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ABSTRACT

We have found that reversible differentiation into the myoepithelial
cells of a human salivary gland adenocarcinoma cell line (HSG) occurs
in growth medium containing dibutyryl cAMP (dB-cAMP). In the current
study, the relationship between intracellular cAMP levels and anchorage-
dependent and -independent growth or ras oncogene of p21 levels was
analyzed in the differentiation process toward myoepithelial cells of HSG
cells cultured in the presence of dB-cAMP. Correlation between the
concentrations of dB-cAMP and intracellular cAMP in the HSG cells
was statistically significant. There was a significant inverse correlation
between the concentrations of dB-cAMP and colony-forming ability of
the cells in semisolid agar or on a plastic surface. We have found the
expression of rus p21 protein in HSG cells. When HSG cells were
cultured in the presence of dB-cAMP and were committed to differentiate
into myoepithelial cells, it was shown by double-antibody labeling tech
nique and/or immunoblotting that the committed cells expressed myosin
with a concomitant decrease of ras p21 protein. Moreover, intracellular
cAMP levels were found to be inversely associated with rax p2l content
of the cells. These findings indicate that the intracellular cAMP levels
regulate significantly cell proliferation and ras p21 expression in HSG
cells.

INTRODUCTION

A human salivary gland adenocarcinoma cell line, HSG3

which has ultrastructural and biological markers specific to
intercalated duct cells of the salivary glands, is used in our
laboratories as a model for studying mechanisms regulating
cytodifferentiation in salivary glands (1-8). In a previous com
munication we presented experimental evidence that reversible
differentiation into the myoepithelial cells of HSG cells occurs
in growth medium containing dB-cAMP; cells with a phenotype
similar to myoepithelial cells, such as the presence of long
cytoplasmic processes and expression of myofilaments and
oxytocin receptor in addition to myosin and S 100 protein,
appeared in the HSG cells cultured in the presence of dB-
cAMP; in addition, both the anchorage-independent and
-dependent growths were markedly suppressed in the presence
of dB-cAMP (7). It can be considered that cAMP plays a major
role in this differentiation phenomenon, because cAMP has
now been shown to be involved in cell growth and differentiation
(9).

Cellular genes with potential oncogenic activity, named as
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oncogenes, is believed to contribute to neoplastic transforma
tion through some genetic mechanisms, such as point muta
tions, deletions, translocations, or gene amplification. The most
frequently detected oncogenes found in human solid tumors
belong to the ras gene family (Ha-, Ki-, and N-ros), which is
closely related structurally and encode a protein generically
designated p21 (10, 11). In addition, accumulated evidence
indicates that ras p21 proteins are essentially involved in cell
division and differentiation of normal cells (12-14).

Recently, preliminary studies in our laboratories indicated
that HSG cells express ras oncogene p21 at a high level,
although it remains to be proven whether ras expression is
responsible in any way for the transformed character of the
HSG cells. Thus, we have taken much interest in whether
cellular proliferation and ras p21 expression are related with
the intracellular cAMP level in the differentiation process to
ward myoepithelial cells of HSG cells cultured in the presence
of dB-cAMP. We report here that there is a significant corre
lation between the concentrations of dB-cAMP added into the
culture and the intracellular cAMP levels or a significant inverse
correlation between concentrations of dB-cAMP and anchor
age-independent or -dependent growth in the committed cells.
In addition, we describe a concomitant decrease of p21 protein
from the HSG cells committed to differentiate into myoepithe
lial cells by treatment with dB-cAMP.

MATERIALS AND METHODS

Cells and Media. The human salivary gland adenocarcinoma cell line
HSG was grown in Eagle's minimal essential medium supplemented
with 10% newborn calf serum and 2 M L-glutamine in the presence of
5% CO2 in an incubator at 37Â°C.Isolation and characterization of HSG

cells have been described previously (1,8). The HSG cells were cloned
a second time using the colony-forming technique in semisolid agar
medium, as described previously (1, 2). Of 10 clonal cell lines isolated,
the one clone which showed the most stable growth was used for the
current study. This HSG clone had an ultrastructure specific to the
intercalated duct cells of the human salivary gland, expressed the
biological markers such as carcinoembryonic antigen, secretory com
ponent, and lactoferrin, and formed an adenocarcinoma upon trans
plantation of the cells into nude mice, as previously described in the
parental HSG cells (1,2).

