
This paper demonstrated that isoproterenol and the-
ophylline inhibited antigen-induced histamine release
Vom human basophils, ~1oreover,the two drugs were
synergistic in their inhibition. We suggested that the
effect was due to increased levels oi cyclic AMP in
the basophils. [The SC/n indicates that this paper has
been cited in over 473 publications.1
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My interest in immunology began in medical
school under the tutelage of David Talmadge After
my internship I took a PhD with Abraham Osler, fo-
cusing on immediate hypersensitivity. It soon be-
came apparent that the most interesting and impor-
tant problem was the mechanism by which antigen
interaction with basophil or mast cell immunoglob-
ulin E (IgE) antibody is transduced, so that the cell
responds with the release of histamine and the other
mediators that cause allergic inflammation. The
problem seemed straightforward in the 1960s but
has turned out to be far more complex than antici-
pated; the same questions remain the center of my
continuing research activity.

S. Margolis suggested the idea for the experiments
outlined in the current Citation Classic during a
“waiting for the elevator” conversation. He intro-
duced me to the work of Earl W. Sutherland and col-
leagues,

1
who were then establishing the role of cy-

clic AMP as a key “second messenger” in the signal
transduction of a variety of cells; an increase in the
level of this nucleotide accompanied cell activation.
We therefore decided to study the effects on baso-
phils of drugs which, in other cell types, caused an
increase in cyclic AMP, fully expecting that this
would facilitate the secretion of histamine. As has
usually happened in my research, our expectation
was dead wrong. In fact theophylline and isoproter-
enol were effective inhibitors of histamine release.
In retrospect this is not surprising since these drugs
were and continue to be the mainstays of the treat-
ment of allergic disorders.

This experimentation led to a cross-country col-
laboration with Henry R. Bourne, who was able to
measure changes in intracellular cyclic AMP levels,
a technique that was not yet available in my labora-
tory. Westudied a variety of inflammatory cell types
and several years later wrote areview in Science that
also became a Citation Classic.

2
We promulgated

the general theory that increased levels of cyclic
AMP in inflammatory cells downregulated their func-
tion, in contrast to the findings in other cell types.
Perhaps this work and the review were so extensive-
ly cited because they extended elegant basic bio-
chemical observations to the field of inflammation.
A modulatory role for cyclic AMP in secretory pro-
cesses was, at that time, central to the thoughts of
investigators in many disciplines: cyclic AMP was the
“bandwagon” of the late 1960s and the 1970s.

Sometime after writing that review, with the in-
creasing sophistication of experimental design and
technique, this simplistic view of the role of cyclic
AMP in cell activation was found to be wanting, and
the possible importance of this second messenger be.
came increasingly complex. While we would later
show that the drugs we used did increase the cyclic
AMP levels in purified basophils, simplified theories
were rejected, and the exact role of cyclic AMP is
still not fully elucidated. In certain rodent mast cells
and basophils there is an increase in cyclic AMP after
antigen-IgE interaction, although it is not now felt
that this represents a central mechanism of signal
transduction. In human basophils and mast cells this
increase does not seem to occur, but even this re-
mains controversiai.
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This experience taught us that the facile general-
izations made early in the explorationof mechanisms
of signal transduction are usually false. Thus, the cur-
rent theories regarding the generation of inositol
1,4,5 tripliosphate and diacylglycerol and their in-
volvement in the mechanism of signal transduction
have started to become unraveled in the few short
years since the discovery ofthese pathways. Perhaps
the bottom line is that the control of cell stimulation
or secretion is far more complex than appreciated
even at the present time and that visualizing this as
a linear process is unlikely to be correct. There al-
most surely will be multiple second messengers and
enzyme systems that feed backward and forward to
modulate the process of signal transduction.
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