
tion in the concentration of sulfur com- 
pounds taken with a 2-hour sequential 
sampler (9). 

We cannot now state quantitatively 
how much of the S042- aerosol is 
natural; however, on the basis of the 
known source strengths of sulfur com- 
pounds in this region, it seems likely 
that human sources of SO2 dominate. 
The sources of SO, (mainly fossil-fuel 
power plants) are located on a spatial 
scale of from 10 to 100 km in Missouri 
and the surrounding states. The removal 
distance for SO., and its oxidation 
products is of the order of 1000 km 
(10), so that any site in the region is 
continually under the influence of a 

large number and variety of sources. 
It is intriguing to speculate that these 

compounds, which dominate the light- 
scattering hazes in eastern Missouri, 
may also extend to the entire Midwest. 
Such visible, turbid air is noted in 
summer from perhaps Topeka, Kansas, 
to the East Coast and from Chicago, 
Illinois, to Little Rock, Arkansas (11), 
and only really disappears with massive 
intrusions of Canadian air in winter. 
Until more studies of these acid aero- 
sols are available, their real and poten- 
tial effects can only be matters for 
speculation. The utility of control strat- 
egies for particulate matter in cities 
[including sulfates, which are alleged to 
have effects on health (2) and which 
may be mainly regional and not urban] 
will be even less certain than the prelim- 
inary results presented in this report 
(12). 
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Studies on the etiology of mammary 
tumors have relied largely on the mouse 
model system in which the murine mam- 

mary tumor virus (MMTV), an RNA- 
containing virus with a reverse tran- 

scriptase, is an important factor in nat- 

urally occurring mammary adenocarci- 
nomas (1). Expression of MMTV in 
mouse tissues other than mammary 
glands is frequently recognized (2), 
and virus production in vivo is gen- 
erally associated with epithelial tissues. 
In an effort to study the virus-cell in- 
teraction in greater detail, several cell 
lines that are derived from spontaneous 
mouse mammary tumors and contain 

relatively low levels of MMTV have 
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been established (3-5). We found that 
clonal cell populations from one of 
these MMTV-positive tumor cell lines 
(CCL-51) had markedly different 
amounts of MMTV RNA and virion 
protein, but comparable amounts of 
MMTV DNA as measured by nucleic 
acid association reactions (6). These 
results and the widespread presence of 
MMTV DNA in different mouse strains 
(7, 8) suggested that although MMTV 
was present in all murine cells, its ex- 
pression might be regulated by cellular 
control mechanisms acting at the level 
of MMTV RNA transcription from 
DNA. 

In addition to the virus, a second 
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Fig. 1. Electron photomicrographs of dexamethasone-treated L8A C1 11. Cells treated 
with dexamethasone for 72 hours were processed as described (18). Many type B 
particles are seen associated with the plasma membrane, apparently having completed 
the budding process. Intracytoplasmic type A particles were rare. Typical MMTV 
surface projections are seen on the particle in the inset. Bar, 1 ,rm; inset, X 115,000. 
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Dexamethasone Stimulation of Murine Mammary Tumor Virus 

Expression: A Tissue Culture Source of Virus 

Abstract. In mouse cell lines derived from mammary adenocarcinomas, the 
synthetic steroid dexamethasone stimtulates production of murine mammary 
tumor virus. Viral RNA and antigens are increased as much as 20-fold, and 
culture fllid supernatants from steroid-treated cells contain type B particles with 
reverse transcriptase. These cells provide a possible tissue culture source of this 
virus and a model system for studying the mechanislm of action of corticosteroids 
and the regulation of transcription of integrated viral DNA. 
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major factor in natural murine mam- 
mary tumorigenesis is the influence of 
hormones. Since hormones modify epi- 
thelial differentiation, possibly by inter- 
acting through cytoplasmic receptors 
with cellular DNA (9), we attempted 
to stimulate MMTV production from 
these cell lines with steroids. 

