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area is the possibility that  groups  of  cytokines 
st imulate specific pat terns  of  expression of  re- 
ceptors and that  this pa t te rn  is responsible for 
behavior  of  the cell and can be diagnosed by 
MAb.  

Third, the possibility of  having clinically rel- 
evant antagonists is real with the development  of  

powerful  blocking M A b  and, perhaps  more  im- 
portant ,  of  analogues of  growth factors that  act as 
antagonists  by specifically binding one of  the 
chains of  the receptors  for these factors (Tables V 
and VI).  Al though  each of  these reagents  may 
have significant drawbacks in clinical use (the 
M A b  is mur ine  and the antagonist  must  be used 
in excess over ligand of  approximately 100 times), 
each points  the way for the specific design of  
smaller molecules  that  may be more  po ten t  and 
more  easily administered.  

Finally, the effect of  cyclosporine on cells o ther  
than T lymphocytes  also points  the way for  the 
inhibition of  t ranscript ion of  cytokine genes in 
non-T  cells. The  particularly attractive possibility 
is that  there  exist several pathways of  activation 
only some of  the activation pathways are sensitive 
to cyclosporine. If  this were  to be the case, it may 
be possible to target  activation pathways specific 
for allergy. 

We thank Mari Walker for typing the manuscript. 
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The clinical relevance of basophil releasability 

Gianni Marone, MD, Giuseppe Spadaro, MD, Vincenzo Patella, MD, and 
Arturo Genovese, MD Naples, Italy 

In  contrast  to many  words used in allergy 
(e.g., atopy, asthma, apoptosis) that  derive f rom 
ancient  Greek,  the term releasability, recently 
in t roduced in the English-language literature, 
does not  exist in most  dictionaries. It was first 
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Abbreviations used 
BAL: 

Con A: 
D20: 

Der p I: 

FMLP: 

IL: 
LTC4: 

PMCE: 

PMCM: 

SCF: 
Staph A: 

Bronchoalveolar lavage 
Concanavalin A 
Deuterium oxide 
Dermatophagoides pteronyssinus p I 
antigen 
N-Formyl-methionyl-leucyl-phenyl- 
alanine 
Interleukin 
Leukotriene C 4 
Lung parenchymae mast cells iso- 
lated enzymatically 
Lung parenchymae mast cells iso- 
lated mechanically 
Stem cell factor 
Protein A from Staphylococcus au- 
reus Cowan I 
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used by Lichtenstein and Conroy I in 1976 to 
define an event that many investigators and cli- 
nicians had probably implicitly already recog- 
nized. Initially the concept of releasability was 
essentially applied to the in vitro study of the 
release of chemical mediators from human ba- 
sophils, and this has been reviewed. 27 The con- 
cept of basophil and mast cell releasability is of 
practical importance because under appropriate 
conditions these cells synthesize several proin- 
flammatory mediators 6'* and eytokines ,  9q2 thus 
playing a central role in the pathogenesis of 
immune disorders. This article focuses on the 
concept of basophil and mast cell releasability, 
mostly from the clinical viewpoint. 

DOES RELEASABILITY EXIST IN VIVO? 

The need to invoke releasability derives from a 
number of clinical observations. Every clinician is 
aware of persons with positive skin test reactions 
to various inhalants, who have no symptoms dur- 
ing the appropriate season, whereas other pa- 
tients with similarly positive skin reactions show a 
wide spectrum of allergies. This apparent discrep- 
ancy has been carefully documented in patients 
allergic to insect venoms. Patients with identical 
serum concentrations of IgE and/or IgG anti- 
venom antibodies and similar skin test reactions 
can be stung, with opposite clinical results: one 
patient can have anaphylaxis whereas the other is 
completely unaffected. ~3 A similar condition is 
found in persons with positive skin reactions to 
food allergens. Approximately 50% of subjects 
with positive skin reactions have no reaction when 
the culprit food is ingested, whereas the other 
50% have local or systemic reactions) 4 

These observations suggested that the serum 
concentrations of IgE and IgG antibodies against 
various allergens and the in vivo sensitivity of skin 
mast cells to allergens were not sufficient to 
predict the extent of an allergic response in vivo. 
Thus the releasability of primary effector cells 
(basophils and mast cells) was proposed to ex- 
plain the complex array in symptoms in allergic 
persons. 

