 
Embryonal carcinoma cells (PCC3, PCC4) and myoblast cells were 
harvested during exponential growth. Fused myoblasts were obtained 
after 6 days of myoblast cell culture. Dexamethasone was added at 
5.10-7 M to the exponentially growing myoblast and differentiated myotubes 
for 6 hours. 

Preparation of RNA and RNA/DNA hybridization. Cells were pelleted, 
washed at 4°C in phosphate buffered saline. Cells at a concentration of 
5. lo6 cells/ml were resuspended in TNE buffer (0.01 M Tris base, pH 
7. 5 ; 0. 01 M NaCl, 0. 01 M EDTA., 0. 1 mM diethylpyrocarbonate). Cell 
suspension was then treated with 500 pg/ml pronase and 0. 5% (w/v) SDS 
for 2 hrs at 37°C. Nucleic acids were extracted twice with phenol 
saturated with TNE and precipitated with ethanol. Pellets of nucleic 
acids resuspended in 10 mM Tris HCl, pH 7.6 plus 10 mM MgC12 were 
treated with DNase for 2 hrs at room temperature, RNA was reextracted 
with phenol, precipitated with ethanol and resuspended in a small volume 
of TE (0. 01 M Tris base, pH 7. 6 ; 3 mM EDTA) to a concentration of 
about 3 mg/ml. 

DNA complementary (cDNA) to the MMTV RNA genome was 
synthesized using the endogenous DNA polymerase activity of the virus 
purified from mouse milk as described elsewhere (9). The cDNA prepared 
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TABLE I 

MMTV expression in the embryonal carcinoma, teratocarcinoma derived 

and mammary cell lines 

MMTV RNA (copies/cell) 

- Dex t Dex 

Embryonal 
carcinoma 

PCC3 0 0 

I ,  I I  PCC4 0 nd 

Myoblast C17-Sl-D-T984 1300 1300 

Myotubes C17-Sl-D-T984 30 600 

Mammary CR 
cells 

Conversion to number of copies/cell was established by assuming Rot l/2 = 50 
to be equivalent to 5500 copies/cell. 

with 
L 

3H) thymidine - 5’ - triphosphate (50 Ci/m mole) had specific activity 

of 10 cpm/ ug. The viral RNA concentration within RNA extracted from 

cells was determined by annealing increasing amounts of RNA with 1000 

cpm of cDNA at 68°C in annealing buffer (0.6 M NaCl, 0. 05 M Tris HCl, 

pH 7.4, 0. 003 M EDTA). The amount of RNA:cDNA hybrid structure was 

determined by resistance to single strand specific Sl nuclease. 

RESULTS 

Although MMTV specific nucleotide sequences are known to 

exist in multiple copies in all tested strains of laboratory mice (5), 

viral particles could be related to the expression of other endogenous 

viruses. A closer examination of the extent of MMTV expression in 

the various cell lines under study required that the concentration of 

MMTV RNA be measured by nucleic acid hybridization. The comple- 

mentary DNA. used as a probe to detect specific MMTV RNA sequences 

was made with the endogenous RNA directed DNA poIymerase of MMTV 

particles released in the milk of mouse. The concentration of viral RNA 

in the cells (Table I) can be estimated from the initial RNA concentration 

(Ro) and the time (t) necessary for annealing the radioactive-cDNA. The 
3 

H-cDNA probe was hybridized to an excess of total RNA purified from 

the embryonal carcinoma strains (PCC3, PCC4) and GR mammary cells 

(Fig. 1). or from the myoblastic C17-Sl-D-T984 cell line (Fig. 2, 3) taken 
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Fig. 1 : Hybridization with MMTV cDNA of RNAs from nullipotent PCC4 
ECC(t), multipotent PCC3 ECC (o , l ) and GR mammary cells 
(AsA 1. Culture cells were non treated ( o, A ) or treated 
( l , A ) with dexamethasone for 6 hours ( 5 10e7M). 

Fig. 2 : Kinetics of hybridization of MMTV RNA from myoblastic cells 
non treated (-•-) or treated ( A) with dexamethasone. Cells 
were treated with 5. 10m7M dexamethasone for 6 hours. RNA was 
extracted and hybridized as described in “Material and Methods”. 

Fig. 3 : Hybridization with MMTV cDNA of RNA from fused myoblast 
non treated (--e-) or treated (--o-J with dexamethasone. Fused 
myoblastic cells were treated as undifferentiated myoblast. RNA 
was extracted and hybridized as described in “Material and Methods”. 

at various developmental stages, either before or after myotube formation. 

From the hybridization curves of Fig. 1, 2 and 3, the following can be 

concluded: 

a) Undifferentiated ECC lines, whether multipotent like PCC3 

or nullipotent like PCC4 do not contain appreciable amounts of MMTV RNA 

as compared to the CR epithelial mammary cell. 
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b) By contrast, a high concentration of MMTV RNA was detected 

in the myoblastic cell line derived from the undifferentiated embryonal 

carcinoma. Interestingly unfused myoblasts contain 20 fold more MMTV 

RNA than myotubes obtained from myoblasts grown for 6 days (Table I). 

