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Antiallergic Drug Cromolyn May Inhibit Histamine Secreti 

Regulating Phosphorylation of a Mast Cell Protein 

Abstract. Cromolyn inhibited histamine release from mast cells that was 
by a classic secretagogue and correspondingly increased incorporation 
active phosphate into a 78,000-dalton protein. These effects on histamine 
and on protein phosphorylation were rapid in onset and both showed tachyl 
Cromolyn may therefore act by altering the phosphorylation of a protein ini 
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the regulation of secretion. 

Mast cells have been increasingly used 
as a model system for analysis of the cel- 
lular mechanisms involved in secretion 
(1) because they secrete by exocytosis, a 
mechanism common to many secretory 
cells (2), and, like most secretory cells, 
seemingly use calcium as a mediator in 
stimulus-secretion coupling (3). In addi- 
tion, secretion by mast cells is of clinical 
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IIB:i;SBKSSBSBBK...S.. = 0 Hepes-buffered Locke's solution (11) with 0.7 
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:--iSli- - t M-S K i: -mmole; New England Nuclear) per milliliter for 
37?C, and were then incubated (0.2 ml per tub( 
any drug or with cromolyn (10 AM) or 48/80 (1 /t 
minute at 37?C as described in (10). The cells i 
dissolved in a solution containing 10 percent ( 
volume) sodium dodecyl sulfate (10), placed in b 

. ter for 2 minutes, and analyzed for radioactive I 
incorporation by electrophoresis on 10 percent polyacrylamide gels and by autorac 
(19). (B) Effect of cromolyn in various concentrations on the incorporation of radioact 
phate into the 78,000-dalton protein band and on histamine secretion from rat perito 
cells. Incorporation of radioactive phosphate (e) was determined by scanning autorat 
of the type shown in (A) with a Canalco G-II microdensitometer. These results were ol 
the absence of 48/80. Similar dose-response curves were obtained in two other experi 
both instances there was increasing phosphorylation of the 78,000-dalton protein band 
same range of cromolyn concentrations. To measure mast cell secretion (o), approxin 
cells per milliliter were incubated simultaneously with 48/80 (1 ,ug/ml) and cromoly 
concentrations indicated) for 5 minutes at 37?C (20), and the histamine released war 
fluorometrically in duplicate portions (21). Results represent mean ? standard erro 
experiments. 
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evident that the action of cromolyn is not 
restricted to antigen-evoked secretion, 
for the drug can also potently inhibit, for 
example, mast cell secretion induced by 
the polyamine 48/80, the classic mast cell 
secretagogue (8). But further clues are 
sparse. Some authors (6) have speculat- 
ed that cromolyn may be a "membrane 
stabilizer" and others (9) have suggested 
that it may block calcium entry. Here we 
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Fig. 2. (A) Autoradiograph showing the effect of cromolyn on incorporation of radioactive phosphate into the 78,000-dalton protein band as a 
function of time of incubation at 37?C; illustration of tachyphylaxis. Mast cells labeled with radioactive phosphate (as in Fig. 1) were incubated 
with cromolyn (10 tM) for 0, 0.25, 0.5, 1, or 15 minutes (lanes 1, 7, 8, 2, and 3, respectively). Some cells were incubated with cromolyn (10 E/M) for 
15 minutes, exposed to a second similar dose of cromolyn, and then examined 1 minute later (lane 4). Controls included cells incubated for 16 
minutes, with cromolyn added at 0 minute (lane 5) or at 15 minutes (lane 6). Measurement of the amount of radioactive phosphate incorporated 
into the 78,000-dalton protein band yielded the following results (in arbitrary units): lane 1, 3.8; lane 2, 6.4; lane 3, 3.2; lane 4, 3.0; lane 5, 2.8; lane 
6, 6.0; lane 7, 7.8; and lane 8, 9.0. (B) Comparison of the effect of cromolyn on incorporation of radioactive phosphate into the 78,000-dalton 
protein band and on histamine secretion from rat peritoneal mast cells, as a function of incubation time. To measure incorporation of radioactive 
phosphate (*), the reaction-stopping solution was added to samples that had been incubated with cromolyn (10 ,M) for the indicated times, and 
protein phosphorylation was analyzed as described in the legend to Fig. 1. A similar time course was obtained in two other experiments. To 
measure histamine release (o), mast cells were incubated with cromolyn for the indicated times before terminating the reaction. Histamine release 
was induced in all tubes by adding 48/80 (1 gg/ml) 30 seconds before stopping the reaction. A similar time course was obtained in a second 
experiment. 