DEFINITION OF RELEASABILITY 

The term releasability implies that several bio- 
chemical events, not only the surface density of IgE 
molecules, control the release of mediators from 
basophils and mast cells in response to different 
activating stimuli, independent of the IgE mol- 
ecules themselves. The first evidence of this was 
provided in the basophil system by Conroy et al., is 
who reported a significant correlation between 
the serum IgE level and the number of IgE mol- 

ecules per basophil, However, they found no rela- 
tionship at all between the serum IgE level and the 
concentration of anti-IgE required for 30% hista- 
mine release. In fact, basophils with 5000 IgE mol- 
ecules responded to anti-IgE just as well as cells 
with 500,000 molecules. However, in basophils 
from different patients with 100,000 IgE mole- 
cules per cell, the maximum histamine release in- 
duced by anti-IgE ranged widely, from 10% to 75%. 
Thus it was concluded that the response of these 
different cells to anti-IgE was influenced by some- 
thing in addition to the antigen-antibody inter- 
action. Although the concept of releasability has 
remained biochemically elusive, 7 information ob- 
tained during the last few years has confirmed the 
existence of this biologic parameter. 26 

Basophil and mast cell releasability can be 
assessed by (1) measuring spontaneous histamine 
release in normal buffers or in buffers containing 
deuterium oxide (D20) in place of water, (2) 
stimulating F%RI + cells with increasing concen- 
trations of secretagogues, or (3) measuring the 
density of antigen-specific IgE required to release 
of 30% of the total cellular histamine content on 
challenge with an optimal concentration of anti- 
gen or anti-IgE. 

It is now clear that releasability must be defined 
in relation to the stimulus employed. 16' 17 Differ- 
ent stimuli induce the release of histamine either 
by interacting with cell-bound IgE or by acting on 
surface or intracellular targets independent of the 
IgE receptor. IgE-mediated secretagogues may in 
turn induce degranulation of basophils and mast 
cells either by direct anaphylaxis, that is, by in- 
ducing IgE crosslinking at the F(ab')2 regions 
(specific antigen), or by "reverse" anaphylaxis, 
that is, crosslinking IgE by polyclonal anti-IgE 
antibodies or a monoclonal antibody against the oL 
chain of F%RI. The latter mechanisms, frequently 
exploited for experimental purposes, are of clini- 
cal relevance because anti-IgE autoantibodies 18" 19 
and anti-s-chain autoantibodies 2° have been de- 
tected in a certain percentage of atopic patients. 
Some bacterial immunoglobulin-binding proteins, 
such as protein A from Staphylocccus aureus 
Cowan I (Staph A) and protein L from Peptostrep- 
tococcus magnus, also induce the release of me- 
diators from basophils and mast cells by interact- 
ing with IgE molecules. 21-23 

Among non-IgE-mediated secretagogues, the 
formylated tripeptide, N-formyl-methionyMeucyl- 
phenylalanine (FMLP), complement-derived ana- 
phylatoxins C3a and C5a, and platelet-activating 
factor activate basophils by interacting with spe- 
cific cell-surface receptors, independent of the 
IgE receptor. 2426 C a  2+ ionophores such as corn- 
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FIG. 1. Correlat ion between maximal  percentage of anti- lgE-induced histamine release from 
basophils f rom 14 sets of monozygot ic  (e) and 13 dizygotic (o) twins. Each point represents mean 
of duplicate determinat ions, hiS, Not significant. (From Marone G, Poto S, Celestino D, Bonini S. 
J immunol  1986;137:3588-92. Copyright 1986, The Journal of Immunology.)  

pound A23187, and tumor-promoting phorbol es- 
ters such as 12-o-tetradecanoylphorbol-13-acetate 
do not interact with surface receptors, therefore 
bypassing some of the early stages of signal trans- 
duction, and induce degranulation by allowing 
transmembrane Ca 2+ influx or by directly activat- 
ing protein kinase C, respectivelyF" 28 Another 
interesting stimulus is D20 which in vitro poten- 
tiates the release of mediators induced by other 
stimuli but causes little release by itself from cells 
of normal d o n o r s .  29' 3o 

In general, there is no correlation between the 
sensitivity and reactivity of the cells to release 
with any of these stimuli, and basophil and mast 
cell releasability must therefore be defined with 
respect to each stimulus. 

