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Background: In allergic rhinitis, metachromatic cells in the nasal epithelium increase in 
number and are thought to play an important role in nasal allergic manifestation. 
Methods: To determine immunohistochemical and functional characteristics of  the 
metachromatic cells, nasal scrapings and their dispersed cells from patients with perennial 
allergic rhinit& were studied. 
Results: Eighty-three percent of  all metachromatic cells in dispersed cell preparations were 
tryptase-positive mast cells (MCr) , 10% were tryptase-chymase-positive cells (MCTc), and 7% 
were negative (n = 10). The mean histamine content per metachromatic cell was 1.9 +_ 0.2 
pg. The histamine content and histamine release from nasal surface scrapings of patients 
sensitized with mite antigen were strongly correlated with the level of serum lgE antibody for 
mite antigen. The net histamine release from nasal scrapings was antigen-dose-dependent 
(1:2 × 107 to 1:2 × 10 ~ dilution), and the antigen stimulated release of up to 17% of cell- 
associated histamine within 5 to 7 minutes. Histamine release from nasal scrapings induced 
by calcium ionophore A23187 was up to 21% of cell-associated histamine within 2 to 4 
minutes, but no histamine release was stimulated by compound 48/80, substance P, or poly- 
L-lysine. Histamine release from nasal scrapings was inhibited 46% (10 .5 tool~L) to 96% 
(10 .4 mol/L) by quercetin and 58% (10 4 mol/L) to 72% (10 3 tool~L) by sodium 
cromoglycate. 
Conclusions: These findings show the predominant characteristics of  mast cells in the nasal 
epithelium in allergic rhinitis, and this information may be useful in relation to a therapeutic 
approach. (J ALLERGY CLIN IMMUNOL 1995;96:528-36.) 

Key words: Allergic rhinitis, tryptase-positive mast cell, tryptase-chymase positive cell, 
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In respiratory allergic diseases, allergic rhinitis, 
and bronchial asthma, metachromatic  cells are 
thought to be triggered to release mediators, lead- 
ing to the tissue reaction?,2 Of  these metachro-  
matic cells, mucosal surface mast  cells, which can 
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Abbreviations used 
FRMCS: 
FSMCS: 
HEPES: 

HPLC: 

MCT: 
MCrc: 

PBS: 
PN: 

SCG: 

Formalin-resistant mast cells 
formalin-sensitive mast cells 
N-2-hydroxyethylpiperazin-N-2-ethane- 
sulfonic acid 
High-performance liquid chromatog- 
raphy 
Tryptase positive mast cell 
Tryptase-chymase-positive mast cells 
Phosphate-buffered saline 
Protein nitrogen 
Sodium cromoglycate 

increase in number  in the epithelium of the nasal 
mucosa or bronchus, are thought to play an impor- 
tant role especially in the immediate response. 3-8 
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The interaction between inhaled antigen and IgE 
antibody on the surface of metachromatic cells at 
the mucosal level leads to release of chemical 
mediators and airway disease. 3-s 

In human beings, two subpopulations of mast 
cells have been recognized with respect to formalin 
sensitivity or insensitivity. 9-12 Previously, we re- 
ported two histochemically different subpopula- 
tions of mast cells in the human nasal mucosa with 
formalin sensitivity similar to that of rat mast cell 
subpopulations, la-15 Most metachromatic cells in 
the epithelium lost metachromatic properties after 
formalin exposure, and the number increased in 
relation to the degree of nasal provocative reac- 
tions to allergen, with resulting nasal symptoms 
and pathologic changes relating to swollen nasal 
mucosa in allergic rhinitis. 5, 13 Irani et al. 16, 17 and 
Schwartz et al. 18 demonstrated two subpopulation 
of mast cells on the basis of neutral protease 
content; tryptase-positive mast cells (MCT) and 
tryptase-chymase-positive mast cells (MCTc). 
Church et al. 19 and Benyon et al. 2° reported differ- 
ent characteristics in comparisons of MCT-rich 
lung cell and MCcT-rich skin cell preparations. 