course of the response to the secre- 
tagogue 48/80 (Fig. IA). It is also evident 
in Fig. IA that 48/80 led to increased in- 
corporation of radioactive phosphate in- 
to three additional protein bands (68,000, 
59,000, and 42,000 daltons). We believe 
that these protein bands, which are phos- 
phorylated early in the response to 48/80, 
may be related to activation of the exo- 
cytotic secretory response (10). The con- 
centration range over which cromolyn 
caused incorporation of radioactive 
phosphate into the 78,000-dalton protein 
band corresponded with that which in- 
hibited histamine secretion induced by 
48/80 (Fig. IB); moreover, this concen- 
tration range is similar to the range over 
which cromolyn has been found to inhib- 
it antigen-induced histamine release 
from sensitized rat mast cells (15). In ex- 
periments in which 48/80 was given at 
the same time as cromolyn, the phospho- 
rylation of the 78,000-dalton protein 
seemed no less prominent (16). 

Further evidence of correspondence 
between histamine release and protein 
phosphorylation was obtained from ex- 
periments in which we studied tachyphy- 
laxis, a characteristic feature of the in- 
hibitory effect of cromolyn on histamine 
secretion in mast cells (7, 8). This inhib- 
itory effect, although pronounced when 
the secretagogue is given at the same 
time as cromolyn, fades rapidly so that 
little or no inhibition is evident when the 
4 JANUARY 1980 

secretagogue is given only a few minutes 
after cromolyn (7, 8) (Fig. 2B). Our ex- 
periments showed a parallel behavior 
with respect to phosphorylation. Thus 
the radioactive phosphate incorporated 
into the 78,000-dalton protein band and 
the inhibitory effect on histamine release 
disappeared at a similar rate (Fig. 2). 
Moreover, a second exposure to cromo- 
lyn after the effect of a first exposure had 
waned failed to induce incorporation of 
radioactive phosphate into the 78,000- 
dalton protein band (Fig. 2A, lane 4), just 
as it fails to inhibit histamine secretion 
(7, 8). This failure of cromolyn, on a sec- 
ond testing, could not be accounted for 
by the longer incubation of 15 minutes; 
when cromolyn was added for the first 
time after a 15-minute incubation, cells 
incorporated an increased amount of ra- 
dioactive phosphate into this protein 
(Fig. 2A, lane 6). 

These observations suggest that a pro- 
tein with a molecular weight of about 
78,000 may be involved in the mecha- 
nism that turns off or inhibits histamine 
secretion in mast cells. Since calcium in- 
flux or mobilization has been proposed 
as the factor that mediates the secretory 
response, it could be that the phosphory- 
lation we observed is involved in the 
down regulation of calcium. It has been 
suggested (9) that cromolyn may facili- 
tate closure of calcium gates in the mast 
cell membrane. From this point of view, 

phosphorylation of a 78,000-dalton pro- 
tein might be a component of the mecha- 
nism of gate closure. Alternatively, 
phosphorylation of this protein might be 
involved in lowering intracellular free- 
calcium concentrations by promoting 
calcium sequestration; protein phospho- 
rylation does seem to be involved in the 
sequestration of cytosolic free calcium in 
cardiac muscle (17) and in platelets (18). 

