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Eosinophil major basic protein enhances the 
expression of neutrophil CR3 and p150,95 

James N. Moy, MD, Larry L. Thomas, PhD, and Laura C. Whisler, BS 
Chicago, Ill. 

Background: We examined the effect of major basic protein (MBP) stimulation on the 
expression of the neutrophil 132-integrins: LFA-1 (CD11a/CD18), CR3 (CD11b/CD18), and 
p150,95 (CD11c/CD18). 
Methods: Incubation of neutrophils with 0.75 to 3.0 pmol/L MBP for 30 minutes at 37 ° C 
resulted in concentration-dependent increases in CR3 expression as detected by staining with the 
C D11b-specific monoclonal antibody, Leu-15. 
Results: The expression of CR3 was significantly (p < 0.001) higher when neutrophils were 
stimulated with 1.5 wnol/L (53% + 9% increase) or 3.0 lanol/L (100% +. 17% increase) 
MBP as compared with unstimulated neutrophils. The kinetics of MBP-stimulated CR3 
expression were rapid and were similar to those of 100 nmol/L 
N-formyl-methionyl-leucyl-phenylalanine-stimulated enhancement of CR3 expression. 
Incubation of neutrophils with reduced and alkylated MBP resulted in significantly lower 
(p < O. 05) increases in CR3 expression as compared with stimulation with native MBP. In 
addition, neither eosinophil cationic protein nor eosinophil-derived neurotoxin altered neutrophil 
CR3 expression. MBP stimulated minimal increases in LFA-1 expression. However, staining 
with the monoclonal antibody Leu-M5 (anti-CD11c) revealed that MBP stimulated significant 
increases in the expression of p150, 95. 
Conclusions: These results indicate that MBP stimulates the increased expression of neutrophil 
adhesion molecules, which in turn may enhance the inflammatory role of neutrophils in the 
late-phase events of allergic diseases. (J ALLeRaY CLm IMMVNOL 1993;92.'598-606.) 
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Abbreviations used 
ECP: Eosinophil cationic protein 

EDN: Eosinophil-derived neurotoxin 
]FMLP: N-formyl-methionyl-leucyl- 

phenylalanine 
Hepes: N-2-hydroxyethylpiperazine- 

N'-2-ethanesulfonic acid 
mAb: Monoclonal antibody 
MBP: Major basic protein 
MFC: Mean fluorescence channel 
PBS: Phosphate-buffered saline 

PBS-gel-azide: Phosphate-buffered saline 
(pH 7.4) containing 0.1% gelatin 
and 0.1% NaN 3 

Eosinophilic infiltration is characteristic of al- 
lergic reactions in the lungs, 1 nose, 2 and skin. 3 
Although a variety of eosinophil products contrib- 
ute to the pathogenesis of the allergic late-phase 
response, evidence has accumulated to indicate 
that major basic protein (MBP) may be a partic- 
ularly prevalent and important mediator in this 
context. MBP is a 13.8 kd cationic polypeptide 
with a predicted isoelectric point of 10.9.' MBP 
levels have been shown to be elevated in the 
serum and sputum of patients with bronchial 
asthma. 5 Increased levels of MBP have also been 
found in the nasal lavage fluid of late-phase 
responses after antigen challenge, 6 and there has 
been evidence of MBP deposition in lesions of 
atopic dermatitis. 7 Findings that prolonged expo- 
sure to high concentrations of MBP immobilized 
respiratory cilia s and that such exposure was cy- 
totoxic to respiratory epithelium 9 and human na- 
sal sinus mucosa 1° implied that the pathogenic 
role of MBP was a consequence of the cytotoxic 
properties of the molecule. Other studies, how- 
ever, have shown that micromolar concentrations 
of MBP stimulated histamine release from human 
basophils and rat mast cells in a noncytotoxic 
mannerJ~, 12 More recently, we demonstrated that 
noncytotoxic concentrations of MBP stimulated 
neutrophil chemiluminescence, as well as the re- 
lease of superoxide anion and lysozyme. 13 