AGE-RELATED CHANGES IN HUMAN 
BASOPHIL RELEASABILITY 

We studied IgE (anti-IgE) and non-IgE-medi- 
ated (FMLP and Ca ~+ ionophore A23187) releas- 
ability of basophils from 63 normal subjects rang- 
ing in age from 1 to 86 years. The maximum 
histamine release induced by anti-IgE was signifi- 
cantly age related. 16 The percent histamine secre- 
tion of the group less than 20 years of age was 
significantly lower than that of the older groups at 
all concentrations of anti-IgE. The groups older 
than 20 years released the same percentage of 
histamine release for all concentrations of anti- 
IgE. These results indicate that when crosslinking 
of the IgE receptor is the signal for basophil 
histamine release, the cell donor's age signifi- 
cantly influences the amount of histamine secre- 
tion. Studies of IgE-mediated release should 
therefore take into account the fact that basophil 
releasability is age related. 

In the groups examined, we found no correla- 
tion between the donor's age and the maximum 
percentage of histamine release induced by 
FMLP. Histamine release tended to decline 
slightly with age and in fact was significantly lower 
in the group more than 60 years old. The de- 
creased in vitro response to FMLP in these older 
subjects might reflect long-term in vivo exposure 
and desensitization to bacterial products. 

No correlation was found between the age of 
donors and the maximum A23187-induced hista- 
mine release. Finally, we compared the maximum 
percentage of histamine release with optimal con- 
centrations of these three agents (anti-IgE, 
FMLP, and A23187). There was no correlation at 
all between any pair of the three releasing agents, 
suggesting again that basophil releasability must 
be defined for each separate stimulus. 

GENETIC CONTROL OF BASOPHIL 
RELEASABILITY 

Heredity has long bee~L suspected of playing a 
role in the development of allergic disorders, 31 
and several early observations report allergy as 
"running in families. ''32' 33 

We assessed the influence of genetic and envi- 
ronmental factors on basophil releasability in 26 
sets of t w i n s .  34 Zygotic status was established by 
direct observation, detailed examination of vari- 
ous anthropologic markers, and questionnaire an- 
swers, with a reliability estimated at 98% through 
control blood typing on about 15% of sets. 35 The 
total sample consisted of 14 monozygotic and 12 
dizygotic sets. 

Fig. 1 shows the significant intraset correlation 
coefficient of the maximum percentage of anti- 
IgE-induced histamine release in the 14 monozy- 



1296 Marone et al. J ALLERGY CLIN IMMUNOL 
DECEMBER 1994 

6 0  

50 

~: 40 

30 

~ 20 

~ ~ T 

0 
10 -2 10 -1 1 

Anti-lgE (pg/ml) 

FIG, 2. Histamine release induced by anti-lgE f rom baso- 
phils of 29 patients wi th bronchial asthma (e), 17 with 
allergic rhinitis ( ' ) ,  and 31 normal donors (o). Each point 
represents mean _+ SEM. Asterisk, Signif icantly different 
f rom control subjects. Double asterisks, Signif icantly dif- 
ferent from patients with rhinitis and control subjects. 
(From Casolaro V, Spadaro G, Marone G. Am Rev Respir 
Dis 1990; 142:1108-11 .) 

gotic twins (r = 0.84; p < 0.001) but not in the 
dizygotic twins. When the mean intraset variance 
of anti-IgE-induced histamine release was calcu- 
lated in the monozygotic (VMZ --- 85) and dizy- 
gotic twins (VDZ = 327) we found an F value of 
3.84 (p < 0.01) and a heritability value of 0.74. 
These results suggest that IgE-mediated releas- 
ability is controlled by genetic factors and under- 
line the importance of basophil releasability. No 
correlation was found between serum IgE levels 
and anti-IgE-induced histamine release, suggest- 
ing that the two parameters (serum IgE level and 
basophil IgE-mediated releasability) are under 
separate genetic control. 