The effect of dexamethasone, a po- 
tent synthetic corticosteroid, on MMTV 
particle and antigen production from 
various murine cell lines is shown in 
Table 1 and Fig. 1. Four cell lines have 
been tested: the two clones of CCL-51, 
of which one (L8A Cl 11) produces 
relatively high amounts of MMTV pro- 
teins and the other (LBA Cl 6) syn- 
thesizes only 0.5 to 2 percent as much 
MMTV RNA or antigen as Cl 11: 
NBRL 2999, a cell line derived from 
a C3H mouse mammary tumor by 
Owens and Hackett (5, 10); and KA31, 
a Kirsten sarcoma virus-transformed 
nonproducer cell line of BALB/c mouse 
clone A31 (11), which has no detect- 
able MMTV RNA or protein but which 
does contain MMTV DNA sequences 
(8). 

When varying concentrations of dexa- 
methasone were added to the three 
mouse cell lines of mammary gland 
origin, there was pronounced stimula- 
tion of several indicators of MMTV 
production. The percentages of L8A 
Cl 6 cells positive for the MMTV cell 
surface antigen (12) increased from 
6 percent before treatment to 65 per- 
cent after 7 days of treatment with 
dexamethasone (0.1 /tg/ml). In the 
case of L8A Cl 11, cell surface antigen 
was detectable in 20 to 30 percent of 
untreated cells and more than 80 per- 
cent of treated cells; for NBRL 2999, 
the corresponding values were 72 per; 
cent before treatment and almost 100 
percent afterward. Levels of MMTV 
gp52(sl) (13) also increased 10- to 
20-fold in treated L8A cells. Electron 
microscopy indicated that production of 
type B particles became abundant (Fig. 
1), and the extracellular type B par- 
ticles had surface projections typical of 
MMTV in L8A Cl 11. In contrast to 
those in earlier reports, the particles 
were free in intercellular spaces rather 
than in the process of maturation (bud- 
ding) or associated with the plasma 
membrane (3, 6). The supernatant cul- 
ture fluids from dexamethasone-treated 
L8A Cl 11 contained a sedimentable 
DNA polymerase activity with biochem- 
ical and chromatographic characteris- 
tics of MMTV; this activity was 20- 
to 50-fold higher than that in untreated 
cultures (data not shown). Untreated 
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Fig. 2. Hybridization with RNA of con- - 
trol and dexamethasone-treated L8A C1 6. E 
Cells were seeded in 500-ml Bellco roller ' 

flasks (- 1 X 107 cells per flask) in Dul- ? 16 
becco's modification of Eagle's medium 12 
containing 10 percent fetal calf serum and 
grown at 37?C. When the cells had 
covered approximately 75 percent of the 4 4 
area of the bottle (3 to 4 days), they were .2 ...,. 
placed in fresh medium with or without c RN00 200 
dexamethasone (10 ug/ml) and grown for 
an additional 72 hours. Cells were then scraped into PBS and washed three times in 
PBS at 4?C by centrifugation at 800 rev/min for 5 minutes (Damon/IEC model 
PR6000). Total cellular RNA was extracted (19); recoveries from the two lines were 
comparable. [:H]DNA RNA hybridizations were analyzed (6, 19) with the use of 
Neurospora S, nuclease, which degrades single-stranded DNA but not DNA in 
RNA DNA hybrids. Each reaction contained single-stranded [;H]DNA (2500 count/ 
min of trichloroacetic acid-precipitable material) prepared from MMTV harvested 
from RIII mouse milk (6). Radioimmunoassay of MMTV GP52(sl) in this experiment 
indicated an eightfold increase of antigen in the dexamethasone-treated L8A Cl 6, 
somewhat less than that reported in Table 1. Symbols: L8A Cl 6 (*): L8A Cl 6 
plus dexamethasone ()); and IL8A Cl 11 (A). 

