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We have investigated the activity of the four principal cationic proteins of the eosinophil 
granules, major basic protein (MBP), eosinophil peroxidase (EPO), eosinophil-derived 
neurotoxin, and eosinophil cationic protein on histamine release from human skin mast cells. 
These four cationic proteins, over the concentration range of 10 to 200 &ml, did not induce 
signiJcant histamine release, nor did they prime anti-IgE-induced histamine release from 
human skin mast cells significantly. However, a brief incubation (15 minutes) of two of the four 
principal eosinophil granule proteins, MBP and EPO, at concentrations of 50 to 200 ccglml, 
caused a significant concentration-related inhibition of histamine release induced by 30 pmollL 
substance P. The concentrations producing 50% inhibition for MBP and EPO on substance 
P-induced histamine release were 30 &ml and 100 &ml, respectivety This inhibitory effect 
appears to be a direct effect of these proteins on skin mast cells because purified (78% to 85%) 
skin mast cells displayed a similar response to MBP and EPO (n = 4). Also, when skin mast 
cells were incubated with 100 pglml MBP and EPO for 15 minutes and washed twice before 
activation by substance P the inhibitory effect was not altered. These two proteins also inhibited 
histamine release induced by 10 ).&ml compound 48lg0, These results suggest that MBP and 
EPO affect the same binding site(s) on skin mast cells as those of substance P. (.I ALLERGY 
CLIN hC4UNOL 1994;93:900-9.) 
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An association between activated eosinophils 
and mast cells has been described in the pathol- 
ogy of allergic diseases such as bronchial asthma’ 
and urticaria.’ The granules of eosinophils con- 
tain an abundance of highly basic proteins, which 
are released into the extracellular fluid on activa- 
tioq3-’ where they are cytotoxic to both mamma- 
lian and nonmammalian cells.6 These proteins are 
able to exert a variety of biologic actions.’ 
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Abbreviations used 
ECP: Eosinophil cationic protein 
EDN: Eosinophil-derived neurotoxin 
EPO: Eosinophil peroxidase 
FCS: Fetal calf serum 

HBSS: HEPES buffered salt solution 
HEPES: N-2-hydroxyethyl-piperazine- 

N’-Zethanesulfonic acid 
MBP: Major basic protein 

MEM: Eagle’s minimum essential medium 
SPA: Substance P antagonist, [D-Pro4, 

D-Trp7~9~‘0]SP,~,, 

Initial studies of the histamine-releasing abili- 
ties of eosinophil granule proteins focused on the 
ability of major basic protein (MBP) to induce 
histamine release from human leukocytes and rat 
mast cells.* Native MBP at concentrations of 
5 x lo-’ to 7.5 x 1o-6 mol/L initiated IgE-inde- 
pendent, concentration- and temperature-depen- 
dent, noncytolytic histamine release from human 
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leukocytes and rat peritoneal mast cells, which 
required both calcium and metabolic energy. 
Eosinophil peroxidase (EPO) exhibits pro- 
nounced cytotoxic activity when combined with 
hydrogen peroxide and a halide, and it has been 
shown to be an initiator of rat mast cell degranu- 
lation.’ AlthLough the amino acid sequences of 
eosinophil-derived neurotoxin (EDN) and eosino- 
phi1 cationic protein (ECP) show a 70% homo- 
logy,‘” ECP but not EDN stimulated histamine 
release from rat mast cells.” Neither ECP nor 
EDN induced histamine release from human ba- 
sophils.” 

Studies showing the marked deposition of MBP 
in chronic, idiopathic urticaria,” atopic dermati- 
tis,‘” onchocerciasis,‘4 episodic angioedema with 
eosinophilia.,‘5 and the IgE-mediated late-phase 
reaction’” have provided evidence that eosinophil 
granule proteins are released and could contrib- 
ute to local inflammatory processes in these dis- 
eases either directly or indirectly by activating 
other inflammatory cells. 