FMLP-induced histamine release from baso- 
phils appeared to be influenced mainly by envi- 
ronmental factors. The intratwin correlation coef- 
ficient of A23187-induced histamine release was 
0.62 (p < 0.01) in the monozygotic sets and 0.38 
(not significant) in the dizygotic sets. The differ- 
ence between monozygotic and dizygotic sets was 
significant, suggesting that the biochemical steps 
explored by the Ca 2+ ionophore A23187 are at 
least partly under genetic control. This evidence 
strongly favors a genetic control of basophil re- 
leasability.34. 36 

DIFFERENCES BETWEEN BASOPHIL AND 
MAST CELL RELEASABILITY 

Human basophils differ from mast cells mor- 
phologically, ultrastructurally, biochemically, im- 
munologically, and pharmacologically. 37-39 It is 
therefore not surprising that many aspects of 

releasability in basophils differ from those of mast 
cells isolated from different anatomic sites. The 
evidence for different control of releasability in 
these two primary effector cells derives from the 
clinical observation that patients with urticarial 
syndromes have increased releasability of skin 
mast cells, 4° whereas IgE-mediated releasability of 
basophils is markedly reduced. 41-43 

Casolaro et a l .  17 compared basophil and lung 
mast cell releasability from individual donors. The 
response of basophils from 52 donors to anti-IgE, 
Staph A, concanavalin A (Con A), FMLP, and 
A23187 was compared with that of mast cells 
isolated enzymatically (PMCE) or mechanically 
(PMCM) from lung parenchyma. The maximum 
percentage of anti-IgE-induced histamine secre- 
tion was higher in basophils than in PMCE and 
PMC M. The correlation between the maximum 
percentage of histamine release induced by anti- 
IgE and Staph A was positive in basophils, 
whereas PMC E and PMC M were essentially unre- 
sponsive to Staph A and Con A. Similarly, lung 
mast cells were unresponsive to FMLP. 

Even more dramatic are the differences be- 
tween basophils and mast cells from bronchoal- 
veolar lavage (BAL). BAL mast cells do not 
release histamine in response to FMLP, and anti- 
IgE induces a Significantly higher maximum his- 
tamine release in basophils than in BAL mast 
ceils. Striking differences also have been clearly 
demonstrated between basophils and mast cells 
and between mast cells from different anatomic 
sites in response to opioids. 39 

BASOPHIL RELEASABILITY IN ALLERGIC 
SKIN DISORDERS 

The observations discussed so far provide some 
insight into the concept of basophil and mast cell 
releasability. However, the study of releasability 
probably has practical implications, and releas- 
ability has been investigated in a variety of allergic 
disorders. 

We have carried out experiments to ascertain 
whether there was any difference in the releas- 
ability of basophils from young patients with 
atopic dermatitis and normal donors. 44 Basophils 
from the young patients released significantly 
more histamine both spontaneously and in re- 
sponse to D20, and were significantly more re- 
sponsive to anti-IgE and A23187. No correlation 
was found between histamine release with opti- 
mal and suboptimal concentrations of the stimuli 
and the serum IgE level. Interestingly, in a recent 
study in adult patients with atopic dermatitis, 
anti-IgE-induced histamine release was the same 
in patients with atopic dermatitis and in control 
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subjects. 45 This is a further reminder that basophil 
releasability is affected by the cell donor's age for 
normal persons and for atopic patients. 

Basophil releasability is not always increased in 
patients with allergic disorders. In patients with 
chronic urticaria, basophils were significantly less 
responsive to anti-IgE than the ceils of control 
subjects. 41-43 It was suggested that in vivo desen- 
sitization had occurred in response to the same 
stimulus tested in vitro. Interestingly, in patients 
with chronic urticaria the de novo synthesis of an 
eosinophil chemotactic factor was also lower than 
in normal donors. 46 We have confirmed and ex- 
tended these findings, showing that basophils of 
patients with chronic urticaria released signifi- 
cantly less histamine than did control subjects and 
synthesized less leukotriene C4 (LTC4) de novo in 
response to anti-IgE. ~3 The maximum release of 
histamine and LTC4 from control subjects and 
from patients with chronic urticaria presented a 
significant linear correlation. Thus it appears that 
releasability of preformed mediators such as his- 
tamine correlates with that of de novo synthesized 
metabolites such as eosinophil chemotactic factor 
and LTC 4. 