KA31 cells, in contrast to L8A Cl 6, 
L8A Cl 11, and NBRL 2999, do not 
have detectable MMTV RNA or anti- 
gens; dexamethasone treatment of 
KA31 cells did not result in detectable 
amounts of MMTV antigens or par- 
ticles. Thus, dexamethasone stimulation 
appears, so far, to be specific for mu- 
rine cells of mammary origin and to be 
an enhancement of basal levels of 
MMTV production. By comparable 
radioimmunoassays, no increase in the 
p30(gs) antigen of mouse type C virus 
was detected in any of these dexameth- 
asone-treated cell extracts (14). 

In addition to these immunologic, 
electron microscopic, and enzymatic 

studies, dexamethasone effects on 
MMTV-specific RNA in L8A Cl 6 
cells were measured by [:tH]DNA-RNA 
hybridization with ["H]DNA synthesized 
from MMTV RNA by using reverse 
transcriptase (6, 7. 15). Viral RNA in 
untreated L8A Cl 6 was present in sig- 
nificantly lower amounts than in L8A 
Cl 11, the relatively high MMTV ex- 
pressor (Fig. 2). In L8A Cl 6 cells 
treated with dexamethasone for 72 
hours, viral RNA levels approached 
those in the untreated L8A Cl 11 cells. 
These results indicate that dexametha- 
sone stimulation of MMTV antigen 
production in L8A Cl 6 is accompanied 
by an increase in MMTV RNA. It is 

Dexa- Cells Table 1. Effect of dexamethasone on MMTV 
Imetha- IF- Elec- production measured by immunoassay and 

sone posi gp52(sl) tron electron microscopy. The murine cell lines 
(mg/ tive (ng/mg) micros- were plated at 200,000 cells per 60-mm petri 
ml) (%) copy dish in Dulbecco's modification of Eagle's 

medium with 10 percent fetal bovine calf se- 
L8A Cl 6 rum. Four hours after attachment, medium 

None 6 61 - containing dexamethasone (Sigma) at the 
0.1 65 * +-+ listed concentrations was added, and incuba- 
1.0 59 2,050 tion was continued at 37? for 6 days. Cells 

were removed by using 0.25 percent trypsin; 
L8A Cl washed three times at 4?C with 0.15M sodium 

None 22 1,950 + chloride buffered with 0.01M sodium phos- 0.1 80 * + +4 phate, pH 7.2 (PBS); stained with rabbit 
1.0 82 15,600 + +-- antiserum against MMTV for 30 minutes; 

NBRL 2999 washed three times with PBS; reacted with 
None 72 * + + fluorescein-conjugated antiserum against rab- 
0.1 94 ++ bit immunoglobulin G (Meloy Labs, Spring- 
1.0 96 * +- + field, Virginia) containing a 1: 30 dilution 

of rhodamine contrast stain in PBS; and ex- 
KA 31 amined with a Zeiss fluorescence microscope. None 4 <10 - At least 500 cells per slide were examined and 

1.0 4 <10 scored for MMTV cell surface reactivity 
10.0 5 <10 - (20). Normal rabbit serum, included as a 
* Not tested. control in each assay, stained less than 0.5 

percent of viable cells. Cells showing uptake of the dye were considered nonviable and were not counted. The identity of this antigen as 
MMTV-associated and the serum specificity have been described (20). The MMTV glycopro- tein gp52(sl) (11) was measured by a radioimmunoassay procedure (6, 21); antigen is expressed as nanograms per milligram of tissue protein. No increase in type C viral antigens was de- 
tected by radioimmunoassay procedures described for murine leukemia virus antigen p30(gs) 
(22). Electron microscopy was performed as described (18) and rated as follows: -, no type B 
particles in at least ten grid squares; +, occassional particle in one to five squares; and - + +, 
at least one type B particle in approximately 80 percent of cells; IF, immunofluorescence reaction. 
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not known whether synthesis of RNA 
precedes the increase in antigen. 

