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Effects of Adenosine on Mast Cells
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Introduction

Stimulation of mast cells with appropriate antigen result;
in the rapid release of a large number of mediators 0
allergy from the cells. The cells possess cell Surfa9§
receptors for the Fc portion of IgE which serve to transm;
the signal of binding of an antigen by the IgE molecule g
the interior of the cell. Since monovalent antigens are h
capable of inducing mast cell secretion it is believed tha
crosslinking of IgE molecules by di-or polyvalent antigens
represent the appropriate stimuli (Foreman 1980). Thes%
stimuli ultimately result in the release of two groups 0
mediators of allergy: preformed mediators, and secondary o
newly formed mediators. Preformed mediators are stOfed m
the mast cell granules and become released upon fusion ¢
the granules with the plasma membrane; they include
histamine, serotonin, chemotactic factors, lysosomal enzymes
and heparin. Secondary mediators are synthesized only aftgf
stimulation of mast cells and then immediately release H
they include prostagliandin D2, leukotrienes and platele
activating factor (Siraganian 1983).

Studies of mast cells are complicated by important intra-
and inter-species differences. Within a species, the;e
appear to be at least two groups of mast cells (reviewed Y
Enerback 1986). The first group is the connective t1350$
mast cells, which is the most frequently studied type ©
mast cells and includes, for example, the mast cells
obtained by peritoneal lavage. The second group represents
the mucosal mast «cells, which differ histologicallys
functionally and in their response to pharmacological agents
from those of the first group. Blood basophils are, 1ike

mast cells, derived from bone marrow precursors, but their
final differentiation in the blood r;iher than in tissues
appears to result 1in

X yet another spectrum of properties
(Kitamura et al. 1983). This heterJ;eneity together with
differences between species, and often between strains od
the same species, or even between the same strains obtain®
from different suppliers, may explain the discrepant results
obtained by different laboratories and should be taken int¢

consideration when generali i rimental
findings. 9 zing and comparing expe
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The first evidence that adenosine can alter mast cel)
mediator release was reported by Marquardt et al. in 1978.
These authors found that adenosine enhanced mast cell
release when cells were stimulated with a variety of agents,
but that it did not affect release from nonstimulated cells.
Since this modulatory effect of adenosine was antagonized by
theophylline, it was assumed that it was exerted via
classical adenosine receptors. Further supporting the
hypothesis of a role for adenosine in the regulation of mast
cell mediator release was the observation that antigen-
stimulated mast «cells generate substantial amounts of
adenosine, probably via hydrolysis of ATP (Marquardt et atl.
1984). This led to the hypothesis of a positive feedback:
stimulation of mast cells by antigen (or other stimuli)
leads not only to mediator release, but at the same time to
generation of adenosine; adenosine, in turn, enhances
mediator release by an action at cell surface receptors.

Two findings challenged this straight-forward concept.
First, adenosine may not only enhance, but also inhibit
mediator release from basophils and mast cells, and
sometimes both enhancement and inhibition were seen in the
same models depending on experimental conditions (Marone et
al. 1979; Church et al. 1983; Hughes et al. 1984). Second,
whereas earlier studies found that methylxanthines
antagonized the enhancing effects of adenosine (Marquardt
1978; Church et al. 1983; Hughes et al. 1984), more recent
studies failed to observe such antagonism (Vardey and
Skidmore, 1985; Hughes and Church, 1986). These
observations suggested that adenosine may exert more complex
effects on mast cells than thought previously, and that
these effects may occur via as yet unknown sites.

Effects of adenosine on peritoneal mast cells.

Our initial studies sought to verify the concept that
adenosine receptors exist on the surface of mast cells. We
used rat peritoneal mast cells, purified to >95%
homogeneity, as a model. In membranes prepared from these
cells, adenosine and several of its analogues stimulated the
activity of adenylyl cyclase by 30-50% (Lohse et al. 1987) .
Theophyl1ine and 8-phenyltheophylline completely prevented
his stimulation. In intact mast cells, 5'—N-etpylcarbox-.

amidoadenosine (NECA), caused a two-fold increase in
CAMP-levels even in the absence of phosphodiesterase

inhibitors. This effect was again antagonized by
methylixanthines. These data strongly suggest the presence
of adenosine receptors of the Az type on rat pertoneal mast

e A] type was found

cells. No evidence for receptors of th as
Iin experiments investigating adenylyl cyclase activity in
membranes, cAMP-levels in intact cells, or in radioligand

binding studies (Lohse et al. 1987).

release from the

Adenosine analogues enhanced histamine 1
jonophore

Cells, when release was induced by the calcium ig
A23187 or by the lectin concanavalin A which cross-1inks IgE
receptors. The order of potency was NECA>R-PIA
>2-Cl-adenosine with NECA also being somewhat more effective
than other adenosine analogues. However, in contrast to
adenosine receptor-mediated effects, methylxanthines did not

207



antagonize the enhancement of histamine release by adenosine
analogues (Lohse et al. 1987). A similar lack of antagonism
by methylxanthines has been observed by other investigators
(Vardey and Skidmore, 1985; Leoutsakos and Pearce 1986;
Hughes and Church 1986; Peachell et al. 1989).