The present results may not only offer 
a clue to the mode of action of a remark- 
able antiallergic drug, but may also pro- 
vide some insight into the more general 
problem of the molecular events that ter- 
minate secretory responses. 

THEOHARIS C. THEOHARIDES* 
WERNER SIEGHARTt 

PAUL GREENGARD 
WILLIAM W. DOUGLAS 

Department of Pharmacology, 
Yale University School of Medicine, 
New Haven, Connecticut 06510 
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Normal human diploid fibroblasts 
have a limited life-span in vitro (that is, a 
finite proliferative potential in culture) 
(1). This potential has been shown to be 
inversely proportional to the age of the 
tissue donor (2) and has been widely 
studied as a model for cellular aging. Nu- 
merous biochemical and morphological 
changes occur as these cells reach the 
end of their proliferative potential (1). A 
number of hypotheses have been pro- 
posed to explain this phenomenon; how- 
ever, direct biochemical analysis of cul- 
tures has not yet identified the mecha- 
nisms responsible for limiting the 
proliferative potential of normal human 
cells. 

Many investigators (3-6) have report- 
ed heterogeneity in morphology, inter- 
division time, and ability for clonal 
growth among the individual cells of 
mass cultures of human diploid fibro- 
blasts. At all stages in the life-span in vi- 
tro of human diploid fibroblast cultures 
(WI-38 cells), wide variation in the pro- 
liferative potential of isolated clones was 
observed (7). From these experiments, it 
was not possible to determine whether 
variability continues to develop during 
repeated doubling of the culture in vitro 
or whether the variation is due to hetero- 
geneity among the individual cells in the 
tissue of origin. Alternatively, the varia- 
tion might develop during the process of 
initiating the cells in culture. A more de- 
tailed investigation of this variation 
would provide some insight into the 
mechanisms determining proliferative 
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potential. In addition, this information 
would provide a powerful data base 
against which to test hypotheses. In the 
experiments reported here, we found 
that heterogeneity in proliferative poten- 
tial appears rapidly within a single clone 
of human diploid fibroblasts. We also 
found that the proliferative potentials of 
the two cells from a single mitotic event 
can differ by as many as eight population 
doublings (PD's). 

To determine the intraclonal variation 
in proliferative potential, the distribu- 
tions of doubling potentials were deter- 
mined for three sets of subclones isolat- 
ed from a single clone that was initiated 
from a culture of human embryonic lung 
cells (Flow 2000) (8) in vitro at PD 23. 
Two hundred cells were isolated at ran- 
dom from the parent clone at 16, 26, and 
36 PD's after its initiation as a single cell 
(see legend to Fig. 1). Each subclone was 
observed until the limit of its replicative 
ability was reached, and frequency dis- 
tributions of proliferative potential (the 
number of PD's achieved after isolation) 
were constructed for each set of sub- 
clones (Fig. 1). Cultures were considered 
to be at the end of their proliferative po- 
tential when they failed to double in cell 
number for 2 weeks. At PD 16, one of the 
subclones was used to initiate a second 
set of subclones, and the frequency dis- 
tribution of their proliferative potential 
was determined (Fig. 1, inset). 

Several characteristics of the distribu- 
tions are noteworthy: (i) the parent clone 
was more homogeneous with respect to 
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Intraclonal Variation in Proliferative Potential of Human 

Diploid Fibroblasts: Stochastic Mechanism for Cellular Aging 

Abstract. At several points during the growth of a clone of human embryonic lung 
fibroblasts in vitro, 100 to 200 cells were removed at random and the proliferative 
potential of each cell was determined. At each sample point, a wide variation in 
remaining population doubling ability was observed among the individual cells 
and the distributions of doubling potentials were distinctly bimodal. Further- 
more, the two cells arising from a single mitosis differed in their ability to proliferate 
by as many as eight population doublings (256-fold in the number of cells produced). 
The results suggest that a stochastic process is responsible for determining the limit- 
ed proliferative potential of human embryonic lung fibroblasts. 
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