For in vitro functional studies, a large number of 
mast cells is required to achieve reproducibility of 
histamine release or inhibitory effects. 1924 We 
chose patients who had more than 30 ng of hista- 
mine in a scraping of the nasal epithelial layer and 
who had swollen mucosa and a high level of 
sensitivity, above a score of 3 as determined by 
CAP RAST (Pharmacia, Uppsala, Sweden), for 
Dermatophagoides pteronyssius; and we developed 
a model of histamine release by using these scrap- 
ings. With this method the functional study of 
metachromatic cells in nasal epithelium could be 
accomplished. 

METHODS 
Subjects 

One hundred twenty-three patients (73 male and 50 
female subjects; age range, 8 to 38 years; mean age + 
SEM, 16 ± 0.6 years), who were sensitized to only one of 
13 inhaled antigens (house dust mite) were studied. 
They had mild to severe perennial nasal symptoms and 
CAP RAST score of 1 to 6 for D. pteronyssinus. 2s 
Informed consent was obtained in all cases. Ten of these 
patients were selected for measurement of histamine 
content, 10 were selected for immunohistochemically 
distinct subtyping in metachromatic cells dispersed from 
nasal scrapings, and 37 were selected for study of the 
relationship between CAP RAST in serum and net 
histamine release induced by antigen from nasal scrap- 
ings. The releasing agent calcium ionophore A23187, 
compound 48/80, and substance P were used for the 

study of histamine release with dose-dependence for 
antigen and inhibition of histamine release by antialler- 
gic agent in 66 patients who were sensitized to mite, had 
a CAP RAST score of more than 3 for mite (D. 
pteronyssinus), and had pale swollen nasal turbinate 
(more than 30 ng histamine per scraping). 

Nasal scrapings 
Epithelial specimens of the nasal inferior turbinate 

were obtained by gentle scraping (without inducing 
bleeding) with a small curette (Nagashima Co., Tokyo, 
Japan) until the specimen filled the cup of the curette. 
With this procedure, about 6 mg (wet volume) of the 
epithelial layer was obtained. 

Cell dispersal of nasal scrapings 
Five scrapings were taken from one site in the nose 

and dispersed as described previously 23 by incubation for 
30 minutes with a magnetic stirring apparatus at 37 ° C, 
in 25 ml of Ca ++- and Mg++-free Hanks' balanced salt 
solution containing 25 mmol/L N-2-hydroxyethylpipera- 
zine-N-2-ethanesulfonic acid (HEPES), 1.3 × 10 - 4  

mol/L ethylenediaminetetraacetic acid as a disodium 
salt, pH 7.2 to 7.4, 285 _+ 15 mOsmol/kg. After pipetting, 
cells in the supernatant were filtered with nylon gauze 
and washed twice with HEPES-Tyrode buffer (NaC1, 
137 retool/L; glucose, 5.6 mmol/L; KC1, 2.7 mmol/L; 
NaHzPO4, 0.4 mmol/L; HEPES, 10 mmol/L; and 0.1% 
bovine serum albumin, pH 7.4). Cells were suspended in 
3 ml of HEPES-Tyrode buffer. Then the cell suspension 
was divided into three parts of 1 ml each. The first one 
was used as follows: the total cell count in suspension 
and the proportion of metachromatic cells in cytospin 
smear were determined, and the others were used for 
duplicate histamine measurements. The smear was 
stained by May-Grunwald Giemsa solution, and the 
number of metachromatic cells in 2000 cells was deter- 
mined. The suspension was boiled at 90°C for 10 
minutes and centrifuged for 5 minutes at 12,400 g. 
Histamine was measured by high-performance liquid 
chromatography (HPLC) post-column method. 26 In a 
previous study a correlation coefficient of 0.9999 was 
obtained in blind comparisons of the concentration and 
the measurement by HPLC in range of 0.5 to 5000 ng/ml 
of histamine. A minimum of 0.2 ng of histamine can be 
measured by this method. 