A nonproducer clone of rat NRK cells transformed by Harvey murine
sarcoma virus, Ha-NRK (15), were cultured in Dulbecco's modified
Eagle's medium containing 10% fetal calf serum in a 5% CO.. incubator
at 37Â°C.The Ha-NRK cells were kindly provided by Dr. A. Hagura,

Research Institute for Microbial Diseases, Osaka University.
Treatment of HSG Clone with Dibutyryl Cyclic AMP. The monolayer

cultured cells of HSG clone were dissociated by treatment with 0.08%
(w/v) trypsin and 1.4% (w/v) EDTA in calcium- and magnesium-free
PBS, and then 10'' cells/dish were seeded in 60-mm plastic Petri dishes

(Falcon Labware, Oxnard, CA) in growth medium. After 24 h of
incubation, dB-cAMP (Sigma Chemical Co., Saint Louis, MO) was
added at various concentrations (0.1, 0.3, 0.5, or 1 mM), and the cells
were cultured in the presence of each concentration of dB-cAMP at
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Fig. 1. Intracellular cAMP levels in the HSG cells cultured for 4 days at 37"C
in the presence of various concentrations of dB-cAMP. *, concentrations of dB
cAMP (mm) added to the culture, m, a, intracellular cAMP levels (pmol per 10*
cells) [mean (m) Â±SD (a) (bars); n = 3]. Correlation between the intracellular
cAMP levels and concentrations of dB-cAMP is statistically significant (r =
0.984, P < 0.001; Spearman's rank correlation coefficient).

37"C. The growth medium containing each concentration of dB-cAMP

at the initial treatment was changed daily.
Indirect Immunofluorescence Technique. The expression of rax on

cogene p21 or myosin in the cells was essentially investigated by the
double-antibody labeling technique. Cells grown in glass coverslides
were fixed in acetone at 4Â°Cfor 10 min and then subjected to indirect

immunofluorescence microscopy. The fixed cells were incubated with
the first antibodies, with a subsequent washing step between the incu
bations. The first antibodies used in this double label experiment were
rat monoclonal antibody (Y13-238 or Y13-259) raised against the p21
encoded by the V-ra.vgene of Harvey murine sarcoma virus (16) (diluted
1:5 each) (Oncogene Science, Inc., MineÃ³la, NY) or rabbit ani Â¡serum
to chicken myosin (diluted 1:20) (Transformation Research Inc., Fram-
ingham, MA).

After an incubation step of 30 min with rabbit antiserum to chicken
myosin and Y13-238 or Y13-259 in a humidified box at room temper
ature, the samples were washed with PBS containing 0.25% Triton X-
100 in 2 subsequent steps of 10 min each and thereafter were washed
with the PBS alone. These preparations were then incubated for another
30 min with the second antibodies, again with a subsequent washing
step between the incubations. The labeled second antibodies were
fluorescein-conjugated rabbit anti-rat IgG (diluted 1:100) (E. Y. Labo
ratories, Inc., San Mateo, CA) and rhodamine-conjugated goat anti-
rabbit IgG (diluted 1:20) (Cappel Laboratories, Cochranville, PA). After
a second series of washes, the samples were mounted with 50% glycerol
in PBS. Cells were examined under a Nikon microscope equipped with
epifluorescent illumination (HBO 100-W bulb), by using the appropri
ate filter systems for fluorescein and rhodamine fluorescence. Overlap
between the 2 channels was checked by using cells labeled with a single
antibody. Tri X films from Kodak were used for photographs.