Evidence suggests a direct link between neu- 
ropeptides, mast cells, and some forms of urti- 
caria. First, substance P induces a wheal-and-flare 
reaction when injected intradermally.17’ I8 Second, 
substance P has been shown to cause histamine 
release from human dispersed skin mast cells.19, *O 
Third, the lsubstance P antagonist [D-Pro4, D- 
TrP 7, 9, ‘O]SP,, 1 (D-Pro-Gln-Gln-D-Trp-Phe-D- 
Trp-D-Trp-Met-NH,) (SPA), inhibited not only 
histamine release from dispersed skin mast cellsZ1 
but also the flare reaction induced by substance 
P.” Finally, provocation challenge of patients with 
either cold-induced, heat-induced, or cholinergic 
urticaria leads to an elevation in the amounts of 
histamine in the venous blood drawn from the 
challenged but not the control arm,23-Zs which 
does not occur after depletion of cutaneous neu- 
ropeptides with capsaicin.“j 

Although it has been reported that intradermal 
injections of MBP, ECP. EDN, and EPO all pro- 
duced dose-dependent wheal-and-flare reactions 
in human skin,” the effects of these proteins have 
not been tested directly on human cutaneous mast 
cells. We hypothesized that one or more of these 
proteins may be a human skin mast cell secreta- 
gogue or may prime mast cells for histamine 
release by other agents. To examine these hypoth- 
eses we incubated human dispersed skin mast 
cells with each of the eosinophil proteins and 
measured histamine in the supernatant. We also 
preincubated skin mast cells with eosinophil pro- 

teins before the induction of histamine release 
with anti-IgE and substance P. 

METHODS 
Reagents 

The following materials were purchased: collagenase 
(type I), hyaluronidase (type I), bovine serum albumin 
(fraction V), compound 48/80, dimethylsulfoxide, sub- 
stance P (Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu- 
Met-NH,), N-2-hydroxyethyl-piperazine-N’-2-ethane- 
sulfonic acid (HEPES), penicillin-streptomycin and 
o-phthaldialdehyde (Sigma, Poole, U.K.), fetal calf 
serum (FCS), RPM1 1640 medium, Eagle’s minimum 
essential medium (MEM) containing 25 mmol/L 
HEPES and L-glutamine (Life Technologies Ltd., Pais- 
ley, U.K.), Dulbecco’s modified Eagle’s medium 
(Northumbria Biological Ltd., Cramlington, U.K.), Per- 
co11 (Pharmacia, Uppsala, Sweden), SPA (Peninsula 
Laboratories, Inc., Belmont, Calif.), sheet antihuman 
IgE (Serotec, Oxford, U.K.). All other chemicals were 
purchased from BDH (Poole, U.K.). 

Buffer 

The HEPES buffered salt solution (HBSS) consisted 
of NaCI, 137 mmol/L; glucose, 5.0 mmol/L; NaH,PO,, 
0.4 mmol/L; KCl, 2.7 mmol/L; MgCl,, 0.5 mmol/L; 
CaCl,, 1.8 mmol/L; and HEPES, 10 mmol/L. The pH 
was adjusted to 7.2 with 2 mol/L NaOH and 1.0% FCS 
added. 

Purification of eosinophil granule 
basic proteins 

The four proteins, MBP, EPO, ECP, and EDN, which 
constitute the main basic proteins of the specific eosin- 
ophil granule, were purified to homogeneity from eo- 
sinophils of patients with peripheral blood eosinophilia 
as previously described.a‘w MBP was stored in aliquots 
at -70” C in 0.025 mol/L sodium acetate, 0.15 mol/L 
NaCl (pH 4.3)’ EDN, ECP, and EPO were stored in 
aliquots at - 70” C in phosphate-buffered saline.” Ali- 
quots were thawed immediately before use, and re- 
peated freezing and thawing steps were avoided. 