Immunohistochemistry 
From nasal scrapings of the other 10 patients, cell 

smears were made on glass slides by cytospin and fixed in 
Carnoy's fluid (60% methanol/30% chloroform/10% gla- 
cial acetic acid) for 10 minutes, After washing with 
distilled water, endogenous peroxidase in the specimen 
was blocked by addition of 3% peroxidase in phosphate- 
buffered saline (PBS) at pH 7.4 for 10 minutes. After 
washing with PBS (pH 7.4), the specimen was incubated 
with 10% heat4nactivated normal goat serum for 1 hour 
at room temperature to reduce the nonspecific staining. 
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Then the specimen was washed with PBS for 2 minutes 
at room temperature. 

Mouse anti-human mast cell tryptase (10 ixg/ml) and 
chymase (10 txg/ml) in PBS, including 10 mmol/L Tris 
HC1 at pH 7.8 and 10% normal goat serum as negative 
control, were incubated separately on slides overnight at 
4 ° C. Samples were washed with PBS for 2 minutes and 
incubated with a biotin-conjugated rabbit anti-mouse 
IgG (Histofine kit; Nichirei Co., Tokyo, Japan) for 2 
hours at room temperature. Samples were then washed 
with PBS for 5 minutes and stained with a diaminoben- 
zidine substrate kit (Nichirei Co.) 

Histamine release 
Nasal scrapings (6 rag) were taken from the nasal 

turbinate surface with a small curette and attached to a 
small square piece of filter paper (16 mm 2, No. 4; Toyo 
Roshi Co., Tokyo, Japan), which was moistened with 
HEPES-buffered solution, and put into cold HEPES- 
buffered Tyrode's solution containing 0.1% bovine se- 
rum albumin without Ca ++ and Mg ++ (composed of 
137 mmol/L NaC1, 5.6 mmol/L glucose, 2.7 mmol/L KC1, 
0.4 mmol/L NaH2PO4, and 10 mmol/L HEPES [pH 7.4]) 
in a small plastic tube. Each specimen was then added to 
900 pJ of another prewarmed HEPES-buffered Tyrode's 
solution without Ca ++ and Mg ++ and incubated for 20 
minutes at 37 ° C. Then the specimen was placed in 300 
~1 of another prewarmed HEPES-buffered Tyrode's 
solution containing 0.1% bovine serum albumin with 1.8 
mmol/L CaC12 and 0.5 mmol/L MgC12 together with 
mite antigen for 30 minutes or other secretagogues for 
20 minutes of incubation at 37 ° C. The reaction was 
terminated with 600 ~1 of cold HEPES-buffered Ty- 
rode's solution. The tube was centrifuged at 200 g for 3 
minutes, and the supernatant (A) was removed and put 
into another tube. Nine hundred microliters of HEPES- 
buffered Tyrode's solution (B) was added to the tube 
with the specimen and paper disk at the bottom. The 
histamine contents of A and B were determined by 
H P L C .  26 Histamine release was expressed as a percent- 
age of the total content in a specimen and calculated as: 
Histamine in A + (Histamine in A + Residual histamine 
in specimen B) × 100. 

Time-course study 
For the study of kinetics of histamine release from the 

nasal surface, four nasal scrapings on a piece of filter 
paper were put in 2 ml of HEPES-buffered Tyrode's 
solution with 1:20,000 dilution of mite antigen or cal- 
cium ionophore A23187; and histamine in 100 ixl of 
supernatant taken at each time from the tube was 
measured by HPLC. 