Along with eosinophil-derived proteins, neutro- 
phils anti their granular proteins have been impli- 
cated as important contributors to the inflamma- 
tion of pulmonary, TM nasal, 15 and cutaneous 16" 17 
late-phase reactions. Essential early events in the 
initiation of the neutrophil component of the 
inflammatory response include the adherence of 
circulating neutrophils to the microvascular endo- 
thelium and subsequent transendothelial migra- 

tion to the inflammatory site. The processes of 
neutrophil adhesion and diapedesis are depen- 
dent on the increased expression of CDll/CD18 
molecules. 18 This family of molecules is com- 
posed of three members: LFA-1 (CDlla/CD18), 
CR3 (Mac-l; CDllb/CD18), and p150,95 
(CDllc/CD18). These molecules are glycoprotein 
heterodimers composed of a specific o~-subunit 
and a common 13-subunit (CD-18). Neutrophil 
expression of CR3 and p150,95 can be greatly 
increased by exposure to a number of different 
stimuli, including N-formyl-methionyl-leucyl-phe- 
nylanine (FMLP), platelet activating factor, and 
leukotriene B4 .19' 20 The latter two stimuli are 
synthesized and released by various inflammatory 
cells involved in allergic late-phase reactions? 1 

The expression of CR3 has been shown to be 
increased on circulating granulocytes in individu- 
als with antigen-induced asthma. 22 Given the ele- 
vated levels of MBP in the sputum and serum" of 
patients with asthma and our earlier findings that 
MBP activates neutrophils, 13 we postulated that 
MBP stimulation might also enhance neutrophil 
expression of both CR3 and other members of the 
CD11/CD18 family of adhesion molecules. 

METHODS 
Material 

The MBP, reduced and alkylated MBP, eosinophil 
cationic protein (ECP), and eosinophil-derived neuro- 
toxin (EDN) were prepared as described previously 23' 24 
and were generously provided by Dr. Gerald J. Gleich 
(Mayo Clinic and Foundation, Rochester, Minn.). Fi- 
coil, FMLP, and N-2-hydroxyethylpiperazine-N'-2- 
ethanesulfonic acid (Hepes) were purchased from 
Sigma Chemical Co. (St. Louis, Mo.). The monoclonal 
antibodies (mAbs) Leu-M5 (anti-CDllc), phycoeryth- 
rin-conjugated Leu-15 (anti-CDllb), and phycoeryth- 
rin-conjugated mouse IgG2a (isotype control for Leu- 
15) were purchased from Becton Dickinson Immuno- 
cytometry Systems (Mountain View, Calif.). CLB-171, 
which recognizes the a-chain of LFA-1, was purchased 
from Accurate Chemical and Scientific Corp. (West- 
bury, N.Y.). TS1/18, which recognizes the common 
B-chain CD18, was a gift from Dr. Robert Rothlein of 
Boehringer Ingelheim Pharmaceuticals, Inc. (Ridge- 
field, Conn.). The F(ab')2 goat anti-mouse IgG fluores- 
cein isothiocyanate was purchased from Tago, Inc. 
(Burlingame, Calif.). 

Determination of neutrophil 
CD11/CD18 expression 

The expression of CR3 on human neutrophils was 
determined by direct immunofluorescence with a phy- 
coerythrin-conjugated mAb (Leu-15) against CDllb 
and by flow cytometry. Neutrophils were isolated from 
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F|G. 1. Enhancement of neutrophil CA3 expression after stimulation with MBP or FMLP. The 
results are expressed as the mean 4- SEM of multiple experiments, each of which used cells from 
a different donor. For 0.75 ~mol/L MBP, n = 4; 1.5 ~mol/L, and 3.0 ~mol/k MBP, n = 13; FMLP, 
n = 8. *Significantly different from unstimulated neutrophils, O < 0.001. 

the venous blood of adult volunteers, of whom some 
were known to have positive IgE skin tests to aeroaller- 
gen extracts, by Ficoll-Hypaque density gradient centrif- 
ugation as described previously. 25 The neutrophils (106) 
were incubated in 100 p.l of Hepes-albumin-glucose 
buffer (pH 7.4) containing 0.6 mmol/L CaCI 2 and 1 
mmol/L MgC12 with the stated concentrations of MBP, 
reduced and alkylated MBP, ECP, EDN, or FMLP for 30 
minutes (or as indicated) at 37 ° C in a gently oscillating 
water bath. After incubation, the neutrophils were 
washed twice with 1 ml of ice-cold phosphate-buffered 
saline (PBS) (pH 7.4) containing 0.1% gelatin and 0.1% 
NaN 3 (PBS-gel-azide). After the second centrifugation, 
the cell pellet was resuspended in 40 p,l of phycoerythrin- 
conjugated Leu-15 for 30 minutes at 4 ° C. A 
phycoerythrin-conjugated mAb of the same IgG subclass 
as Leu-15 was used as a control for nonspeciflc fluores- 
cence. After incubation with the mAb, the cells were 
washed twice with 1 ml of PBS-gel-azide and were resus- 
pended in 0.2 ml PBS-gel-azide containing 1% parafor- 
maldehyde for flow cytometric analysis. 