BASOPHIL AND MAST CELL RELEASABILITY 
IN RESPIRATORY ALLERGY 

There is compelling evidence that basophils 
and mast cells play a role in the pathogenesis of 
respiratory allergy. Metachromatic cells are in- 
creased in the sputum before an asthmatic at- 
tack, 47 and basophils are increased in bronchoal- 
veolar lavage (BAL) fluid after antigen chal- 
lenge? 8 The presence of basophils in lung tissues 
obtained from asthma patients who died ~9 and the 
correlation between the annual changes in metha- 
choline airway responsiveness and basophil 
count 5° support the view that basophils play a 
major role in the pathogenesis of bronchial 
asthma. 

Spontaneous release of histamine from baso- 
phils in the presence of D20 is markedly greater 
than normal in approximately 30% of patients 
with allergic rhinitis or bronchial asthma?' 29. 3o 
Studies of basophil releasability in response to 
different IgE-mediated or non-IgE-mediated 
stimuli in patients with respiratory allergies have 
yielded apparently contradictory results. Basophil 
releasability in patients with asthma was in- 
creased, 5a unchanged, 17 and even decreased. 52 In 
one study in patients with allergic rhinitis, baso- 
phil releasability was increased in response to the 
anti-lgE-related stimulus Con A. 53 

We compared basophil releasability in young 
adults with severe bronchial asthma or with aller- 
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mine release induced by anti-lgE and D e r  p I from baso- 
phils of 17 patients with allergic rhinitis (e, A) and 29 with 
bronchial asthma (o, B). (From Casolaro V, Spadaro G, 
Marone G. Am Rev Respir Dis 1990;142:1108-11.) 

gic rhinitis, all of whom were skin test-positive for 
Dermatophagoidespteronyssinus p I antigen (Derp 
I), and age-matched control subjects. 54 Basophils 
were challenged with increasing concentrations of 
anti-IgE, Der p I, FMLP, and A23187. Basophil 
reactivity (i.e., the maximal percentage histamine 
release) to Der p I was similar in asthma and 
allergic rhinitis. However, basophil reactivity to 
anti-IgE was significantly higher in patients with 
asthma than in subjects with allergic rhinitis and 
was significantly higher in both groups of patients 
than in control subjects (Fig. 2). 

A significant correlation was found between 
basophil reactivity to anti-IgE and to Der p I in 
patients with 'bronchial asthma and in those with 
allergic rhinitis (Fig. 3). This is a further indica- 
tion that anti-IgE may be an excellent in vitro 
probe of IgE-mediated releasability in vivo. More- 
over, in patients with asthma, 1~ as in patients with 
other atopic conditions, ~9' 55 high serum levels of 
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anti-IgE autoantibodies are, at least in some 
cases, capable of inducing mediator release from 
human basophils and mast cells. ~ 

The frequency distribution of the maximal per- 
centage of anti-lgE-induced histamine release 
from basophils of control subjects and of patients 
with bronchial asthma or allergic rhinitis showed 
two peaks for the control subjects, the first corre- 
sponding to donors whose basophils released be- 
tween 40% and 80% of their histamine content, 
and the second corresponding to donors whose 
basophils consistently failed to release histamine 
on challenge with anti-IgE (nonreleasers) (Fig. 4). 
The latter amounted to approximately 25% of 
control subjects. In patients with respiratory aller- 
gies the nonreleasers' peak was much lower, and 
the peak for the basophils releasing of about 50% 
of their content was larger. This may account for 
the differences in the mean maximal anti-IgE- 
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FIG. 5. Histamine release induced by anti-lgE from BAL 
mast cells of 19 patients with mild asthma (o) and 17 
normal donors (o). Each point represents mean _+ SEM. 
Asterisk, Significantly different from control subjects. 
(From Casolaro V, Galeone D, Giacummo A, Sanduzzi A, 
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induced histamine release between control sub- 
jects and the two groups of atopic donors. 

Significant differences were also observed be- 
tween basophil reactivity to FMLP in patients 
with bronchial asthma and control subjects, but 
basophil reactivity to A23187 was the same as in 
control subjects. 