Test drugs 
Mite antigen (D. pteronyssinus) extract was a gift from 

Torii Pharmaceutical Co. (Tokyo, Japan). The extract 
was eluted with HEPES buffer solution at 440 Ixg PN/ml 
(1:10 dilution) and frozen in 100 ixl aliquots in small 

tubes. Sodium cromoglycate (SCG) was a gift from 
Fisons Pharmaceuticals Ltd. (Loughborough, England). 
Calcium ionophore A23187, compound 48/80, substance 
P, poly-L-lysine, and quercetin were purchased form 
Sigma Chemical Co. (St. Louis, Mo.). Compound 48/80 
was dissolved in HEPES-buffered Tyrode's solution at 
the time of each experiment. SCG was dissolved in 
distilled water at 10 -2 mol/L at the time of each 
experiment. Ionophore and quercetin were dissolved in 
dimethyl sulfoxide to produce stock solutions of 10 -2 
mol/L. Each solution of antigen, secretagogues, and 
inhibitors was diluted in buffer as required. Substance P 
was dissolved in 0.1N acetic acid to produce stock 
solutions of 10 - 3  ixmol/L and neutralized with 0.1N 
NaOH just before use. The final concentration of di- 
methyl sulfoxide (-<1%) was tested and had no effect on 
the secretory response. SCG and quercetin were added 
10 seconds and 10 minutes before antigen. 

Mouse monoclonal antibody (IgGa) for anti-human 
mast cell tryptase or chymase was purchased from 
Chemicon International, Inc. (Temecula, Calif.), and the 
staining kit for the streptavidin-biotin method of immu- 
nohistochemistry was purchased from Nichirei Co. 

Statistical analysis 
For comparisons of the percent histamine release and 

histamine content of nasal scrapings between groups with 
different scores of serum anti-mite IgE titer, F analysis was 
conducted to determine whether variances were equal. If 
this were true, t tests were used. If this were not tree, the 
nonparametric Mann-Whitney U statistic was used. 

RESULTS 
Histamine content and 
immunohistochemical characteristics 
of metachromatic cells in dispersed 
epithelial cells 

The p ropor t ion  of  metachromat ic  cells in cell 
suspension dispersed f rom nasal scrapings in 10 
patients with allergic rhinitis who were selected at 
r a n d o m  ranged f rom 0.14% to 3.39% (mean,  
1.1% _+ 0.3%); mos t  cells were epithelial cells. The  
number  of  metachromat ic  cells per  1 ml o f  dis- 
persed cell suspension of  nasal scrapings in the 
same patients ranged f rom 1068 to 97,626, and the 
histamine content  o f  the cell suspensions was 2.4 to 
252.0 ng/ml. The  mean  + SEM of  histamine 
content  per  metachromat ic  cell was 1.92 _+ 0.25 pg 
(range, 0.91 to 3.69 pg). 

In smears of  dispersed cells f rom nasal scrapings 
o f  10 patients with allergic rhinitis, mean  and 
s tandard errors of  the p ropor t ion  of  tryptase- 
positive only, tryptase-chymase-posit ive,  and pro- 
tease-negative (possibly basophil)  metachromat ic  
cells were: 82.8% + 4.2%, 10.1% _+ 2.0%, and 
7.1% -+ 3.5%, respectively. 
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Relationship between histamine content or 
histamine release of nasal scrapings and 
serum IgE antibody 

The histamine content and histamine release 
from nasal scrapings of 37 patients with house dust 
mite sensitivity were assessed. Patients were di- 
vided into groups by score: four with 0.35-0.7 
(score 1), eight with 0.7-3.5 (score 2), five with 
3.5,17.5 (score 3), six with 17.5-50 (score 4), six 
with 50-100 (score 5), and eight with more than 100 
Ua/ml (score 6) of serum IgE antibody to D. 
pteronyssinus. From each patient four scrapings 
were taken, and duplicate tests were done for 
cqntrol and antigen-induced histamine release. 
The net histamine release from nasal scrapings by 
mite antigen (1:20,000 dilution 0.22 ~g PN/ml) in 
groups with a score of 3 to 6 was significantly 
higher (p < 0.02) than in groups with a score of 1 
to 2, but there was no difference among groups 
with a score of 3 to 6 (Fig. 1). Net histamine 
release was greater than 10% in 23 of 25 patients 
with a score of 3 to 6, but in only one of 12 patients 
with a score of 1 to 2. Spontaneous histamine 
release from nasal scrapings of these patients was 
9.0% _+ 0.2% to 10.7% +_ 1.9% in groups with 
scores of 1 to 6. 