These results allow two possible conclusions: either the
enhancement of histamine release by adenosine is mediated by
a novel type of adenosine receptor, or it occurs via an
intracellular site. The first conclusion, i.e. the
postulate of a new type of adenosine receptor, was made by
Hughes and Church (1986), since they observed no effect of
the nucleoside transport inhibitor dipyridomole. Our own
data, however, support the idea of an intracellular site of
action of adenosine (Lohse et al. 1987, 1988). This
hypothesis was based on the effects of two more potent
nucleoside transport inhibitors, nitrobenzylthioinosine
(NBTI) and nitrobenzylthioguanosine (NBTG). First, these
compounds prevented the adenosine-induced enhancement of
histamine release from rat peritoneal mast cells, when the
cells were stimulated either with A23187 or with
concanavalin A (Lohse et al. 1987). And second, in the
absence of endogenous adenosine but in the presence of
strong stimuli such as higher concentrations of A23187, NBTI
actually enhances histamine release (Lohse et al. 1988,
1989). Since in the presence of strong stimuli considerable
amounts of adenosine are generated by mast cells (Marquardt
et al. 1984), we think that the release-enhancing effects of
NBTI are due to trapping of the newly generated adenosine
inside the mast cells. Hence, it is assumed that adenosine

z?zgnces histamine release via an action at an intracellular

Synergism between adenosine and calcium.

To further investigate the nature of this resumed
:atr1CE]lu‘ar site, we studied the effects of adengsine on
Alsh nt;ace]lu]ar events that follow antigenic stimulation.
stimo¥gt' the exact cascade 1leading from IgE receptor
consqda 1gn to mediator release s still the subject ©
52 i eralle controversy (see for example Penner 1988), it
h geﬂe”? ly agreed that the initial event is activation 0

gr?zph01lgase C leading to generation of inositol
storzsosp tfe {which releases calcium from intracellular
¢) B) zn diacylglycerol (which activates protein kinase
. ot free cytosolic calcium and protein kinase C areé

thought to acti 1
il11-defined mech#ﬁ??:;. mediator release through as Y

In our hands, adenosine and it
s analogues interfered neither
:;:ca:?:nggperation of inositol tris%hosphgte nor with the
Pecyati of cytosol1c calcium after stimulation of the IgE
re Cgntrs oF rat peritoneal mast cells (Lohse et al. 1988):
rast, Marquardt and walker (1988, 1989) reported that

tosolic alci tration 1D
antigen-stimulat cy _calcium concentrati
clear, hOWever’eghgggzrmarrow-der1ved mast cells; it is no

i A these auth l1led for the
artifactual signals d ors controlile st
cells (Almers and Nehegelggg)fecretion of fura-2 from ma
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Adenosine did, however, enhance histamine release induced by
elevated levels of cytosolic calcium (Lohse et al. 1988).
This was demonstrated by varying the free calcium
concentration in ATP-permeabilized mast cells. Together
with the well-known enhancing effects of adenosine on
A23187-induced release this suggests that adenosine acts at
a step distal to elevation of cytosolic calcium. At this
step there appears to be synergism between calcium and
adenosine. Not only does adenosine enhance the effects of
intracellular calcium, but in addition elevated
intracellular calcium increases the potency of adenosine and
its analogues (Lohse et al. 1989).

There is some evidence that adenosine might act via an
activation of protein kinase C, since adenosine appears to
enhance translocation of the kinase, and also because down-
regulation of the kinase reduces the effects of adenosine
(Marquardt and Walker 1989). However, whereas phorbol
esters, direct activators of protein kinase C, induce some
histamine release by themselves, adenosine clearly has no
effect when given alone. Furthermore, adenosine does not
enhance the effects of submaximal concentrations of phorbol

esters (Lohse et al. 1988).

Effects of adenosine on histamine release from human 1lung
issue.

In order to explore the relevance of these findings to the
setting of mediator release from mast cells in the human
lung we have more recently studied the effects of adenosine
and its analogues on histamine release from human 1lung

fragments obtained during surgery. Histamine release from
these fragments was induced by either concanavalin A or
A23187. Adenosine and its analogues only slightly

stimulated release when given together with these agents.
However, in the additional presence of adenosine receptor
antagonists, adenosine caused a very marked increase of
histamine release. On the other hand, in the presence of
nucleoside transport inhibitors adenosine caused an
inhibition of histamine release. This suggests that
adenosine inhibits histamine release from these fragments
vVia an A2 receptor (as seen in basophils by Marone et al.
1979, and others) and stimulates the release via an
intracellular site. The development of antagonists for this
intracellular site may, therefore, result in an inhibition
of histamine release in the human 1lung and lead to the

development of novel antiallergic drugs.
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