The expression of CDl la ,  CDllc,  or CD18 was 
determined by indirect immunofluorescence and flow 
cytometry after incubation of the neutrophils with 
MBP, FMLP, or buffer alone as described above. The 
neutrophils were washed twice with PBS-gel-azide and 
incubated with 20 ~g/ml of the mAbs (CLB-171 for 
CDlla ,  Leu-M5 for CDllc,  or TS1/18 for CD18) in a 
total volume of 40 p.l for 30 minutes at 4 ° C. After two 
washes, the cells were incubated with 40 I*1 of F(ab')2 
fluorescein isothiocyanate-goat anti-mouse IgG (di- 
luted 1 : 50) for 30 minutes at 4 ° C. The cells were then 
washed and fixed with paraformaldehyde as described 
above for flow cytometric analysis. A purified mAb 
belonging to the same subclass as the specific mAb was 

used in each case to assess nonspecific fluorescence. 
Integral log green (fluorescein isothiocyanate) dr 

integral log red (phycoerythrin) fluorescence was mea- 
sured with an Epics C flow cytometer (Coulter Elec- 
tronics, Hialeah, Fla.). For each sample, 5000 cells were 
analyzed, and fluorescence intensity was displayed on a 
256-channel, 3-decade log scale delineated in arbitrary 
log units. Specific fluorescence associated with binding 
of antibody to the CD11/CD18 adhesion molecules was 
calculated by subtracting the mean fluorescence chan- 
nel (MFC) of the cells stained with the subclass control 
mAbs from the MFC of cells stained with specific mAb. 
An increase of 25 units in MFC represents a 100% 
increase in fluorescence intensity. 

Analysis of data 
After conversion of the MFC from a logarithmic to a 

linear value, the percent increase in the level of neu- 
trophil CDll /CD18 expression was calculated accord- 
ing to the formula: 

Increase in CDll/CD18 expression (%) = 

MFC of stimulated neutrophils - 
MFC of control 

x 100 
MFC of control 

The percent enhancement is expressed as the 
mean -+ SEM. Statistical analyses were performed with 
Student's t test. 

RESULTS 
Effect of MBP on neutrophil CR3 expression 

Incuba t ion  of  neutrophi ls  with 0.75 to 3 p, mol /L  
M B P  for 30 minutes  at 37 ° C p roduced  a concen-  
t ra t ion-dependent  increase in the level o f  CR3 
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expression, as detected by phycoerythrin-conju- 
gated Leu-15 staining. Fig. 1 shows that incuba- 
tion of neutrophils with 0.75 i~mol/L, 1.5 i~mol/L, 
and 3.0 p.mol/L MBP resulted in increases of 
11% +__ 5% (n = 4, p > 0.05), 53% +- 9% 
(n = 13, p < 0.001), and 100% --- 17% (n = 13, 
p < 0.001), respectively, in CR3 expression above 
unstimulal:ed neutrophils. The percent increase in 
CR3 expression stimulated by 100 nmol/L FMLP 
was 123% - 8% (n = 8, p < 0.001). The histo- 
grams in Fig. 2 are from a representative experi- 
ment and show that the fluorescence intensity on 
the neutrophil surface increased with increasing 
concentrations of MBP. In this experiment the 
MFC for unstimulated neutrophils was 114 and 
increased to 140 after stimulation with 3.0 Ixmol/L 
MBP. In the same experiment, incubation of 
neutrophils with 100 nmol/L FMLP increased the 
MFC to 145. 