Experiments with dexamethasone (Dex), a synthetic glucocorticoid, 

have shown that mammary cells treated with this hormone for 6 hrs 

manufacture 13 fold more MMTV RNA than untreated cells (Fig. 1, Ref. 

8, 9). Therefore, we have determined whether a similar treatment would 

influence MMTV RNA synthesis.in unfused myoblasts and the derived 

myotubes. Whereas MMTV RNA synthesis in myoblastic cells proved 

unsensitive to dexamethasone, that occuring in myotubes was stimulated 

up to 20 fold. However the concentration of MMTV RNA. in stimulated 

myotubes remained much lower than the concentration achieved in 

stimulated mammary cells (Table I). 

DISCUSSION 

This work clearly illustrates a correlation between the extent 

of cell differentiation in mouse cell lines and the expression of the 

endogenous MMTV virus. Whereas no MMTV RNA synthesis was shown 

to occur in embryonal carcinoma cells (PCC3, PCC4) important synthesis 

took place in C17-Sl-D-T984 a myoblast line derived by subcloning from 

the same teratoma as PCC3. This synthesis of MMTV RNA was almost 

completely abolished after conversion of the mononucleate mouse myo- 

blasts to multinucleate myotubes. 

This differential expression of endogenous MMTV must be 

compared with results from studies on the response to virus infection 

of cells examined at various states of differentiation. It has already 

been observed that when they are infected with DNA. viruses, like SV40 

and polyoma, embryonal carcinoma cell lines show no evidence for 

viral expression (15, 16) whereas differentiated cell lines clearly support 

expression of these viruses. Moreover RNA viruses like mengovirus 

(17) or murine C type viruses (18, 19) do not replicate in embryonal 

carcinoma cells. In contrast they multiply very efficiently in differen- 

tiated derived cells (18. 19). For example, murine leukemia viruses 

readily infect and develop in myoblastic cell line (19). The resistance 
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of embryonal carcinoma cells to RNA viruses is not related to an early 

defect in the infection step (adsorption or penetration) but rather involves 

a later step (DNA integration or viral transcription) (19). Studies with 

SV40 virus suggest that the blockade in the expression of viral T antigen 

would be related to the process of early transcription or early messenger 

RNA “splicing”. 

Recent studies have shown that two transcripts of the MMTV 

genome contain sequences from the 5’ terminus which are probably 

“spliced” during processing from a larger primary transcript (20). 

Repression of MMTV expression in myotubes is at least partially 

overcome by treatment with the glucocorticoid hormone analog, dexa- 

methasone. MMTV RNA synthesis in myotubes could be activated at the 

nuclear level by a dexamethasone receptor complex, although this 

remains to be proven. The high level of MMTV RNA found in myoblasts 

before fusion is not modified by dexamethasone treatment or at least not 

increased to the level characteristic of hormone inducible mammary 

cells, This lack of hormonal effect in myoblasts could be due either 

to the absence of cytoplasmic glucocorticoid receptor or to an inactive 

“chromatin site” for the receptor hormone complex. 

An effect on the MMTV RNA stability is unlikely since it was 

shown by us (22) and others(l3,14,23)that glucocorticoid hormones affect 

the initial rate of specific MMTV RNA production. To explain differences 

between myoblasts and myotubes we favour the hypothesis that two 

separate controls regulate the MMTV expression, one determining the 

baseline level and the other inducibility. Thus, MMTV genes experi- 

mentaly integrated into the genome of rat hepatoma cells (24), mink 

lung cells or cat kidney cells (25) are expressing at different levels 

and this expression is strongly stimulated by dexamethasone. On the 

other hand, like myoblast s, other non mammary mouse cells, such as 

the S 49 mouse lymphosarcoma cells, express MMTV genes at a 

high level in a hormone independent manner (7, 26). Inducible and non- 

inducible pathways of expression can be explained by assuming that the 

chromosomal locus at which an MMTV genome is located determines its 

phenotypic effects. In this respect, interesting insights would probably 
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be given by measuring the number of copies integrated in embryonal 

carcinoma cells, myoblasts and myotubes respectively. 

Finally the ability of viral genes to respond in a larger spectrum 

of cultured cell types rules out the possibility that glucocorticoid respon- 

siveness is strictly limited to mammary cells. The process of gluco- 

corticoi’d activation could be analogous to positive control mechanisms 

during the induction of bacterial enzymes where binding at a specific 

promotor site triggers transcription of the adjacent gene. Acidic non- 

histone proteins which bind specifically to DNA could possibly be involved 

in this type of regulation. 
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