To test the specificities of antibodies used for detection of myosin
and rax oncogene p21, specific antibodies were replaced by either PBS,
normal rabbit serum, or unrelated rat monoclonal antibody against

m=0.39 UPO. 23 m=l.l
0=0.02 0=0-01 0=0.0

m=0.21 m=0.99 m=0.22 m=0.96 m=0.22
0=0.01 0=0.02 o=0.01 o=0.04 o-O.Ol

Fig. 2. Intracellular cAMP levels assayed daily for 4 days for the HSG cells
in the presence or absence of 0.5 mM dB-cAMP. *, days, m, a, intracellular cAMP
levels (pmol per 10* cells) [mean (m) Â±SD (a) (bars); n = 3]. O, cAMP levels in
the presence of 0.5 mM dB-cAMP; Ã‰,cAMP levels in the absence of dB-cAMP.
The difference between the presence and absence of dB-cAMP with regard to the
intracellular cAM P levels on Days 1, 2, 3, and 4 is statistically significant at P <
0.05 each (Mann-Whitney U test).

polyoma virus (Oncogene Science, Inc.), or specific antibody samples
absorbed with each corresponding antigen. Antibody solution diluted
S-fold in PBS (1 ml) was mixed with 200 ng of specific antigen and
incubated at room temperature for 2 h. Thereafter, they were centri-
fuged at 500 x g for 15 min at 4Â°Cand then filtered through a Millipore

HA type membrane to remove microaggregates. The supernatant was
used as an absorbed antiserum for the current study. These antibody
samples gave negative results. The myosin from chicken muscle was
purchased from Sigma. The ras oncogene p21 from the Ha-NRK cells
was prepared according to the method of Clark et al. (17) as described
below.

Immunoblotting. The crude preparation of p21 protein from freshly
harvested cells was performed according to the method of Clark et al.
(17). Briefly, the cell pellets were suspended in 50 mM glucose-25 mM
Tris-HCl, pH 8.0-10 mM EDTA-lysozyme (2 mg/ml)-0.01% (w/v)
aprotinin and incubated for 30 min at 4'C. Triton X-100 was added to

1% (w/v) and incubation was continued for 5 additional min. After
centrifugation for 10 min at 15,000 x g, the supernatant was spun for
2 h at 150,000 x g to prepare the cleared lysate, which was applied
immediately to the sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis.

The procedure for sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis used in the present study essentially followed the method
of Laemmli (18). The slab gels measured 8.0 x 12.0 x 0.2 cm. The
stacking gel contained 5% acrylamide (Wako Pure Chemical Co.,
Osaka, Japan) and 0.13% yV.W-methylene-bisacrylamide (Wako). The
separation gel contained 12.5% acrylamide and 0.1% Af.jV'-methylene-

bisacrylamide. The electrophoresis was performed at room temperature
for 4 h at 4 mA/cm of gel in width. The migration front was followed
by adding 0.002% bromophenol blue to the electrode buffer. The gel
was stained for 12 h using 0.25% Coomassie brilliant blue in 35%
ethanol:10% acetic acid in water, and destained in the same solution
minus the stain. Proteins from the gels were transferred to nitrocellulose
paper (pore size, 0.2 urn) as reported by Towbin et al. (19). Detection
of p21 protein on strips was performed by the ABC method as described
by Hsu et al. (20). A commercially available VECTASTAIN ABC kit
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Table 1 Growth ofHSG cells cultured in the presence of various concentrations ofdB-cAMP
An inverse correlation between the concentrations of dB-cAMP and numbers of the cells is statistically significant (r = -0.95, P < 0.001 on Day 1; r = -0.75, P

< 0.01 on Day 2; r = -0.92, P < 0.001 on Day 3; r = -0.98, P < 0.001 on day 4; Spearman's rank correlation coefficient). HSG cells were plated onto 60-mm plastic
Petri dishes at a density of 2 x I0'/dish at 37'C in a 5% CO2 incubator. After a 1-day incubation, cell monolayers were cultured in the presence of various
concentrations of dB-cAMP (0.1, 0.3, 0.5, or 1.0 HIM)and the numbers of cells were counted daily.

Concentrations of dB-cAMP (mw)

Day 1
Day 2
Day3Day

4020.5,

25Â°(22.8)*

30,32(31.0)
44.5 40.3 (42.4)
70, 67.5 (68.8)0.119,20(19.5)20,

25.5 (22.8)
32, 39.5 (35.8)
59, 50.4 (54.7)0.318.5,20(19.3)

20, 22 (21)
30,32(31)
35, 44 (39.5)0.514,

14.5(14.3)
15,22.5(18.8)
22, 30 (26)
32, 28 (30)1.011,

13(12)
20, 16(18)
23, 25 (24)
28, 24 (26)

"Numbers of cells x 10".
'' Numbers in parentheses, average of the numbers of cells in 2 different plates.