Time course of MBP-stimulated 
CR3 expression 

The time course of CR3 upregulation of MBP- 
stimulated neutrophils was compared with that of 
FMLP-stimulated neutrophils in four experiments, 
each of which used neutrophils from a different 
donor (Fig. 3). At the earliest time point evaluated 
(2 minutes), neutrophils incubated with 3.0 ~mol/L 
MBP displayed an increase of approximately 20% 
in expression of CR3. In two of the four experi- 
ments, MBP-stimulated expression of CR3 had 
plateaued between the 15- and 30-minute time 
points. An additional experiment revealed that in- 
cubation of neutrophils with 3 p~mol/L MBP re- 
sulted in little increase of CR3 expression beyond 
that seen at the 30-minute time point (Fig. 3, inset). 
Neutrophils stimulated with 100 nmol/L FMLP 
showed kinetics of CR3 upregulation that were 
similar to the kinetics of MBP-stimulated neutro- 
phils. At each time point, the increased expression 
of CR3 stimulated by FMLP was significantly 
higher than that stimulated by MBP. 

Effect otf reduced and alkylated MBP, EDN, 
and ECP on neutrophil CR3 expression 

Previous results demonstrated that reduction 
and alkylation of the MBP molecule abrogated 
the abilhy of MBP to stimulate neutrophil activa- 
tion. ~3 Therefore the influence of reduced and 
alkylated MBP on CR3 expression was examined 
in the present study. Fig. 4 shows that neutrophils 
incubated with 1.5 ixmol/L, 2.0 ~mol/L, or 3.0 
~mol/L MBP resulted in concentration-depen- 
dent increases of 91% --- 6%, 112% _ 29%, and 
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FIG. 2. Histograms of flow cytometric measurement of 
neutrophil CR3 expression. Neutrophiis were incubated 
with MBP at 37 ° C for 30 minutes, and CR3 expression was 
assessed by phycoerythrin-conjugated Leu-15 staining. A, 
Unstimulated neutrophils. Neutrophils stimulated with: B, 
0.75 i~mol/L MBP; C, 1.5 I~mol/L MBP; D, 3.0 i~mol/L MBP; 
and E, 100 nmol/L FMLP. 

173% +__ 30% in CR3 expression, respectively, 
whereas incubation with reduced and alkylated 
MBP resulted in small increases (17% ___ 4%, 

16% +-- 8%, and 18% _-_ 6% for 1.5 i~mol/L, 2.0 
~mol/L, and 3.0 ixmol/L, respectively) in CR3 
expression, which were not affected by the con- 
centration of reduced and alkylated MBP. These 
small increases were not significantly different 
from the expression of CR3 on unstimulated neu- 
trophils. For all three concentrations, the increase 
in CR3 expression stimulated by native MBP was 
significantly (p < 0.05) higher than the increase 
stimulated by reduced and alkylated MBP. We 
have also previously shown that EDN and ECP 
did not stimulate neutrophil activation. 13 In the 
present study neutrophils incubated with 3.0 
~mol/L EDN or ECP did not increase the level of 
CR3 expression above that of unstimulated neu- 
trophils. In contrast, 3 p.mol/L MBP increased 
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FIG. 3. Time course of enhanced CR3 expression on neutrophils stimulated with MBP or FMLP. 
Neutrophils were incubated with 3 i~mol/L MBP or 100 nmol/L FMLP for the times indicated and 
stained with phycoerythrin-conjugated Leu-15. The results are the mean -+ SEM of four experi- 
ments, each of which used cells from a different donor. *,1"Significantly different from FMLP- 
stimulated neutrophils: *p < 0.05; l"p < 0.01: Inset: results of a fifth experiment. Neutrophils 
were incubated with 3 ixmol/L MBP for up to 60 minutes, and CR3 expression was determined by 
staining with phycoewthrin-conjugated Leu-15. 

CR3 expression by 104% and 73% in the same 
two experiments (data not shown). 

Effect of MBP stimulation on the expression 
of LFA-1 and p150,95 

On the basis of the CR3 findings, additional 
experiments were performed to determine 
whether neutrophil stimulation with MBP in- 
creased the expression of the other two members 
(LFA-1 and p150,95) of the CDll/CD18 family of 
adhesion molecules. In five experiments incuba- 
tion of neutrophils with 1.5 ~mol/L MBP in- 
creased the expression of CDl la  (a-subunit of 
LFA-1), CDllc,  and CD18 (common 13-subunit) 
by 3% --- 2%, 18% _ 8%, and 38% _ 10%, re- 
spectively (data not shown). The changes in ex-  