On the other hand, the mean histamine content 
of four nasal scrapings taken from each patient was 
statistically increased (/9 < 0.05) in relation to the 
serum titer of anti-mite IgE from 0.35 to 3.5 
UA/ml , but there was no significant difference 
among groups with a score of 3 to 6 (Fig. 2). 
Histamine content in nasal scrapings was greater 
than 30 ng in 21 of 25 patients in groups with a 
score of 3 to 6 and in two of 12 patients in groups 
with a score of 1 to 2. These results suggested that 
the number of metachromatic cells in nasal scrap- 
ings of patients with nasal allergy and histamine 
release were correlated with the concentration of 
serum IgE antibody. 

The following studies of histamine release by the 
mite antigen and releasing agents and the inhibi- 
tion studies of the release by anti-allergic drugs 
were done in patients who had a score of more 
than 3 (3.5 UA/ml) of serum IgE anti-mite anti- 
body titer and more than 30 ng histamine content 
per scraping. 

Antigen-induced histamine release 

With six nasal scrapings taken from each of eight 
patients, mite antigen at a dilution of 1:2 × 107 
(2.2 × 10 -4 txg PN/ml) to 1:2 × 103 (2.2 ~g PN/ml 
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FIG. 2. Histamine content of nasal scrapings and score of serum IgE ant ibody to D. pteronys- 
sius. Histamine content was increased (p < 0.05) according to the concentration of serum mite 
IgE ant ibody, but there was no significant difference among members of the group with a score 
of 3 to 6. Each circle indicates an individual case. 

of mite extract) caused a concentration-related 
increase in histamine release from human nasal 
scrapings (Fig. 3, A). The means of net histamine 
release at dilutions of 1:2 × 107, 1:2 × 106, 1:2 × 
105, 1:2 × 104, and 1:2 x 103 of mite concentra- 
tions were 1.3 _+ 0.8, 3.8 _+ 0.8, 9.2 _+ 1.4, 18.7 _+ 
2.0, and 19.1 + 2.0, respectively. The net histamine 
release was increased in direct proportion to the 
concentration of the mite antigen, with a plateau at 
the dilution between 1:2 × 104 and 1:2 × 103. This 
1:2 x 104 dilution was used to study the inhibition 
of histamine release from nasal scrapings by the 
drug (approximally 20%). In the same patients 
(n = 8) spontaneous histamine release from nasal 
scrapi.ngs was 7.5% + 0.9%. 

In six time-course studies (Fig. 3, B), histamine 
release from nasal scrapings induced by 1:2 × 104 
dilution of mite antigen reached a plateau 5 to 7 
minutes after challenge. About 30% of release 
occurred by 1 minute and 55% at 2.5 to 30 minutes. 
Spontaneous release was 8.5% _+ 1.2% at 30 
minutes. 

Histamine release by calcium ionophore 
A23187, compound 48/80, and poly-L-lysine 

In nasal scrapings histamine release was induced 
by 0.5 txmol/L calcium ionophore A23187. However, 

1 to 100 Ixg/ml compound 48/80 and 1 to 20 ixmol/L 
substance P induced no histamine release. Poly-L- 
lysine at 10 txmol/L histamine release was 3.2% _+ 
2.2% (Table I). Spontaneous histamine release from 
nasal scrapings of the same patients was 7.6% _+ 
0.6% to 9.6% _+ 0.8%. In six time-course studies (Fig. 
4), histamine release induced by 1 ixmol/L calcium 
ionophore A23187 reached a plateau 2 to 4 minutes 
after challenge. Spontaneous release was 8.2% _+ 
0.5% at 30 minutes. 

