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Distinguishing features of basophil and
neutrophil activation by major basic protein

Larry L. Thomas, PhD, Michelle D. Haskell, Emmanuel U. Sarmiento, MD,
and Yasmeen Bilimoria, MD Chicago, 1il.

Eosinophils play a prominent role in the patho-
genesis triggered by the inflammatory late-phase
reactions in allergic disease.” > Although eosino-
phil release of mediators such as leukotriene C,
and platelet activating factor clearly contributes
to the pathogenesis,”> a body of evidence has
accumulated to demonstrate that the cationic pro-
teins present within eosinophil granules are of at
least comparable importarice to the observed
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pathogenesis.” Most extensively studied among
the various cationic proteins is major basic protein
(MBP), a highly charged (isoelectric point =
10.9) 13.8 kd polypeptide that comprises a large
portion of the eosinophil granule protein.* * Re-
sults from a number of laboratories suggest that
the severity of allergic late-phase reactions, and in
particular airway hyperreactivity in asthma, is cor-
related with presence of MBP in sputum and at
the reaction sites.> > Although the pathogenic
activity of MBP has been attributed most fre-
quently to the well-described cytotoxic properties
of the molecule,” other findings have demon-
strated that MBP activates various inflammatory
cells in a noncytotoxic fashion. Specifically, micro-
molar concentrations of MBP stimulate basophil
histamine release,” neutrophil release of superox-
ide anion and specific granule enzymes,® and
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Abbreviations used

[Ca®*];: Concentration of cytosolic free
calcium

EGTA: Ethyleneglycol-bis-(B-aminocthylether)
N,N,N’,N’-tetraacetic acid

FMLP: N-formyl-methionyl-leucyl-phenyl-
alanine

GM-CSF: Granulocyte-macrophage colony-

stimulating factor
IL: Interleukin
MBP: Major basic protein
raMBP: Reduced and alkylated major basic
protein

platelet release of alpha granule contents.” Given
the participation of basophils and neutrophils in
late-phase reactions in both cutaneous and pul-
monary tissue,*"" it is postulated that activation of
basophil and neutrophil meditor release by MBP
may contribute to the inflammatory events in
allergic late-phase reactions. Accordingly, delin-
eation of the mechanisms for basophil and neu-
trophil activation by MBP may provide insights
into new approaches for the therapeutic control
of allergic disorders.

CHARACTERISTICS OF BASOPHIL AND
NEUTROPHIL ACTIVATION BY MBP

The possibility that MBP stimulates basophil
mediator release was predicated on the high
(14%) arginine content of the MBP molecule®
and the finding that poly-L-arginine is a potent
stimulus for basophil histamine release.> Consis-
tent with the different percentages of charged
arginine residues in the two molecules, stimula-
tion of basophil histamine release by MBP occurs
at approximately 10-fold higher molar concentra-
tions (1 to 5 pmol/L) than does stimulation by a
13.9 kd poly-L-arginine.” However, additional re-
sults suggest that the positive charge of the MBP
molecule is not solely responsible for the activity
of MBP. First, reduction and alkylation of the
MBP molecule diminishes both the potency and
efficacy of the native MBP molecule. At concen-
trations (1 to 3 pmol/L) optimal for native MBP,
raMBP does not stimulate histamine release.”
The raMBP does stimulate histamine release at
10-fold higher concentrations, but the level of
histamine release is lower than that obtained with
native MBP.” Second, eosinophil cationic protein,
which like MBP has a high isoelectric point (10.8)
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and arginine content (15%), does not stimulate
basophil histamine release at the concentrations
optimal for MBP."> Third, baosphil histamine re-
lease stimulated by MBP and by poly-L-arginine
differs in sensitivity to pharmacologic agents, in-
cluding theophylline and the calmodulin antago-
nist W-7, as well as in sensitivity to pertussis toxin
treatment."* MBP-stimulated histamine release is
inhibited by these agents, whereas release stimu-
lated by poly-L-arginine is inhibited minimally or
not at all.