In patients with asthma there was a significant 
correlation between total serum IgE levels and 
basophil reactivity to anti-IgE (r = 0.44; p < 
0.05), whereas no such correlation was seen in 
patients with allergic rhinitis or in control sub- 
jects. This agrees with a previous report that the 
prevalence of asthma is closely related to serum 
IgE levels whereas allergic rhinitis appears to be 
independent. 57 Interestingly, these two groups of 
patients showed no correlation between basophil 
sensitivity to Der p I (i.e., the concentration that 
induced 50% of maximal in vitro histamine re- 
lease) and skin mast cell sensitivity to the same 
allergen (i.e., the concentration that induced the 
same wheal area on skin prick testing in each 
patient as did 10 mg/ml of histamine). This is 
further evidence that basophil releasability is con- 
trolled differently from skin mast cell releasability 
in patients with respiratory allergy. 

IgE-mediated basophil releasability appears to 
be correlated with the pathogenesis of airway 
reactivity in asthma: an inverse correlation was 
found between IgE-mediated releasability and the 
provocative dose of inhaled histamine required to 
produce a 20% decrease in the forced expiratory 
volume in 1 second, sl 
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FIG. 6. Histamine release induced by anti-lgE, recombinant human IL-3 (rhlL-3), FMLP, and 
A23187 from basophils of 16 women with scleroderma (e) and 16 normal women (o). Each point 
represents mean +- SEM. Asterisk, p < 0.05; double asterisks, p < 0.01; triple asterisks, p < 0.05 
versus control subjects. (From de Paulis A, Valentini G, Spadaro G, Lupoli S, Tirri G, Marone G. 
Arthritis Rheum 1991;34:1289-96, by permission.) 

In another study we compared the releasability 
of basophils and BAL mast cells from patients with 
mild asthma and from control subjects/7 Interest- 
ingly, the patients with mild asthma had basophil 
IgE-mediated and non-IgE-mediated releasability 
similar to that of control subjects, whereas their 
BAL mast cells released more histamine when 
challenged with anti-IgE (Fig. 5). The histamine 
concentration in BAL from patients with asthma 
(1628 +_ 632 pg/ml) was significantly higher than in 
control subjects (371 +_ 65 pg/ml; p < 0.05), sug- 
gesting that patients with mild asthma have a selec- 
tive alteration of BAL mast cell releasability, which 
is presumably responsible for the increased hista- 
mine levels in BAL. Furthermore, because this 
group of adults with mild asthma had normal IgE- 
mediated and non-IgE-mediated basophil releas- 
ability, evaluation of effector cells that would come 
into immediate contact with inhaled allergens 
(e.g., BMC) might be a more sensitive basis than 
basophil releasability for distinguishing donors 
with mild asthma. This observation might partly 
explain the apparently contradictory results of ear- 

lier studies in which the severity of asthma was not 
always considered. 

A L T E R A T I O N  O F  B A S O P H I L  R E L E A S A B I L I T Y  
IN  N O N A L L E R G I C  D I S O R D E R S  

Basophil and mast cell releasability has been 
studied so far primarily in patients with allergic 
disorders. However, there is evidence that these 
cells and their mediators play a role in an increas- 
ing number of immune and inflammatory disor- 
ders. 6 Scleroderma is a multisystem disease char- 
acterized by vascular and microvascular injury and 
fibroblast activation leading to fibrosisM Although 
the cause of the disease is unclear, there is in- 
creasing evidence that the immume dysfunction 
also involves the skin 59' 60 and lung mast cells. 6~ 
Although the importance of skin mast cell releas- 
ability in scleroderma has been demonstrated 
experimentally ~s and clinically, 59" 60 skin mast cell 
and basophil releasability appear to be indepen- 
dently controlled./7 

We evaluated basophil releasability in 16 fe- 
male patients with scleroderma and in 16 normal 
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TABLE I. Factors that influence releasability 
of basophils and mast cells 

• IgE-mediated basophil releasability increases 
with age of cell donors 

• Basophils and mast cell releasability must be 
defined with respect to each stimulus (anti-lgE, 
FMLP, A23187, DzO , C5a, etc.) 