These results suggest that dexameth- 
asone has a significant effect on MMTV 
expression in tissue culture cell lines of 
mammary origin. Viral RNA and anti- 
gens were increased as much as 20-fold 
over basal levels. In addition, a DNA 
polymerase similar to the type B viral 
reverse transcriptase was detected in 
culture fluid supernatants from a per- 
manent cell line. If these particles con- 
tain 60S to 70S MMTV RNA, then a 
practical in vitro source of MMTV for 
imnmunological, biochemical, and bio- 
logical application may be possible. 

Halogenated pyrimidines induce type 
C viruses from a variety of murine cells 
(16), and dexamethasonie was reported 
to stimulate production of the type C 
viruses induced by halogenated pyr- 
imidines (17). Dexamethasone stimul- 
lation of type B particle production 
from the cell lines described here does 
not require treatment of cells with halo- 
genated pyrimidines; these substances 
seem to have little effect with or with- 
out dexamethasone on type B particle 
production in the cell lines thus far ex- 
amined. These results strengthen our 
observations that the expression of type 
B and type C viruses appear to be regu- 
lated independently in murine cells (6). 
Thus, in the type B virus system, with 
the use of a more natural inducer such 
as corticosteroids, it may be possible to 
sttudy the natural mechanisms of cellu- 
lar control of MMTV expression. If 
these controls involve transcriptional reg- 
tulation, then this is an ideal system also 
for studying the mechanism of corti- 
costeroid action by using [pH]DNA 
RNA hybridization to follow hormonal 
effects on RNA transcription from de- 
fined genes. 

WADE P. PARKS 
EDWARD M. SCOL NICK 

Natio;nal Cancer Institute, 
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of the stimulus to cell proliferation (5), 
the difference in the sensitivity to 
aminonucleoside between the growth of 
normal and transformed cells may lie 
in the lack of effect of this antimetab- 
olite on the synthesis of small nonhis- 
tone nuclear proteins in the trans- 
formed cells. 

Aminonucleoside has no direct in- 

hibitory effect on protein synthesis as 
measured by the incorporation of 
[3H]leucine into total cellular proteins 
(3). It inhibits RNA synthesis, princi- 
pally ribosomal RNA synthesis, but 
this effect was evident in both normal 
and neoplastic cells (6). Therefore we 
have now studied the question of 
whether the appearance of messenger 
RNA (mRNA) in the cytoplasm is in- 
hibited by aminonucleoside in normal 
human fibroblasts, but not in SV40- 
transformed fibroblasts. The effect of 

cordycepin (3'-deoxyadenosine), which 
is equally inhibitory to the growth of 

SCIENCE, VOL. 184 

of the stimulus to cell proliferation (5), 
the difference in the sensitivity to 
aminonucleoside between the growth of 
normal and transformed cells may lie 
in the lack of effect of this antimetab- 
olite on the synthesis of small nonhis- 
tone nuclear proteins in the trans- 
formed cells. 

Aminonucleoside has no direct in- 

hibitory effect on protein synthesis as 
measured by the incorporation of 
[3H]leucine into total cellular proteins 
(3). It inhibits RNA synthesis, princi- 
pally ribosomal RNA synthesis, but 
this effect was evident in both normal 
and neoplastic cells (6). Therefore we 
have now studied the question of 
whether the appearance of messenger 
RNA (mRNA) in the cytoplasm is in- 
hibited by aminonucleoside in normal 
human fibroblasts, but not in SV40- 
transformed fibroblasts. The effect of 

cordycepin (3'-deoxyadenosine), which 
is equally inhibitory to the growth of 

SCIENCE, VOL. 184 

Metabolic Differences between Normal and Neoplastic Cells: 

Effects of Aminonucleoside on Cytoplasmic Messenger RNA 

Abstract. Treatment of cultured normal human fibroblasts with an adenosine 

analog (amlinonucleoside of puromycin) rapidly inhibits the appearance of cyto- 
plasmic messenger RNA, identified by its polyadenylate sequence. Similar treat- 

meent of SV40-transforined fibroblasts does not lead to such an inhibition. Cordy- 
cepin, another analog of adenosine, inhibits polyadenylate-containing cytoplasmic 
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