Neutrophil activation by MBP displays the same
concentration requirements and the same profile
of responsiveness as established for stimulation of
basophil histamine release. MBP in concentrations
of 1 to 5§ pmol/L stimulates neutrophil oxidative
metabolism, specific granule discharge, and in-
creased surface expression of CR3.> ** However,
neither raMBP nor eosinophil cationic protein, in
concentrations that are optimal for activation by
MBP, stimulates neutrophil oxidative metabolism
as measured by luminol-enhanced chemilumines-
cence.® The same concentrations of raMBP and
eosinophil cationic protein, likewise, do not mimic
the ability of MBP to stimulate increases in neutro-
phil expression of CR3.*

CALCIUM SIGNALING AND
MBP ACTIVATION

Calcium plays an integral role in the regulation
of numerous cellular responses. An increase in
the concentration of cytosolic free calcium
([Ca*>*])) is a critical event in intracellular signal-
ing cascades, triggered through either G protein-
linked by tyrosine kinase-associated receptors.'®
Previous studies have shown that sitmulation of
basophil histamine release and neutrophil oxida-
tive metabolism by MBP are dependent on the
presence of extracellular calcium.> ° However,
results of recent studies indicate distinct differ-
ences in the nature of calcium signaling in the two
cells in response to activation by MBP.

Studies by MacGlashan et al.”” *® have demon-
strated two phases for the stimulated increase in
basophil [Ca®"];: an initial mobilization of intra-
cellular calcium stores and a subsequent elevation
dependent on the presence of extracellular cal-
cium. Both phases are evident during basophil
activation by optimal or supraoptimal concentra-
tions of anti-IgE,*® as well as by N-formyl-methio-
nyl-leucyl-phenylalanine (FMLP)."” In contrast,
activation by C5a'” or platelet activating factor*® is
accompanied only by the initial elevation in
[Ca®*].. Release of calcium from the intracellular
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FIG. 1. Relationship between the levels of basophil hista-
mine release stimulated by 1.5 or 2 pmol/L MBP and 0.1
wg/mi anti-IgE. Histamine release was measured as de-
scribed previously.™ Significance was established by re-
gression analysis.

stores is associated with histamine release stimu-
lated by FMLP or C5a,” but IgE-mediated re-
lease is associated with the second phase of the
elevation of [Ca®>*];.** Addition of ethyleneglycol-
bis(B-aminoethylether)-N, N, N’, N'-tetraacetic
acid (EGTA) to the incubation buffer abolishes
both histamine release and the second, but not
the initial, increase in [Ca**]; stimulated by anti-
IgE. Recent results,” obtained with Fura-2-
loaded basophils and digital video microscopy,
indicate that MBP also triggers elevations in ba-
sophil [Ca’*];, with the pattern of the elevations
similar to that observed with IgE-mediated acti-
vation. The increase in [Ca®*]; occurs in a con-
centration-dependent fashion that parallels the
increase in histamine release. Both phases of the
increase in [Ca®*]; that are observed with other
stimuli'” ** are also_evident after stimulation by
MBP, although the immediate transient increase
associated with mobilization of intracellular cal-
cium is blunted in comparison with that observed
with FMLP or supraoptimal concentrations of
anti-IgE."” '* Like IgE-mediated histamine re-
lease,'®* MBP-stimulated histamine release is also
dependent on the second phase of the [Ca®*];
increase, because both histamine release and the
second phase of the [Ca®"J; increase are abolished
by the addition of EGTA to the incubation
buffer.”
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FIG. 2. Relationship between the levels of basophil hista-
mine release stimulated by 1.5 or 2 ymol/L MBP and 100
ng/ml rCb5a. Histamine release was measured as described
previously." Significance was established by regression
analysis. Each value is the result of a single experiment
with cells from a different donor. Three of the experiments
and 10 of the donors are the same as those used for the
results presented in Fig. 1.