Inhibition of histamine release by SCG and 
quercetin 

Four scrapings were taken from one site in the 
nasal cavity. In a control group, each scraping 
was incubated in a different tube with only 
HEPES buffer. In the inhibition study group of 
SCG or quercetin, first specimen was incubated 
with only HEPES buffer, and second with the 
mite antigen (1:2 × 104 dilution); third and 
fourth specimens were preincubated with 10 - 4  

mol/L and 10 -3 mol/L SCG or 10 .5 mol/L (final 
concentration) quercetin, respectively, before 
the antigen. In a control group the net histamine 
release values among second, third, and fourth 
trials were not statistically different. On the 
other hand, after addition of SCG, the net 
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histamine release values were 8.7% + 2.6% (10 -4 
mol/L) and 6.5% +_ 2.9% (10 .3 mol/L) with statisti- 
cal difference (p < 0.01) compared with 19.4% + 
1.9% (only allergen). After addition of quercetin, 
these values were 10.7% __+ i .8% (10 5 mol/L), 
0.6% + 1.4% (10 -4  mol/L), which were statisti- 
cally less (p < 0.05,p < 0.01) than 20.2% +_ 2.2% 
in control  specimens (Table II). The  percent  
inhibitions of  histamine release by SCG were 
58% at 10 -4 mol/L and 72% at 10 .3 mol/L SCG 
and 45% at 10 -5 mol/L and 96% at 10 -4 mol/L 
quercetin. Spontaneous release was 8.2% _+ 0.6% 
to 10.4% +_ 1.5%. 

D I S C U S S I O N  

In nasal allergy, metachromatic cells of the nasal 
surface are increased in number and are important 
for nasal manifestations of disease. 4, 5,13 Of these 
metachromatic cells, basophils appear abundantly 
in nasal secretions and mast cells in nasal epithe- 
lium. 13,27,2s Our results showed that more than 
80% of all metachromatic cells of the human 
allergic nasal epithelium were tryptase-positive 
mast cells, which were immunohistochemically 
similar to human lung mast cells. 18 The average 
histamine content per metachromtic cell in dis- 
persed cells of nasal epithlial scrapings of 10 
patients with nasal allergy was 1.9 _+ 0.2 pg (0.9 to 
3.7 pg). This is similar to human intesinal mast 

TABLE I. Percent histamine secret ion f rom 
nasal scrapings st imulated by 
secretagogues 

Compound 1 ixg/ml 10 ixg/ml 100 ixg/ml 
48/80 (4) -1.5 + 0.9* -0.1 --_ 1.0 0.0 -+ 0.6 

A23187 (5) 0.1 ixmol/L 0.5 ixmol/L 1 ixmol/L 
3.3 -+ 4.5 11.1 ± 2.2 20.6 _+ 0.8 

Substance P 1 ixmol/L 10 ixmol/L 20 ~mol/L 
(8) --1.4 + 1.6 -0.9 + 1.3 1.9 + 1.7 

Poly-L-lysine 1 ~mol/L 10 Fmol/L 100 ixmot/L 
(6) 0.8 -+ 1.0 0.9 _+ 1.2 3.2 -+ 2.2 

Numbers in parentheses indicate the number of specimens. 
Incubation time was 20 minutes for all secretagogues. 

*Mean _+ SEM (%). 