Dispersal of human skin cells 

Skin mast cells were dispersed from foreskins ob- 
tained at circumcision by an enzymatic procedure de- 
scribed previously.” Foreskin specimens from boys 
aged 1 to 9 years were placed immediately in RPM1 
1640 medium, stored at 4” C!, and used within 24 hours 
of circumcision. The specimens were chopped with 
scissors into fragments of 0.5 to 2.0 mm3, washed twice 
with MEM containing 2.0% FCS (MEM/FCS), and 
incubated (75 minutes, 37” C) in the same buffer (1 gm 
tissue per 15 ml buffer) containing 1.5 mg collagenase, 
0.75 mg hyaluronidase, and 25 mg bovine serum albu- 
min per milliliter. Cells dispersed by this procedure 
were separated from undissociated tissue by filtration 
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FIG. 1. Concentration-response curves in the dispersed 
skin mast cells with MBP (a), EPO (m), EDN (A), and ECP 
(+) in concentrations from 10 kg/ml to 200 pg/ml (n = 4). 
Skin mast cells were incubated at 37” C for 30 minutes 
with the indicated concentration of eosinophil granule 
proteins. Results are expressed as means f SEM. To 
show the activity of MBP, concentration-response curves 
on the basophils of two individuals are shown (A--A, 
o----n). Results of basophil studies are expressed as per- 
cent net of histamine release (mean of duplicate determi- 
nations from one to three experiments on each donor). 

through nylon gauze (150 km) and washed five times 
with MEM/FCS containing 200 U penicillin and 200 kg 
streptomycin per milliliter by centrifugation at 5OOg for 
8 minutes at 20” C. Mast cell numbers were counted in 
a Neubauer hemocytometer after metachromatic stain- 
ing with Kimura stain?’ With this procedure, approxi- 
mately 1.0 + 0.1 X lo6 mast cells per gram of skin in a 
purity 5% were obtained. 

Purification of human skin mast cells 

Skin mast cells were purified by density sedimenta- 
tion through Percoll. Dispersed cells were resuspended 
in MEMiFCS and layered onto a discontinuous gradi- 
ent of 60% to 80% isotonic Percoll (density 1.076 to 1.1 
gm/ml) and centrifuged at 500g and 4” C for 20 minutes. 
The mast cells obtained from the bottom of the gradi- 
ent and 70% to 80% Percoll interface were approxi- 
mately 80% pure.19 

Short-term culture of skin mast cells 

Dispersed skin cells or purified skin mast cells were 
resuspended in Dulbeco’s modified Eagle’s medium 
supplemented with 2 mmol/L L-glutamine, 200 U pen- 
icillin and 200 kg streptomycin per milliliter, and 10% 
FCS. Cells were cultured at 2 x lo5 mast cells per 

milliliter in 25 cm* tissue culture flasks in humidified 
95% air, 5% CO, at 37” C for 12 to 16 hours. Cells were 
washed three times in Ca*+, Mg+-free HBSS at 20” C, 
counted after Kimura staining, and resuspended in an 
appropriate volume of HBSS before experimental use. 

Mixed leukocyte preparation 

Peripheral blood from informed volunteers was an- 
ticoagulated with 5 mmol/L ethylenediaminetetraacetic 
acid mixed with 0.25 vol of 6% wt/vol dextran, and 
erythrocytes were allowed to sediment for 90 minutes at 
room temperature?* The plasma layer containing leu- 
kocytes and platelets was removed, and the leukocytes 
were pelletized by centrifugation at 1OOg for 10 minutes 
at room temperature, washed three times with Ca*+, 
Mg2’-free-HBSS, and resuspended in HBSS for use in 
the histamine release assay. Basophil numbers were 
assessed by counting in a Neubauer hemocytometer 
after metachromatic staining with Kimura stain (purity 
was approximately 1%). 