Table 2 Colony-farming ability of HSG cells in the presence of various
concentrations ofdB-cAMP

An inverse correlation between the concentrations of dB-cAMP and the
numbers of colonies in semisolid agar or on a plastic surface is statistically
significant (r = -0.95, P < 0.001 in 1 x IO2cells in semisolid agar; r = -0.97, P
< 0.001 in 1 x 10J cells in semisolid agar; r = -0.95, P < 0.001 in 1 x IO2cells
on a plastic surface; r = -0.98, P < 0.001 in 1 x IO3cells on a plastic surface;
Spearman's rank correlation coefficient).

Concentration of
dB-cAMP(mM)0

0.1

0.3

0.51.0No.

of
cellsx

IO2
x 10J
x IO2
x IO3
x IO2
x 10s
x IO2
x IO3
x IO2
x IO3No.

of colonies
in semisolid
agar" (n =5)29.6

Â±7.1'

271 Â±7.6
26.2 Â±2.2

255.2 Â±12.5
17.4 Â±1.5

171.2 Â±15.5
7.8 Â±1.3

57.8 Â±10.3
1.6 Â±0.9

12.4 Â±1.5No.

of colonies
on plastic sur
face* (n =5)95

3.1
975.8 9.0

91.6 6.6
918.2 25.5

72.4 2.8
791 20.1
29.8 Â±1.9
253 Â±22.9
6.4 Â±1.3

60.8 Â±7.7
" Cells were mixed with 1 ml of 0.3% agar medium containing various concen

trations of dB-cAMP and then overlaid onto a basal layer which had been made
by pouring 2 ml of 0.6% agar medium into a 35-mm plastic Petri dish. After 20
days of incubation at 37'C, the colonies formed were counted. During this period,
0.3 ml agar medium containing each concentration of dB-cAMP at the initial
treatment was added to the culture every 3 days.

*The singly dispersed cells (IO2 or IO3) were plated in a 60-mm plastic Petri
dish and then cultured in the presence of various concentrations of dB-cAMP for
10 days at 37*C in a 5% CO.. incubator. After staining with Giemsa solution,

visible colonies formed were counted. During this period, the growth medium
containing each concentration of dB-cAMP at the initial treatment was changed
daily.

' Mean Â±SD.

(VECTOR Laboratories, Inc., Burlingame, CA) was used for this study
according to the procedures indicated by the manufacturer. Briefly, the
nitrocellulose sheets were immersed in 3% bovine serum albumin and
then were incubated with a 100-fold dilution of rat monoclonal antibody
(Y13-238 or Y13-259), followed by reaction with biotin-labeled anti-
rat IgG goat serum and ABC. The peroxidase was localized by treatment
of the sheets with the fresh mixture of 0.05% 3,3'-diaminobenzidine

and 0.01 % H2O2 in 10 mM Tris-HCl buffer (pH 7.6). The immunoblots
were photographed with Polaroid 665 positive-negative film. The neg
atives were scanned with a Joyce-Loebel densitometer. Two monoclonal
antibodies Y13-238 and Y13-259, which were used for the present
study, are characterized as follows (16, 21-23): Y13-238 reacts by
immunoprecipitation with human Ha- and Ki rav p21 in human cells;
Y13-259 is broadly reactive with both phosphorylated and nonphos-
phorylated forms of the V ll;i ras and V-Ki-ros p21s and reacts with
the p21 translational products of the Ha-, Ki-, and N'-ra.v human

oncogenes.
Assay for i AMI'. Intracellular cAMP level was measured by the use

of '"I-RIA method as described by Gilman and Murad (24). A com
mercially available ('"IjcAMP assay system (Amersham International

pic, Amersham, United Kingdom) was used for this study according to
the procedures indicated by the manufacturer.