cells23, 24 but lower than the histamine content in 
dispersed cells from the lungs and skin. 2°, 21 The 
histamine content of dispersed mast cells has been 
reported to be 1 to 2 pg in intestine, 23, 24 2.5 pg in 
cells of smallest diameter, 10 pg in the largest cells 
in the lungs, 21 and 4.6 pg in the skin. z° In spite of 
similar distributions of mast cell subpopulations, 
such differences of histamine content in metachro- 
matic cells in nasal epithelium and lung mast cells 
might be due to contained basophils in the epithe- 
lium and also to the degree of degranulation or cell 
development in the affected nasal mucosa. As 
demonstrated in this study, the proportions of 
metachromatic cells in nasal epithelia of 10 pa- 
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tients with allergic rhinitis ranged from 0.14% to 
3.39% (mean, 1.1% 4- 0.3%); most cells were 
epithelial cells. Immunohistochemical study of dis- 
persed cells of the nasal epithelium showed that 
the mean proportions of MC r, M Cvcc, and pro- 
tease negative cells (possibly basophils) (n = 10) 
were 83% (range, 58% to 100%), t0% (0% to 
16%), and 7% (0% to 28%), respectively. Previ- 
ously, we reported that more than 80% of surface 
nasal metachromatic cells were formalin-sensitive 
mast cells (FSMCS), and less than 5% were micro- 
scopically small with a segmented nucleus, and 
were considered to be basophils. In contrast, most 
of the cells in the deep area of the nasal mucosa 
were formalin-resistant mast cells (FRMCS)? 3 
Kawabori and Kana? 9 showed that the distribution 
of MC w and FSMCS, MCrc and FRMCS tended 
to be similar in the nasal mucosa and that most 
mast cells in the epithelium were MCT or FSMCS. 
Bentley et al?0 mentioned that the number of MC T 
in the nasal epithelia of the patients with seasonal 
allergic rhinitis increased during the allergy season. 

Metachromatic cells in the nasal epithilum re- 
leased histamine in antigen dose-dependent fash- 
ion. On the other hand, histamine release by nasal 
scrapings at the 1:2 × 104 dilution of the mite 
antigen was increased dependently with the con- 
centration of the serum mite IgE antibody, and the 
release reached a plateau at a score of 3. And there 
was no significant difference among groups with 

scores of 3 to 6 (range, 3.5 to greater than 100 
UA/ml ) of CAP-RAST IgE measurement. These 
results might indicate that IgE receptors on meta- 
chromatic cells were fully occupied at an IgE 
antibody concentration of 3.5 UA/ml in the tissue. 
This phenomenon is similar to the basophil re- 
sponse to antigen in individual patients, which is 
dependent on the serum IgE antibody level? 1 The 
antigen-induced histamine release from nasal 
scrapings of eight patients with more than 3.5 
UA/ml of serum mite IgE antibody level revealed 
an antigen dose dependence. The mean spontane- 
ous release was around 10%. However, net hista- 
mine release from nasal scrapings induced by 
antigen was 16% to 20%, which was similar to that 
induced by anti-IgE from dispersed mast cells of 
intestine23, 24 and greater than that in the skin. 2° 
On the other hand, in time-course studies, hista- 
mine release by antigen (n = 8) reached a plateau 
5 to 7 minutes after challenge, which was similar to 
human skin mast cells as described previously? ° 
These in vitro phenomena were considered to be 
similar to in vivo phenomena because the nasal 
responses of sneezing and nasal discharge, induced 
mainly by histamine, begin immediately and stop 
within 5 minutes after nasal antigen challenge. 32 

More importantly, histamine contents in nasal 
scrapings, which might indicate the number of 
increased metachromatic cells, were in proportion 
to the serum IgE antibody level. In allergic rhinitis 
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TABLE II. Inhibition of antigen-induced histamine release by SCG and quercetin 

Agent Antigen Antigen Antigen 

Control % Net HR 17.5 +_ 2.1 15.2 ± 0.5 16.2 + 2.6 
(n = 9) % Inhibition -4.7 -2_ 3.3 -6.5 +- 3.4 

SCG ND 10 .4 mol/L 10 --3 mol/L 
(n = 8) % Net HR 19.4 + 1.9 8.7 _+ 2.6* 6.5 + 2.9* 

% Inhibition 58.4 ± 10.4 71.8 +_ 10.4 

Quercetin ND 10 -s mol/L 10 -4 mol/L 
(n = 4) % Net HR 20.2 ± 2.2 10.7 ± 1.8"~ 0.6 +- 1.4" 

% Inhibition 45.7 ± 10.9 96.3 ± 8.7 

SCG was added 10 seconds and quercetin was added 20 minutes before addition of antigen. Scale indicates mean +_ SEM (%) of 
histamine release or inhibition of histamine release. Numbers in parentheses indicate the number of specimens. 