Histamine release and assay 

Histamine release was assessed in duplicate cell 
suspensions containing 2 x lo4 basophils or mast cells. 
Before exposure to eosinophil granule proteins or 
secretagogues, cells were warmed to 37” C for 10 
minutes. In release experiments 90 ~1 samples of cell 
suspension were incubated with 10 ~1 of eosinophil 
granule proteins for 30 minutes. In priming experi- 
ments on skin mast cells, 80 ~1 samples of cell suspen- 
sion were incubated for 15 minutes with 10 ~1 of 
eosinophil granule proteins before stimulation of hista- 
mine release with 10 p,l of secretagogue, to produce a 
final concentration of 30 pmol/L substance P, 3% anti- 
IgE, or 10 &ml compound 48/80. Release reactions 
were terminated 15 minutes after stimulus addition by 
addition of 900 ~1 of ice-cold Ca’+, Mg*+-free HBSS 
and centrifugation at 250g for 10 minutes at 4” C. The 
supernatant was acidified with 5% trichloroacetic acid, 
and histamine was measured spectrofluorimetrically.33 
Spontaneous release was estimated in duplicate tubes 
to which no stimuli had been added. Total histamine 
release was measured in parallel duplicate tubes by 
disrupting the cells in 5% trichloroacetic acid. Net 
histamine release by stimuli was expressed as a percent- 
age of total histamine and corrected for spontaneous 
release. 

Washing of skin mast cells before activation 

In studies to investigate the point of action of MBP 
and EPO on substance P- and anti-IgE-induced his- 
tamine release, 80 ~1 samples of skin mast cell sus- 
pension were incubated with 10 ~1 of MBP and EPO 
for 15 minutes at 37” C and then washed twice with 
900 ~1 of HBSS (at 37” C) by centrifugation at 5OOg 
for 5 minutes at 37” C. The first supematant was saved 
for histamine assay. The cell pellets were resuspended 
in 90 ~1 of HBSS and immediately exposed to 10 ~1 
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FIG. 2. Effects of eosinophil granule proteins on anti-IgE-and substance P-induced histamine 
release. Ceils were preincubated with 100 kg/ml MSP, EPO, EDN, or ECP for 15 minutes and then 
challenged by 30 pmol/L substance P or 3% anti-IgE. Each result is the mean + SEM of four 
experiments. Spontaneous release from skin mast cells was 8.0% ? 1.0%. Asterisks refer to 
significant difference between net control histamine release and net histamine release eosinophil 
granule protein treated (*p < 0.05). 

of substance P, to produce a final concentration of 
30 pmol/L. 

Substance P antagonist studies 
In studies of the effects of SPA on secretagogue- 

induced histamine release, 80 ~1 samples of cell sus- 
pension were incubated with 10 ~1 of antagonist for 15 
minutes at 3’7” C before addition of 10 t.~l of secreta- 
gogue. Histamine reactions were allowed to proceed for 
15 minutes at 37” C before termination as described 
above. 

Statistical analyses 
Results are expressed as means -t- SEM. Differences 

between means were tested for significance with Stu- 
dent’s I test for paired data. Differences were consid- 
ered significant when the p value was less than 0.05. 

RESULTS 
Effect of eosinophil granule proteins on 
human skin mast cells and basophils 

Incubation of dispersed skin mast cells with 10 
to 200 &ml of MBP, EPO, ECP, or EDN did not 
produce significant histamine release. Results of 
four experiments, each of which used skin mast 
cells from a different donor, are shown in Fig. 1. 
The highest concentration, 200 @ml, of MBP, 
EPO, ECP, and EDN caused 2.7% + l.l%, 
1.4% + 0.4%, 3.5% * 0.9%, and 1.5% + 0.4% 
net histamine release, respectively. Incubation 
with the vehicle used to dissolve MBP did not 
affect the spontaneous release. Human basophils 
showed an MBP-induced concentration-depen- 
dent histamine release. Because leukocyte sensi- 
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FIG. 3. Concentration-related inhibition of substance 
P-induced histamine release from human dispersed skin 
mast cells (purity was 2% to 5%) (A) and purified skin 
mast cells (purity was 78% to 85%) (6) by MBP (0) or EPO 
(0). Each result is the mean + SEM of five (A) and four (B) 
experiments. Mean net control histamine releases by sub- 
stance P from dispersed skin cells and purified skin mast 
cells vvere 10.8% f 1.3% and 8.4% + 0.6%, respectively. 
Spontaneous releases from dispersed skin cells and puri- 
fied skin mast cells were 4.0% 2 1.5% and 6.8% + 0.4%. 
respectively. Asterisks refer to significant’ difference be- 
tween net control histamine release and net histamine 
release after MBP or EPO treatment (*p c 0.05). 