Additional results indicate that there is also a
loose but statistically significant correlation be-
tween the levels of histamine release stimulated
by optimal concentrations of MBP and anti-IgE.
A plot of the levels of histamine release stimu-
lated by 1.5 or 2 pmol/L. MBP in 32 experiments
with cells of 18 donors versus the levels of hista-
mine release stimulated by 0.1 wg/ml of anti-IgE
in the same experiments is shown in Fig. 1. In
contrast, a similar evaluation indicates that no
correlation exists between the level of histamine
release stimulated by 1.5 or 2 /umol/L MBP and
the level of release stimulated by an optimal
concentration (100 ng/ml) of rC5a (Fig. 2). As
shown in Fig. 1 by the results obtained with cells
of three donors (triangles, diamonds, and squares,
respectively), the relationship btween the levels of
histamine release stimulated by MBP and those
stimulated by anti-IgE for a single individual
remains fairly constant when examined in mul-
tiple experiments. In general, the results shown in
Fig. 1 indicate a tendency for basophils that
respond well to IgE-mediated activation to also
respond well to activation by MBP as measured by
histamine release. It is clear, however, that re-
sponsiveness to anti-IgE certainly does not pre-
dict a priori responsiveness to MBP. MBP can
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FIG. 3. Neutrophils (105/ml) in Hanks’ balanced salt solu-
tion, pH 7.4, containing 10 mmol/L N-2-hydroxyethylpip-
erazine-N-2-ethane sulfonic acid, 0.003% human serum
albumin, 0.6 mmol/L CaCl,, and 1 mmol/L MgCl, were
preincubated for 75 mintues at 37° C in the presence and
absence of GM-CSF. MBP or FMLP and 80 umol/L ferricy-
tochrome ¢ were added, and the cells were incubated for
30 minutes at 37° C. Final incubation volume was 0.5 ml.
The reactions were stopped by centrifugation at 200 g for
10 minutes at 4° C, and the Aggg ., Of the supernatant was
measured after a 1:6 dilution in saline solution. Superox-
ide anion release was calculated as nanomoles cyto-
chrome c reduced per 10° cells, as described previously.®
Results are expressed as the means + SEM after subtrac-
tion of spontaneous release. *p < 0.05.

stimulate histamine release from basophils that
are unresponsive to anti-IgE (note the filled
squares in Fig. 1), and conversely, MBP may cause
little release from cells that respond well to stimu-
lation by anti-IgE. Recent findings® underscore
the complexity of the parameters that control the
level of histamine release obtained with optimal
concentrations of anti-IgE. Thus, it is likely that
the relationship shown in Fig. 1 simply reflects
overlap in one of these parameters, possibly at the
level of the increase in [Ca®>"]; required for hista-
mine release by anti-IgE or by MBP.

Other results® indicate that in contrast to ba-
sophil activation by MBP, neutrophil activation by
MBP concentrations (1 to 3 pmol/L), which are
optimal for stimulating neutrophil superoxide an-
ion and lysozyme release,’ is not accompanied by
the immediate increase in [Ca®*]; associated with
calcium release from intracellular stores. MBP
does, however, stimulate a gradual increase in
[Ca**]; in cytochalasin B-treated neutrophils,
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FIG. 4. Enhancement of MBP-stimulated histamine re-
lease by IL-3, IL-5, and GM-CSF. Basophil-containing
mononuclear cells were preincubated with 5 ng/ml of the
cytokines alone and in combination, as indicated, for 15
minutes at 37° C. The cells were then incubated with 1.5
pmol/L MBP for 30 minutes at 37° C, and histamine release
was measured as described previously." The results of a
single experiment are presented.

which can be detected afer 3 minutes of activation
and reaches a maximum of 50 to 100 nmol/L after
6 minutes of stimulation, the latest time point
examined.” Like the second phase of the MBP-
induced elevation in [Ca®']; in basophils, the
delayed increase in [Ca®**]; in cytochalasin
B-treated neutrophils is abolished by the addition
of EGTA to the incubation medium. The MBP-
induced increase in [Ca’*]; in cytochalasin
B-treated neutrophils, however, is not necessary
for activation of neutrophil superoxide anion or
lysosomal enzyme release. MBP does not stimu-
late an increase in [Ca®*]; in neutrophils in the
absence of cytochalasin B treatment,”® whereas
the levels of MBP-stimulated superoxide anion
and lysozyme release are not different in the
presence and absence of cytochalasin B.* ** Thus,
the calcium requirement for neutrophil activation
by MBP appears to be unrelated to the signaling
events for oxidative burst activity or for granule
enzyme release.