The cell preparation for cAMP assay was performed according to
the following procedures. Briefly, the cells were harvested by rubber
policeman and washed once with PBS. They were resuspended in PBS
and ice-cold ethanol was added to give a final suspension volume of

65% ethanol and then were allowed to settle. The supernatants and the
washings of the remaining precipitate with ice-cold 65% ethanol were
collected. The combined extracts were centrifuged at 2000 x g for 15
min at 4Â°Cand then were evaporated in a vacuum oven. Thereafter,

the dried extracts were dissolved in a suitable volume of recommended
assay buffer prior to analysis. The detection limit of this RIA method
was 13.5 fmol for nonacetylation assays used in the present study.

Statistical Analysis. The data were evaluated by using the Mann-
Whitney U test or Spearman's rank correlation coefficient. Values of

probability indicate the significance levels within which each treatment
differs from the relevant control.

RESULTS AND DISCUSSION

The intracellular cAMP levels in the HSG cells cultured Â¡n
the presence of various concentrations of dB-cAMP were ex
amined by RIA method. When HSG cells were cultured for 4
days in growth medium supplemented with dB-cAMP at the
concentrations ranging from 0.1 to 1.0 HIM,the cAMP content
of the HSG cells was sequentially increased according to the
increasing concentrations of dB-cAMP added to the culture
medium; e.g., the cAMP content of the HSG cells cultured in
the presence of 0.5 mM dB-cAMP was 1.03 Â±0.03 (SD) pmol/
106cells and increased 4.67-fold as compared with the untreated
HSG cells (0.22 Â±0.01 pmol/106 cells) (Fig. 1). Moreover,
correlation between the concentrations of dB-cAMP and intra
cellular cAMP levels was statistically significant (r = 0.984, P
< 0.001, Spearman's rank correlation coefficient). When HSG

cells were cultured in growth medium containing 0.5 mM dB
cAMP and the intracellular cAMP levels were assayed daily for
4 days, the HSG cells cultured for 2 days showed the peak level
of cAMP of 1.11 Â±0.08 pmol/106 cells and then intracellular

cAMP level maintained a plateau level until day 4 (Fig. 2). The
difference between the presence and absence of 0.5 mM dB-
cAMP with regard to the intracellular cAMP levels of the
cultured HSG cells was statistically significant (P < 0.05 each
on Days 1, 2, 3, and 4, Mann-Whitney t/test).

The growth profile of HSG cells in the presence of various
concentrations of dB-cAMP was investigated. As shown in
Table 1, the dB-cAMP (0.5 or 1 HIM)caused a marked reduction
in the growth rate of HSG cells in a similar fashion as described
previously (7). It was found that there is a significant inverse
correlation between the numbers of cells and the concentrations
of dB-cAMP on each day (r = -0.95, P < 0.001 on Day 1; r =
-0.75, P< 0.01 on Day 2;r=-0.92, P < 0.001 on Day 3; r =
-0.98, P < 0.001 on Day 4; Spearman's rank correlation

coefficient). In addition, the numbers of cells cultured in the
presence of various concentrations of dB-cAMP for 4 days were
inversely correlated with the intracellular cAMP levels [r =
-1.0, P < 0.05, Spearman's rank correlation coefficient; cAMP
levels (pmol per IO6 cells): 0.22 Â±0.001 in 0 HIM dB-cAMP;
0.39 Â±0.01 in 0.1 HIMdB-cAMP; 0.71 Â±0.01 in 0.3 HIMdB-
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GROWTH, ras p21 AND cAMP IN SALIVARY ADENOCARCINOMA CELLS

Fig. 3. Morphological findings and indi
rect immunofluorescence microscopy of the
HSG cells cultured in the presence of various
concentrations of dB-cAMP. HSG cells were
cultured in the presence of dB-cAMP (0.1,0.3,
0.5, or 1.0 mw) for 4 days at 37'C. a to e,
Giemsa stain, x 320;/to o, double label im-
munofluorographs showing the decrease oÃros
oncogene p21 protein (/toy) and concomitant
new expression of myosin (A to o) according
to the increasing concentrations of dB-cAMP.
/to o, x 640.

cAMP; 1.03 Â±0.03 in 0.5 HIMdB-cAMP; 1.37 Â±0.05 in 1.0
HIMdB-cAMP)]. When the relationship between the concentra
tions of dB-cAMP in the agar medium and the colony-forming
growth of HSG cells in semisolid agar or on a plastic surface
was analyzed statistically, it was found that the numbers of
colonies formed in semisolid agar or on a plastic surface are
inversely correlated together with the concentrations of dB-
cAMP (Table 2) (r = -0.95, P < 0.001 in 1 x IO2 cells in
semisolid agar; r = -0.97, P< 0.001 in 1 x 10'cells in semisolid
agar; r = -0.95, P < 0.001 in 1 x IO2cells on a plastic surface;
r = -0.98, P < 0.001 in 1 x IO3 cells on a plastic surface;
Spearman's rank correlation coefficient).