tivity to MBP differed for individual donors, the 
concentration-response curves from two donors 
are shown in Fig. 1. Histamine release values of 
14.5% and 7.9% were obtained from two individ- 
ual donors’ leukocytes by MBP, 150 Fg/ml. In 
contrast, ECP, 10 to 150 kg/ml and EDN, 10 to 
150 pg/ml, did not induce a significant histamine 
release even from the donors whose basophils 
were sensitive to MBP (data not shown). 

Effect of eosinophil granule proteins on 
antAgE- and substance P-induced 
histamine release 

To investigate the possible priming effect of 
eosinophil granule proteins, skin mast cells were 
incubated with 100 p&ml of each granule protein 
for 15 minutes before activation with anti-IgE 
(3%) or substance P (30 ~mol/L,). As can be seen 
in Fig. 2, in four experiments with cells from four 
different donors, two of the four cationic proteins 
of eosinophil granule, MBP and EPO, inhibited 
substance P-induced histamine release signifi- 
cantly (p c 0.05) by 61% + 10% and 72% 
+ 13%. However, none of these proteins showed 
a significant effect on anti-IgE-induced histamine 
release. The vehicles of these proteins themselves 
did not affect substance P-induced histamine 
release. 

Concentration-response study 

Fig. 3, A shows the results of the concentration- 
response studies in which the skin mast cells were 
preincubated for 15 minutes with MBP or EPO 
before addition of 30 pmol/L substance P. These 
two proteins, 10 to 200 ug/ml, inhibited histamine 
release in a concentration-dependent manner. 
Both MBP and EPO in concentrations of 50, 100, 
and 200 n&ml caused a significant inhibition of 
substance P-induced histamine release (p < 0.05, 
n = 5); a concentration of 100 I&ml showed 
74% + 3% and 50% + 5% inhibition, respec- 
tively. The concentrations producing 50% inhibi- 
tion for MBP and EPO on substance P-induced 
histamine release were approximately 30 ug/ml 
and 100 &ml, respectively. 

MBP and EPO on purified skin mast cells 

To establish that the inhibitory effect of MBP 
and EPO on substance P-induced histamine re- 
lease was due to a direct effect of these proteins 
on human skin mast cells, four experiments were 
performed with preparations of enriched (78% to 



J ALLERGY CLIN IIWMUNOL 
VOLUME 93. NUMBER 5 

Okayama et al. 905 

FIG. 4. Effect of washing of cells preincubated with MBP before stimulation. Ceils were incu- 
bated with MBP, 100 pg/ml, for 15 minutes and washed and then challenged by substance P or 
anti-IgE for 15 minutes. Each result is the mean -r- SEM of four experiments. Control histamine 
release with substance P alone was 14.8% f 1.4%. and control histamine release from washed 
cells with substance P alone was 12.3% + 0.8%. Spontaneous release from skin mast cells was 
9.1% + 1 .O%. Asterisks refer to significant difference between net control histamine release and 
net histamine release after MBP treatment (*p < 0.05). 

85%) human. skin mast cells. Incubation with 10 
to 200 Fg/rnl MBP and EPO resulted in 14% to 
68% and 21% to 66% inhibition of substance 
P-induced histamine release respectively, similar 
to that seen :in unpurified cells (Fig. 3, B). At the 
concentrations of 50, 100, and 200 &ml both 
MBP and EPO showed a significant inhibition 
(p < 0.05). 