CYTOKINE EFFECTS ON MBP ACTIVATION

Of concomitant interest to delineation of the
signaling events that mediate cell activation by



J ALLERGY CLIN IMMUNOL
VOLUME 94, NUMBER 6, PART 2

Thomas et al. 1175

TABLE 1. Summary of basophil and neutrophil responses to MBP

Basophil Neutrophil

Response

MBP concentration requirements

Activated by raMBP (2 pmol/L)

Activated by eosinophil cationic protein (2 pmol/L)
Ca’>*-dependent activation

Increase in [Ca®*];

Mobilization of intracellular Ca*

Enhanced by IL-3, IL-5, and GM-CSF

Histamine release,

Superoxide anion and Iysozyme

leukotriene C, release release, CR3 expression

1-5 wmol/L 1-5 pmol/L
No No
No No
Yes Yes
Yes (Yes)*
Yes No
Yes No

*With cytochalasin B pretreatment.

MBP is the impact of other mediators present at
sites of allergic reactions on activation. In situ
hybridization and protein measurement have
documented the presence of interleukin (IL)-5,
IL-3, and granulocyte-macrophage colony-stimu-
lating factor (GM-CSF) at sites of pulmonary and
cutaneous allergic disease™? and thus have im-
plicated the cytokines in the pathogenesis of these
disorders. The roles of IL-5, IL-3, and GM-CSF
in promoting eosinophil growth and differentia-
tion, prolonging eosinophil survival in vitro, and
enhancing a number of cosinophil effector func-
tions, including degranulation, are well defined.”
In addition, GM-CSF primes neutrophils for en-
hanced responsiveness, including superoxide an-
ion release, to activation by chemoattractants®” %
whereas IL-3, IL-5, and GM-CSF each prime
basophils for enhanced responsiveness to IgE-
mediated activation, as well as to activation by
IgE-independent stimuli such as C5a.* *° To-
gether, these findings suggested that IL-3, IL-5,
and GM-CSF, in addition to promoting eosinophil
function, may also enhance neutrophil and baso-
phil activation by MBP.

Initial results, however, indicate that priming
neutrophils by a 75-minute preincubation with
5 ng/ml of GM-CSF at 37° C, conditions that are
optimal for enhancing superoxide anion release
stimulated by chemoattractants such as FMLP,
does not potentiate superoxide anion release
stimulated by 1 pmol/L MBP (Fig. 3). In these
experiments preincubating the neutrophils with
GM-CSF also increased spontaneous superoxide
anjon release, but the combined effect with MBP
was a less than additive increase in the amount of
superoxide anion release. In contrast, preincuba-
tion with GM-CSF potentiated superoxide anion
release stimulated by 50 nmol/L. FMLP, as noted
by the synergistic increase in FMLP-induced su-

peroxide anion production after neutrophil prim-
ing with GM-CSF in the same experiments (Fig.
3}). No superoxide anion production was detected
for any of the experimental conditions in the
presence of 50 pg/ml of superoxide dismutase
(data not shown).

In contrast to the lack of a GM-CSF effect on
neutrophil superoxide anion release stimulated by
MBP, a brief exposure of basophils to IL-3, TL-5,
or GM-CSF primes them for enhanced respon-
siveness to MBP.* In agreement with results
obtained with other basophil stimuli,” *° the re-
sults in Fig. 4 show that a 15-minute precinbua-
tion of the basophils with 5 ng/ml of the cytokines
enhances histamine release stimulated by 1.5
pmol/L MBP. Consistent with the receptors for
the three cytokines having a shared P-chain,”
preincubation of the cells with suboptimal con-
centrations of the cytokines in combination pro-
duces levels of enhancement that are less than the
additive effects obtained with the individual cyto-
kines alone.

CONCLUSION

Table 1 provides a summary of the results
described here and illustrates that although baso-
phil and neutrophil activation by MBP have many
characteristics in common, the two cells differ in
calcium signaling and sensitivity to priming by
cytokines. Activation of neutrophil superoxide an-
ion release by MBP proceeds independently of an
elevation in [Ca®"; and is not enhanced by expo-
sure of the neutrophils to GM-CSF. In contrast,
an elevation in [Ca®*]; appears to be integral to
basophil activation by MBP. Significantly, basophil
mediator release stimulated by MBP is enhanced
after a brief preincubation with IL-3, IL-5, or
GM-CSEFE. These results suggest that avenues may
exist for the differential regulation of basophil
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and neutrophil activation bv MBP. In addition.
the results indicate that MBP stimulation of ba-
sophil mediator release may be influenced by the
presence of IL-3, IL-5, and GM-CSF at sites of
allergic late-phase reactions.
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