pression induced by 1.5 ~mol/L MBP of these 
three molecules were not significantly (p > 0.05) 
different than their baseline expression. In the 
same experiments 100 nmol/L FMLP increased 
the expression of CDlla,  CDllc, and CD18 by 
13% ___ 4%, 64% _ 18%, and 110% __+ 18%, re- 
spectively (data not shown). To assess the effect 
of MBP concentration on the expression of 
p150,95, neutrophils from another six donors were 
studied (Fig. 5). Incubation of neutrophils with 
0.5 to 1.5 ~mol/L MBP enhanced the expression 
of p150,95 by 7% - 2% to 33% --+ 5%, respec- 
tively. In the same experiments stimulation with 
100 nmol/L FMLP increased p150,95 expression 
by 44% _+ 8%. The increases in p150,95 expres- 
sion stimulated by all of the concentrations of 
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FIG. 5. The effect of MBP on neutrophil expression of p150,95. Neutrophils were incubated with 
the stated concentrations of MBP at 37 ° C for 30 minutes, and p150,95 expression was assessed 
by Leu-M5 staining and f low cytometry. The results shown are the mean - SEM of six experi- 
ments, each of which used cells from a different donor. *,1"Significantly different from unstimu- 
lated neutrophils: *p  < 0.05; l"p < 0.001. 

MBP and FMLP tested were statistically signifi- 
cant (19 < 0.05) when compared with p150,95 ex- 
pression on unstimulated neutrophils. 

DISCUSSION 

Arm et al .  22 have shown that the increased 
expression of neutrophil CR3 may be important in 

allergic asthma. Other investigators have demon- 
strated the importance of endothelial cell inter- 
cellular adhesion molecule-1 in the promotion of 
neutrophil, eosinophil, and basophil migration to 
sites of late-phase allergic reactions. 26' z7 Both 
CR3 and LFA-1 are counter-receptors for inter- 
cellular adhesion molecule-1 in neutrophil-endo- 
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thelial adhesion. 28" 29 Adherence to the endothe- 
lium and transendothelial migration of neutro- 
phils require the increased expression of CR3? ° 
Inflammatory mediators, such as platelet activat- 
ing factor and leukotriene B4, can increase neu- 
trophil CR3 expression. 31' 32 The present findings 
indicate that MBP may also contribute to the 
increased expression of this integrin. 

The degree of CR3 enhancement was directly 
related to the concentrations of MBP tested (0.75 
to 3 I~mol/L). These concentrations were chosen 
to approximate the concentrations of MBP de- 
tected in sputum of patients with asthma. In the 
study by Frigas et al? seven of the 25 hospitalized 
patients with asthma had MBP sputum levels 
greater than 10 ixg/ml (0.71 t~mol/L) including 
one patient with a level of 93 I~g/ml (6.7 ~mol/L). 
In our study incubation of neutrophils with 3.0 
ixmol/L MBP increased CR3 expression by two- 
fold to threefold. This was comparable to the 
increase seen with 100 nmol/L FMLP in the same 
experiments. A number of neutrophil stimuli, in- 
cluding C5a, leukotriene B4, and platelet activat- 
ing factor, are known to increase CR3 expression 
from twofold to 10-fold. 31' 32 Although some inves- 
tigators have reported an enhancement of CR3 
expression of as much as 14-fold with FMLP- 
stimulation, 31 others have reported a threefold to 
fourfold enhancement with FMLP. 32" 33 In our 
study MBP enhancement of CR3 expression was 
at the lower end when compared with previous 
reports on other neutrophil stimuli. This is con- 
sistent with our earlier report that MBP was a 
moderate agonist for neutrophil superoxide anion 
and lysozyme release. 13 

The time course of the MBP-stimulated in- 
crease in CR3 expression was similar to that 
previously reported ~9' 34 for F M L p  stimulation; 
Although the increase in CR3 expression had not 
plateaued at the 30-minute time point in two of 
the first four experiments, a fifth experiment 
showed that at 60 minutes there was only a 
minimal increase above the 30-minute time point. 
The rapid increase in CR3 expression (50% of 
maximal enhancement after 10 minutes of incu- 
bation) suggests that the mechanism of MBP- 
stimulated enhancement of CR3 is similar to that 
of other neutrophil agonists, specifically, the re- 
cruitment of CR3 from intracellular stores in the 
tertiary and specific granules. 35 • 