Effect of washing of cells before activation 

To determine whether MBP or EPO acts on the 
mast cell or whether MBP or EPO interacts with 
substance P, skin mast cells were incubated with 

100 Kg/ml MBP or EPO for 15 minutes and 
washed twice before activation by substance P. In 
four experiments, each of which used skin mast 
cells from a different donor, a brief incubation 
with MBP before activation by substance P pro- 
duced 53% + 7% inhibition of histamine release 
(Fig. 4). However, when skin mast cells were 
incubated with MBP and then washed before 
exposure to substance P, an inhibition of 
73% k 3% was observed. The difference between 
these inhibitory values is likely to reflect the 
practical loss of histamine during washing and 
resuspension procedures rather than a true in- 
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FIG. 5. Effect of MBP or EPO on compound 48/80-in- 
duced histamine release. Cells were incubated with MBP, 
100 pg/ml, or EPO, 100 pg/ml, or SPA, 30 wmol/L for 15 
minutes and then challenged with compound 48/80, 10 
pg/ml for 15 minutes. Results are means + SEM of three 
experiments. Spontaneous release from skin mast cells 
was 8.2% + 2.1%. Asterisks refer to significant difference 
between net control histamine release and net histamine 
release after MBP or EPO or SPA treatment (*p < 0.05). 

crease in the inhibitory effect of substance P. In 
three similar experiments, EPO, 100 &ml, pro- 
duced 52% 2 10% inhibition of substance P- 
evoked histamine release. When skin mast cells 
were incubated with 100 ug/ml EPO for 15 min- 
utes and washed twice before activation by sub- 
stance P, the inhibitory effect was not altered, 
being 54% + 3% (data not shown). In four ex- 
periments (Fig. 4), we confirmed that MBP 
caused a small but nonsignificant increase of anti- 
IgE-induced histamine release, probably as a re- 
sult of the additive effects of immunologic release 
and the small amount of histamine release in- 
duced by MBP. 

Effect of MBP and EPO on compound 
48/80-induced histamine release from skin 
mast cells 

MBP and EPO also inhibited histamine release 
by compound 48180 (Fig. 5), which we have pre- 
viously found to induce calcium-independent his- 
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tamine release from human skin mast cells.“* ‘l In 
four experiments histamine release induced by 10 
l&ml compound 48/80 was reduced by 100 pg/ml 
MBP, from 14.4% + 1.3% to 4.3% + l.O%, a 
reduction of 71% ? 5% @ < O.OS), and by 100 
ug/ml EPO, from 14.4% + 1.3% to 4.8% f 1.3%, 
a reduction of 65% + 12% @ c 0.05). In these 
experiments as a positive control, histamine re- 
lease by compound 48180 was reduced from 
14.4% 2 1.3% to 6.3% + 0.5% in the presence 
of SPA, a reduction of 55% + 6% (p c 0.05). 

DISCUSSION 

We have shown that the four eosinophil cat- 
ionic proteins, MBP, EPO, ECP, and EDN at 
concentrations of 10 to 200 kg/ml did not induce 
significant histamine release from isolated human 
skin mast cells. These data reveal biochemical 
heterogeneity among human histamine-containing 
cells because previous studies on basophils have 
demonstrated that MBP selectively produced his- 
tamine release, whereas ECP and EDN did not.” 
Polymers (> 13.9 kd) of L-arginine or L-lysine 
stimulate histamine release,8, 34 but other basic 
proteins including substance P,35 compound 48/80, 
and polymyxin B36 do not stimulate histamine 
release from human basophils. In contrast, human 
skin mast cells are unique among mast cells dis- 
persed from human tissues in releasing histamine 
in response not only to polymers of L-arginine or 
L-lysine but also to substance P, vasoactive intes- 
tinal peptide, somatostatin, compound 48/80, and 
morphine.“, 21 The ability of neuropeptides and 
basic proteins to induce histamine release in hu- 
man skin mast cells is closely correlated to hista- 
mine release activity from rat peritoneal mast 
cells. However, both MBP and ECP, but not EDN, 
stimulated histamine release from rat purified 
peritoneal mast cells,‘l although rat mast cell 
degranulation by EPO required exogenously 
added hydrogen peroxide and halide.’ 