HR, Histamine release; ND, no drug added. 
*p < 0.01. 
tp < 0.05. 

the flux of mast cells of the epithelial layer of the 
nasal mucosa is caused by antigen exposure, and 
the resulting increase of nasal hypersensitivity is an 
important factor in nasal responses. 5, 13, 33, 34 

The mean histamine content of nasal scrapings 
was increased in relation to the levels of serum IgE 
antibody and reached a plateau at 3.5 UA/ml. 
However, as shown Fig. 2, the histamine content 
varied greatly among individual patients, even in 
those with a high concentration of serum IgE 
antibody (12.9 to 156 ng in score 4 and 25 to 267 ng 
in score 6). These differences in histamine content 
might be due to different numbers of metachro- 
matic cells, which influence the nasal response, s, 13 
These results indicate that nasal scrapings of pa- 
tients with more than 3.5 UA/ml of the serum mite 
antibody level and more than 30 ng of total hista- 
mine per scraping could be useful for functional 
studies of metachromtic cells at the nasal surface. 

Histamine release from metachromatic cells of 
nasal epithelium by calcium ionophore A23187 
was dose-dependent and reached to 20.6% at 1 
txmol/L. In time-course studies, the histamine re- 
lease reached a plateau at 2 to 4 minutes after 
challenge, which was faster than antigen-induced 
reactions. On the other hand, compound 48/80 at 1 
to 100 p~g/ml and substance P at i to 20 ixmol/L did 
not lead to histamine release. Poly-L-lysine at 10 
tzmol/L induced release of a little histamine 
(3.2%), which was thought to be due to basophils 
and MCTc included in nasal epithelium; both of 
these subtypes release histamine in response to 
poly-L-lysine. 2°,3s SCG inhibited antigen-induced 
histamine release 58% at 10 -4 mol/L and 72% at 
10 -3 mol/L, and quercetin inhibited it 45% at 10 -s  
mol/L and 96% at 10 -4 mol/L. These results 
indicate that MC w of metachromatic cells were 

abundant in the nasal epithelium and functionally 
similar to lung mast cells, as reported by Church 
and Hiroi. 36 Irani et al. 16, 17 and Schwartz et al. 18 
reported that 93% of mast cells dispersed from the 
lungs were MC T and 99% of these cells from skin 
were MCTc. Church et al. 19 and Benyon et al. 2° 
reported that mast cells dispersed from human 
lungs released histamine in response to anti-IgE or 
calcium ionophore A23187 but not in response to 
compound 48/80, substance P, or poly-L-lysine; 
whereas human skin mast cells released histamine 
in response to compound 48/80, substance P, and 
poly-L-lysine. These findings suggest that epithelial 
metachromatic cells are similar to lung mast cells 
in human beings. Moreover, SCG inhibited anti- 
gen-induced histamine release from nasal epithe- 
lial metachromatic cells. The percentage of inhibi- 
tion was more than 70% when nasal scrapings were 
used. Church and Hiroi 36 mentioned that the in- 
hibitory action of SCG on antigen-induced hista- 
mine release was dependent on the dose of stim- 
ulating antigen. In our studies 1:2 × 104 dilution of 
mite antigen was optimal. The antigen-induced 
histamine release from nasal scrapings was inhib- 
ited by quercetin, which inhibits mast cell and 
basophil release in rodents and human beings. 37, 38 

The functional differences between metachro- 
matic cells with abundant MCT in the nasal epithe- 
lium and MCcT in lamina propria of nasal mucosa 
remain to be determined. Such differences might 
be elucidated by future investigations. 
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