Like CR3 expression, p150,95 expression can 
also be augmented by neutrophil agonists. 31' 36 In 
our study MBP also enhanced the expression of 
p150,95 along with CR3. In the initial set of five 

experiments, incubation of neutrophils with 1.5 
ixmol/L MBP resulted in an increase of 
18% _+ 8% in the expression of CDllc.  Subse- 
quently, neutrophils from six donors other than 
the earlier five donors were used to assess the 
effect of MBP concentration on CDl lc  expres- 
sion. The difference in the percent enhancement 
( 1 8 % _  8% vs 3 3 % _  5%) stimulated by 1.5 
~mol/L MBP between the two sets of experiments 
most likely reflects donor variability. In addition 
to an increase in the expression of CDllc,  an 
increase in CD18 expression also occurred with 
MBP stimulation. Although CDl lc  increased by 
18% --- 8%, CD18 increased by 38% _+ 10%. The 
discrepancy could be explained by the assumption 
that an increase of CD18 (common 13-subunit) 
above the 18% for CDl l c  (a-subunit of p150,95) 
is needed to accompany the upregulation of the 
ot-subunit of CR3. The function of p150,95 is not 
well defined, but p150,95 might also act as an 
adhesion molecule for the binding of neutrophils 
to endothelial cells. 37 Thus the upregulation of 
both CR3 and p150,95 by MBP could greatly 
increase the adhesive properties of neutrophils. 

Neither MBP nor FMLP increased the expres- 
sion of LFA-1 in our study. Our findings are in 
agreement with what others have reported for the 
effect of neutrophil agonists on the expression of 
LFA-1. Although calcium ionophore A23187, 
FMLP, or C5a-desArg increased the expression of 
CR338 and p150,9536 by three to 10 times and two 
to three times, respectively, these stimuli had little 
to no effect on the expression of LFA-1. Given 
the above facts, the dose effects of MBP were not 
studied for LFA-1. 

Among the eosinophil granule cationic proteins 
tested, the unique effect of MBP on neutrophil 
CR3 expression was underscored by the results 
obtained with ECP and EDN. Neither ECP 
(which is similar to MBP in molecular weight, 
isoelectric point, and arginine content 4) nor EDN, 
at concentrations equal to the highest concentra- 
tion of MBP tested, enhanced CR3 expression. 
The present results also Show that after reduction 
and alkylation, the ability of MBP to enhance 
CR3 expression was reduced by 80% to 90%. 
Whereas the increase in CR3 expression corre- 
lated with increasing concentrations of native 
MBP, the small degree of CR3 upregulation stim- 
ulated by the same th ree  concentrations of re- 
duced and alky!ated MBP did not occur in a 
concentration-dependent manner. These findings 
are in full agreement with our previous report 
that reduced and alkylated MBP, ECP, and EDN 
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did not stimulate neutrophil a c t i v a t i o n .  13 This is 
also consistent with the initial findings that re- 
duced and alkylated MBP, ECP, and EDN did not 
mimic the ability of MBP to stimulate basophil 
histamine release. 12 The same findings have also 
been reported for MBP activation of platelets. 39 
Together with the failure of ECP or EDN to 
activate neutrophils, these findings suggest that 
the conformation of the molecule, rather than 
simply the primary structure or ionic charge, may 
be important in the activation of neutrophils by 
MBP. 

Subsequent to the initial studies that identified 
MBP as a noncytotoxic activator of basophils and 
mast cells,"' 12 additional evidence has been pro- 
vided by others to substantiate that MBP is more 
than merely a cytotoxic mediator in allergic dis- 
eases. MBP has been shown to stimulate human 
platelets, 39 and noncytotoxic concentrations of 
MBP have been shown to enhance respiratory 
smooth muscle contractility. 4° The present study 
demonstrates that MBP enhances CR3 and 
p150,95 expression. Although we did not test the 
neutrophils for viability after stimulation with 
MBP in these experiments, we previously showed 
that 1.5 gmol/L MBP did not cause cytotoxicity as 
assessed lay lactate dehydrogenase release. 13 Ad- 
ditionally, we have recently found that 2 ~mol/L 
and 5 i~mol/L concentrations of MBP were not 
cytotoxic to neutrophils as assessed by chromium 
51 release experiments. 4a 

Together with our previous report that MBP 
stimulates neutrophil secretory processes, ~3 these 
findings provide further evidence for the noncy- 
totoxic role of MBP in allergic diseases. In con- 
junction with the induction of release of toxic 
oxygen radicals and Iysozyme, the upregulation of 
adherence molecules suggests important roles for 
the interaction of MBP and neutrophils in the 
late-phase allergic response. 

We thank Lisa Wilhelm for preparation of the manu- 
script. 
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