The four eosinophil proteins did not prime 
anti-IgE-induced histamine release from human 
skin mast cells. We confirmed, using a washing 
procedure, that the small increase in anti-IgE- 
induced histamine release after incubation with 
MBP was due to an additive effect of the two 
stimuli. However, a brief incubation with MBP 
and EPO caused a significant inhibition of sub- 
stance P-induced histamine release in a concen- 
tration-dependent manner. Furthermore, the re- 
sults obtained with the use of purified skin mast 
cells and a washing procedure before activation of 
cells by substance P indicate that the inhibitory 
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effects are due to a direct influence of MBP and 
EPO on skin mast cells. 

The inhibitory effect on substance P-induced 
histamine release by MBP or EPO is not simply 
due to the highly cationic nature of the proteins 
because ECP and MBP have essentially identical 
isoelectric point values.37 These results are in 
agreement with those published by O’Donnell et 
al.H who investigated the MBP-induced histamine 
release fro:m peripheral leukocytes. Mild reduction 
and alkylation of MBP reduced its ability to induce 
histamine :release from basophils. The distinct se- 
lectivity of MBP as an initiator of basophil hista- 
mine release and the effects of reduction and alky- 
lation argued against net positive charge and high 
arginine content as the sole determinants of the 
biologic activity. The inhibitory effect of EPO in 
skin mast cells is unlikely to be due to its enzymatic 
activity because its substrates, hydrogen peroxide 
and halide., were not present in the incubates. In 
this regard., the inhibitory effect of substance P-in- 
duced histamine release, by EPO differs from the 
EPO mechanism of rat peritoneal mast cell activa- 
tion.’ Substance P has a high positive charge; its 
isoelectric point is approximately 9.4 because the 
C-terminal arginine and lysine groups are both 
charged at physiologic pH. Thus the eosinophil 
granule proteins are not likely to interact with sub- 
stance P, a finding confirmed by the observation 
that in skin mast cells incubated with 100 p&ml 
MBP or EPO for 15 minutes and washed twice 
before activation by substance P, the inhibitory ef- 
fect was not altered. However, it is possible that 
their cationic charge serves to attract the four eosi- 
nophil cationic proteins to the negatively charged 
cell surface whereupon the apolar residues insert 
into and perturb the lipid milieu. 

Our previous studie? demonstrated that the 
similar characteristics of histamine release in- 
duced by substance P and compound 48180 sug- 
gest that they share a common pathway of activa- 
tion-secretion coupling. MBP and EPO also in- 
hibited compound 48/80-induced histamine 
release. These results suggest that MBP, EPO, 
and substance P may all combine with a common 
cell-surface activation site of low affinity and poor 
specificity, the latter being an agonist, whereas the 
eosinophil proteins are essentially antagonists 
with only very weak agonist activity. A recent 
report by Rohrbach et aL3” showed that MBP and 
EPO were platelet agonists with an activation 
mechanism distinct from that of thrombin and 
supports our findings that these two granule pro- 
teins share a common pathway of activation-se- 

cretion coupling. Studies by Zheutlin et a1.,3y who 
attempted to further characterize the molecular 
basis for MBP-induced histamine release from 
basophils, have shown that it is pharmacologically 
sensitive to inhibition by a calmodulin antagonist, 
theophylline, pertussis toxin, and 4-bromophena- 
cyl bromide but not by a protein kinase C inhibi- 
tor, H-7. In skin mast cells, substance P-induced 
histamine release is inhibited by a P-adrenoceptor 
agonist, protein kinase C inhibitors, cyclic adeno- 
sine monophosphate-dependent protein kinase A 
inhibitor H-89, pertussis toxin, and isobutylmeth- 
ylxanthine but not by forskolin (El-Lati SG, 
Church MK. Unpublished observations). Al- 
though the nature of the activation site on human 
skin mast cells has not been elucidated, studies in 
rat mast cells have suggested that basic secreta- 
gogues, such as substance P and compound 48/80, 
may interact directly with membrane-associated G 
proteins involved with activation-secretion cou- 
pling, thus bypassing classical receptors.4”-42 