When cultured in the growth medium with dB-cAMP, HSG
cells showed major morphological alterations as described pre
viously (7); cells which were spindle or stellate in shape began
to appear in the HSG cells at 24 h after treatment with dB-
cAMP (0.5 or l IHM),whereas the untreated cells were polyg
onal in shape and grew in the tendency of the formation of cell
clusters; at day 4, almost 100% of the cells cultured in the
growth medium containing dB-cAMP (0.3, 0.5, or 1 mivj)
formed markedly long cytoplasmic processes and grew in a

netlike arrangement, although the morphological alterations in
the HSG cells cultured in the presence of 0.1 mivi dB-cAMP
was hardly observed (Fig. 3, a to e).

Moreover, we investigated by double immunofluorescence
labeling the expression of ras oncogene p21 protein and myosin
in HSG cells that are in the process of induction to a myoepi-
thelial phenotype by treatment with dB-cAMP (0.1,0.3,0.5, or
1.0 niM). Recently, we have found that almost all the untreated
HSG cells express ras oncogene p21 at a high level, although
the presence of myosin in the HSG cells cannot be detected, as
described previously (2). When HSG cells are cultured in the
presence of dB-cAMP and are committed to differentiate into
myoepithelial cells, the committed cells express myosin with a
concomitant disappearance of ras p21 protein. Fig. 3,/to o,
shows a representative sample of the immunofluorescent ap
pearance of HSG cells cultured for 4 days in the presence of
various concentrations of dB-cAMP. In addition, the disap
pearance of ras p21 protein from the HSG cells cultured in the
presence of dB-cAMP was found by the immunoblotting of p21

protein extract of the cells (Fig. 4). Moreover, it can be consid
ered that an inverse correlation between intracellular cAMP
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Fig. 4. Immunoblotting of nu oncogene p21 preparation from the HSG cells

cultured in the presence of dB-cAMP using rat monoclonal antibody (Y13-238
or Y13-259) raised against the Ha-ros p21. The p21 preparation was made from
the HSG cells cultured in the presence of various concentrations of dB-cAMP
according to the method of Clark i-t al. (17) and was run on a slab gel. After the
protein was transferred to nitrocellulose, the blot was cut into strips and incubated
with Y13-238 or Y13-259. A, HSG cells that were cultured for 4 days at 37'C in
the presence of dB-cAMP [0 DIM(lanes a and/); 0.1 HIM(lanes b and g); 0.3 imi
(lanes c and A); 0.5 HIM(lanes d and 0; 1.0 m\i (lanes e and/)) were examined
for the expression of ras oncogene p21 protein. Ordinate, molecular weight
markers x IO1:bovine serum albumin, M, 67,000; ovalbumin, A/, 43,000; carbonic

anhydrase, M, 30,000; soybean trypsin inhibitor, M, 20,000. B, HSG cells that
were cultured in the presence of 0.5 mM dB-cAMP at 37'C for 0 (lanes a and/),

1 (lanes b and g), 1 (lanes c and h). 3 (lanes d and /). or 4 (lanes e and ; I days
were examined for the expression of ras oncogene p21 protein. In this case, the
data of the immunoblotting shown at Day 0 are derived from the ras oncogene
p21 protein present in the HSG cells harvested at 24 h of incubation in the
absence of dB-cAMP after plating. Molecular weight markers are the same as in
I. k, thousands.