• IgE-mediated and, to a lesser extent, A23187- 
mediated basophil releasability are influenced by 
genetic factors 

• FMLP-mediated basophil releasability is 
influenced by environmental factors 

• IgE-mediated basophil releasability is increased 
in atopic dermatitis, allergic rhinitis, and 
bronchial asthma, and decreased in chronic 
urticaria 

• In mild asthma IgE-mediated BAL mast cell 
releasability, but not basophil releasability, is 
increased 

• Basophil releasability is increased not only in 
patients with allergic disorders but also in 
systemic sclerosis 

age- and sex-matched donors. 62 Cells from pa- 
tients with scleroderma showed enhanced releas- 
ability when challenged in vitro with recombinant 
human interleukin (IL)-3. Releasability induced 
by anti-IgE and FMLP at the lower concentra- 
tions was higher in the patients with scleroderma 
than in the control subjects (Fig. 6). This finding 
is presumably clinically relevant because anti-IgE 
autoantibodies have been found in some patients 
with systemic sclerosis. 63 Basophil reactivity and 
sensitivity to A23187 were similar in the two 
groups. These results show that basophil releas- 
ability may be altered not only in patients with 
allergic disease but presumably in other immune 
disorders also. 

CYTOKINE-INDUCED MODULATION OF 
BASOPHIL AND MAST CELL RELEASABILITY 

Human basophils and mast cells have mem- 
brane-bound receptors for various cytokines. Hu- 
man basophils express receptors for IL-2, IL-3, 
IL-4, granulocyte-macrophage colony-stimulating 
factor, 64 and for the c-kit receptor ligand. 65 Hu- 
man lung and skin mast cells do not have the 
same array of membrane receptors for cytokines. 
For instance, mast cells isolated from human lung 
and skin tissues express surface receptors for the 
c-kit receptor ligand and IL-4. 65' 66 

Cytokines have a profound influence on baso- 
phil function; IL-3 is the most potent upregulator 
of the basophil response yet found, although IL-5, 
IL-1, and interferon--/ also significantly enhance 

IgE-mediated basophil releasability. 67 69 Granulo- 
cyte-macrophage colony-stimulating factor en- 
hances the release of mediators from basophils 
challenged with FMLP. 69 The enhancing effect of 
IL-3 is evident after short (-~10 minutes) or 
prolonged (~18  hours) incubation before addi- 
tion of the releasing stimulus. 67 The effects of 
IL-3 are global, the responses to all stimuli are 
increased, and all mediators (histamine, LTC4, 
and IL-4) are affected. 12" 67 

Stem cell factor (SCF), the ligand of the c-kit 
receptor, is the only cytokine known that activates 
human mast cells, and recombinant human SCF 
enhances of the release of histamine from lung 
and skin mast cells and basophils. ~5' 66 

In view of the in vitro and in v i v o  7°' 71 effects of 
various cytokines on human basophil and mast 
cell functions, it is tempting to suggest that these 
are the cause of all the differences in releasability. 
However, the decreased basophil releasability, 42' 43 
the genetic control of the response of basophils, 34 
and the lack of correlation between the response 
of basophils to IgE-mediated and other univalent 
stimuli suggest that a complete explanation of 
IgE- and non-IgE-mediated basophil and mast 
cell releasability may involve more than circulat- 
ing or local exposure to cytokines. 

CLOSING THOUGHTS 

Cellular releasability is an important param- 
eter, not yet biochemically defined, that controls 
the release of proinflammatory mediators and 
cytokines from Fc~RI + cells. Basophil and mast 
cell releasability are clearly distinct parameters 
that are just beginning to be characterized. Table 
1 summarizes a series of factors that influence 
releasability of these two cells. 

It is now evident that releasability must be 
defined with respect to each stimulus in light of 
the profound differences between IgE- and non- 
IgE-mediated releasability in normal donors and 
in atopic patients. Our observation that IgE-me- 
diated releasability in normal donors is influenced 
by an age-dependent factor is of practical impor- 
tance because this might be important in atopic 
disorders as well. 44' ~5 Therefore studies of baso- 
phil and probably mast cell releasability should 
take into account the fact that the cell donor's age 
might influence the results. 