Localization of MBP in skin lesions of chronic 
urticaria, atopic dermatitis, and allergic late- 
phase reactions has implicated this protein as a 
participant in the inflammatory events of allergic 
diseases.‘z3 ‘3X I6 Also, the cytotoxic properties of 
MBP and EPO provide a well established basis 
for proinflammatory activities of these molecules. 
However, mast cell activation does not appear to 
be one of these effects at concentrations demon- 
strated in the serum of atopic patients with eosi- 
nophilia43 or asthma4 and in sputum of patients 
with asthma.45 At higher concentrations, which 
may occur focally in allergic disease, MBP and 
EPO may even act as local mast cell-stabilizing 
agents. 
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Inhibition of mast cell medirttor secretion 
induced by protoporphyrin plus long-wave 
ultraviolet light: A morphometric and 
ultrastructural analysis 

An Yen, MD, Odile Mathieu-Costello, PhD, Irma Gigli, MD, and 
Kim E. Barrett, PhD San Diego, Calif: 

II has been shown that treatment of rat peritoneal mast cells with protopophyrin plus 
long-wave ultraviolet light (WA) irradiation can suppress mediator secretion. In this study we 
conducted a morphomenic and ultrastructural analysis of rat peritoneal mast cells to investigate 
possible alterations produced by this treatment before or after stimulation with calcium 
ionophore. Protoporphyn’n plus WA, at doses causing inhibition of mediator release, had no 
e#ect on either cell size or viability but increased cellular spheric@. There was a 43% reduction 
oj the cell surface area, and qualitative inspection of the cells revealed that this change was 
associated with a reduction in microfolds on the cell surface. After 1 minute of incubation with 
calcium ionophore A23187 (1 pmollL), both cells that were pretreated with protopo~hyrin 
pius WA and control celkr showed dramatic changes in granule structure. Although treated 
cells had an unchanged tendency to have granules that closely approached the plasma 
membrane, there was an inhibition of granule extrusion in response to ionophore stimulation. 
These observations may be relevant to the inhibitory effect of protoporphyrin plus WA on the 
generation and release of mast cell mediators. (J ALLERGY CLIN ZMMUNOL 1994;93:909-18.) 

Key words: Mast cells, protoporphyrin, long-wave ultraviolet light, plasma membrane, 
morphology, morphometly 

We have previously shown that the treatment of 
rat peritoneal mast cells (RPMCs) with the en- 
dogenous photosensitizer protoporphyrin, plus 
long-wave ultraviolet light (UVA) irradiation, can 

From the Department of Medicine, University of California, 
San Diego, School of Medicine. 

Supported by grants from the National Institutes of Health 
(A120476, A124992, and HL17331) and a Dermatology 
Foundation Fellowship to Dr. Yen, sponsored by Hoechst- 
Roussel Pharmaceuticals. 

Received for publication Mar. 25, 1993; accepted Nov. 9, 1993. 
Reprint requests: Kim E. Barrett, PhD, UCSD Medical Cen- 

ter, 8414, 200 West Arbor Dr., San Diego, CA 92103-8414. 
Copyright 6 1994 by Mosby-Year Book, Inc. 
0091-6749/94 $3.00 + 0 l/1/52807 

inhibit the release of histamine and generation of 
prostaglandin Dz induced by compound 48/80, 
calcium ionophore A23187, or antigen. This in- 
hibitory effect is partially dependent on extracel- 
lular calcium, is noncytotoxic, and is apparently 
unrelated to the generation of reactive oxygen 
species.l We and others have also shown that 
another photosensitizer, methoxsalen, plus UVA, 
inhibits skin test responses to mast cell degranu- 
lators in human subjects.2-4 However, the mecha- 
nism by which photoactive substances inhibit mast 
cell activation remains unclear. Protoporphyrin 
plus UVA (PPAJVA) can inhibit mast cell media- 
tor release stimulated by a phorbol ester, implying 
that the treatment acts on steps in the stimulus- 