Table 3 Relationship between intracellular cAMP level and ras oncogene p21
content in the HSG cells cultured for 4 days al 37'C in the presence of various

concentrations ofdB-cAMP

Correlation test symbol and values of probability in the correlation between
intracellular cAMP level (mean Â±SD) and ra\ p21 levels each in the HSG cells
cultured in the presence of 0.5 mw dB-cAMP were r = -0.89, P > 0.1 in Y13-
238 and r = -0.89, P > 0.1 in Y13-259, respectively (Spearman's rank correlation

coefficient).

Concentrations of
dB-cAMP(mM)0

0.1
0.3
0.5
1.0Intracellular

cAMP
level (pmol/ 10*cells)

(n =3)0.22

Â±0.01
0.39 Â±0.01
0.71 Â±0.01
1.03 Â±0.03
1.37 Â±0.05rosp21

level' (n =3)Y

13-2381

Â±0
0.76 Â±0.04

0Â±0
0Â±0
0Â±0Y

13-2591

Â±0
0.85 Â±0.02

0Â±0
0Â±0
0Â±0

* The ros p21 preparation from freshly harvested cells ( 10') was subjected to
immunoblotting using rat monoclonal antibody (Y 13-238 or Y13-259) raised
against the Ha-ros p21 protein. Thereafter, the immunoblots were photographed
with Polaroid 665 positive-negative film. The negatives were scanned with a
Joyce-Loebel densitometer. Values are relative ratios oÃrosp21 levels in the HSG
cells cultured in the presence of various concentrations of dB-cAMP versus ras
p2l levels in the HSG cells cultured in the absence of dB-cAMP.

level and ras p21 content in the HSG cells cultured for 4 days
in the presence of various concentrations of dB-cAMP ap
proaches statistical significance (Table 3) (r = -0.89, P > 0.1
in Y13-238; r = -0.89, P > 0.1 in Y13-259; Spearman's rank

correlation coefficient). The blots of ras p21 from the untreated

HSG cells showed a doublet with both Y13-238 and Y13-259.
This suggests that HSG cells contain the product of more than
one number of the family of cellular ras protooncogenes. Since
the immunoblotting and immunofluorescence assays are not
the most sensitive methods for detecting low levels of the
protein, it may be possible that even after dB-cAMP treatment
there is residual ras p21 expressed by the cells, at levels below
the detection threshold of these techniques.

It has been shown that cAMP functions as a regulatory factor
on the growth of cells proliferating in vitro; e.g., an increase in
the intracellular cAMP level causes a slowing or cessation of
the growth of some cells (25-30). In addition, it has been
reported that transformed cells have a lower cAMP content
than un transformed cells (31, 32). In the current study, which
examines the effect of intracellular cAMP on the proliferation
and ras p21 expression of cultured HSG cells, dB-cAMP was
applied because it is more resistant to cAMP phosphodiesterase
than pure cAMP and so enters the cells more easily and
produces a sharp increase in intracellular cAMP level (33, 34).
Consequently, treatment of HSG cells with dB-cAMP resulted
in sharp elevation of the intracellular cAMP level and marked
suppression of cell growth, as reported in some tissue culture
systems (26-30, 32), although the mechanism of growth inhi
bition in the current in vitro system remains to be proven.
Although incubation of the cells with dB-cAMP will release
some butyrate as a result of deacetylation, we have already
shown that cultivation of HSG cells in the presence of sodium
butyrate at concentrations ranging from 0.5 to 5 mM did not
cause a morphological change in the cells (2).

It has been demonstrated that murine erythroleukemia cells
(35) and human (36) or murine (37, 38) neuroblastoma cells
can be induced to differentiate in response to cAMP. In addi
tion, an elevation of cyclic AMP in murine neuroblastoma cells
has been reported to cause loss of tumorigenicity (39). More
over, it has recently been shown that cAMP suppresses expres
sion of the cellular Ha-ras gene of mammary carcinoma in vivo
(40) or of the viral Ha-rÂ«.vgene linked to the mouse mammary
tumor virus promoter in NIH 3T3 cells (41). Thus, it has been
postulated that cAMP may be an intracellular suppressor acting
at a regulatory locus of both cellular and viral ras genes (41).
While our data suggest association of the intracellular cAMP
of HSG cells with the cellular differentiation or expression of
ras oncogene p21, further studies are required to determine in
what manner the intracellular cAMP level regulates both cel
lular proliferation and differentiation.
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