Our studies of twins and of subjects of different 
ages indicate that basophil releasability is con- 
trolled by a complex interaction between genetic 
and environmental factors. Basophil histamine 
release in response to anti-IgE appears to be 
primarily controlled by genetic factors. 34 Non-IgE- 
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mediated releasability such as responses to FMLP 
is presumably controlled by environmental factors 
and follows an age-related pattern different from 
anti-IgE-induced secretion. 16 A23187-induced re- 
lease of mediators from basophils is also at least 
partly under genetic control but is not influenced 
by the age of the cell donor. 

IgE-mediated and non-IgE-mediated basophil 
releasability may be either increased or reduced. 
It is enhanced in patients with respiratory al- 
lergySl, 54; the severity of allergic symptoms 
roughly correlates with the degree of basophil 
responsiveness in vitro. Basophils from patients 
with asthma release more histamine than baso- 
phils from those with rhinitis on challenge with 
anti-IgE. 54 When examining the frequency distri- 
bution of basophil reactivity to anti-IgE, a certain 
percentage of nonreleasers may account for some 
of the differences observed in average basophil 
releasability between populations. 

There appears to be marked immunologic and 
functional heterogeneity between basophils and 
mast cells, so that most results with basophils 
cannot be extrapolated to mast cells. In vitro 
studies of human mast cell releasability are still 
hampered by the technical problems of obtaining 
these cells from different tissues in large amounts 
and sufficiently purified. BAL mast cells from 
patients with mild asthma show enhanced releas- 
ability even in the absence of increased basophil 
releasability. 17 Unfortunately, however, the influ- 
ence of environmental or genetic factors on hu- 
man mast cell releasability has not yet been ana- 
lyzed. 

Preliminary evidence suggests that basophil re- 
leasability may be altered not only in allergic 
diseases but also in other immune disorders such 
as systemic sclerosis. Much work remains to be 
done to define the molecular and genetic bases of 
basophil and mast cell releasability and its rel- 
evance in different pathophysiologic conditions. 
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Basophils and eosinophils in allergic rhinitis 
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Unequ ivoca l  da t a  suppo r t  the  role  of  the  mas t  
cell  in the  i m m e d i a t e  or  ea r ly -phase  anaphylac-  
to id  r eac t i on  to ant igen.  A l t h o u g h  the  con t r ibu-  
t ion of  the  ear ly  r eac t ion  to the  pa thophys io logy  
of  a l lergic  rhini t is  should  not  be  ignored ,  t he re  is 
c lear  ev idence  tha t  the  ear ly  r e sponse  canno t  fully 
expla in  the  ex ten t  of  the  disease .  O n e  of  the  m o r e  
i m p o r t a n t  obse rva t ions  tha t  l ed  inves t igators  to 
this  c, onc lus ion  is tha t  systemic cor t i cos te ro ids  do  
no t  inhibi t  the  ear ly  r e sponse  to an t igen  in the  
nose,  desp i t e  having a p r o f o u n d  effect  on  the  
cl inical  course  of  the  d i s e a s e )  This  d i sc repancy  in 
the  effect  of  systemic cor t i cos te ro ids  b e t w e e n  ex- 
per inaenta l  and  cl inical  d i sease  l ed  to mul t ip le  
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inves t igat ions  in to  the  in f l ammatory  p rocesses  af- 
te r  the  ear ly  reac t ion .  The  cen t ra l  hypothes i s  
b e h i n d  these  efforts  was tha t  the  inf i l t ra t ion of  
in f l ammatory  cells into the  site of  an a l lergic  
r eac t ion  a l te rs  the  react iv i ty  of  the  end  organ.  In  
the  nose,  man i fe s t a t ions  of  a l t e r ed  react iv i ty  in- 
c lude  l a t e -phase  react ions ,  pr iming,  and  hype r re -  
spons iveness  to nonan t igen i c  st imuli .  W e  brief ly 
descr ibe  he re  some of  our  observa t ions  on  the  
cha rac t e r i za t i on  of  the  ce l lu la r  changes  tha t  occur  
a f te r  nasa l  p rovoca t i on  with ant igen.  W e  will not  
only focus on changes  in basoph i l s  and  eos ino-  
phi ls  in nasa l  secre t ions  bu t  also inc lude  some 
observa t ions  on ce l lu lar  changes  tha t  occur  wi th in  
the  nasa l  mucosa .  
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