Effect of AA-2414, a thromboxane A,
receptor antagonist, on airway
inflammation in subjects with asthma
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Background: Asthma is a chronic inflammatory disease of the
airways. The chemokines are potent chemoattractants for
eosinophils and other types of cells associated with allergic
inflammation. AA-2414, a new thromboxane A receptor
antagonist, reduces bronchial hyperresponsiveness in asthmat-
ic subjects, but its mechanism of action is unclear.

Objective: We tested the hypothesis that the beneficial effects
of AA-2414 in asthma result from reduction in the number of
inflammatory cells infiltrating the airway associated with inhi-
bition of chemokine release.

Methods: We studied bronchial biopsy specimens from 31
asthmatic subjects before and after oral treatment with AA-
2414 (80 mg/day) or matched placebo for 4 months in a dou-
ble-blind manner. Biopsy specimens were examined by
immunohistochemistry. Each subject recorded symptom score
and peak expiratory flow (PEF). Lung function and bronchial
responsiveness to methacholine were measured before and
after treatment.

Results: After treatment, significant improvements in symptom
score P < .05), PEF P < .01), diurnal variation of PEF (P <
.01), and bronchial responsivenes$>(< .01) were observed in
the AA-2414 group compared with the placebo group. These
improvements were accompanied by a significant decrease in
the number of submucosal EG2 eosinophils P < .05). There
was also a reduction in the number of cells expressing
RANTES (P < .05) and macrophage inflammatory protein
(MIP)-1a (P < .05) in the epithelium and of cells expressing
monocyte chemotactic protein-3R < .01), RANTES @ < .05),
MIP-1a (P < .01), and eotaxin P < .01) in the submucosa in
the AA-2414 treatment group. A significant correlation was
found between the number of EG2 eosinophils and numbers
of monocyte chemotactic protein-3 (rg= 0.52,P < .005), MIP-
la* (rg=0.34,P < .05), and eotaxir cells {s= 0.47,P < .01) in
the submucosa. There was a significant negative correlation
between the increase in bronchial responsiveness and the
change in number of submucosal EG2cells {s=—0.65,P <
.001).

Conclusions: These findings suggest that AA-2414 treatment of
patients with asthma may inhibit activated eosinophil infiltra-
tion in part by modulating the expression of chemokines in
bronchial tissues. (J Allergy Clin Immunol 1999;103:1054-61.)
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Bronchial asthma is a chronic inflammatory disorder
characterized by increased infiltration of eosinophils, T
lymphocytes, and mast cells into the bronchial muédsa.

It is believed that eosinophils play a crucial role in the
development of chronic bronchial asthma. Thromboxane
A, (TXA,) is a chemical mediator and a product of
arachidonate metabolishT XA, has been considered an
important mediator in the pathophysiology of asthma
because of its potent bronchoconstrictive actf/apd it

is believed to be involved not only in late asthmatic
responsesbut also in airway hyperresponsivenégs.
topically administered TXAmimetic, U-46619, caused
eosinophil infiltration in the conjunctival epithelium of
guinea pig$.Takami et al°recently found excellent cor-
relations among sephadex-induced eosinophilia in rat
lung, TXA, release, and nonspecific airway hyperre-
sponsiveness. Moreover, there is accumulating evidence
suggesting that TXAis an immunomodulator. Antigen-
presenting cells, such as macrophages and dendritic cells
in the spleen and thymus, also express TX synthétase.
On the other hand, TX receptor mRNA is abundantly
expressed in lung, thymic, and splenic T c&lhus
antigen-presenting cells express TxXAynthetase,
whereas T cells express TX receptor, suggesting that TX
receptor is involved in, and modulates, T-cell responses.
CS-518, a TXA synthetase inhibitor, inhibited not only
antigen-induced eosinophil accumulation in bron-
choalveolar lavage fluid (BALF) but also eosinophil acti-
vation of actively sensitized guinea pigsDP-1904, a
TXA, synthetase inhibitor, attenuated platelet-activating
factor or IgG-induced eosinophil cationic protein release
from human eosinophift Recently, it was reported that
either TXA, synthetase inhibitor or TXAreceptor
antagonist significantly inhibited BALF eosinophilia by
modulation of suppression of cytokine production in
antigen-sensitized mic®. Moreover, this effect was
stronger with TXA receptor antagonist than with TXA
synthetase inhibitor.

AA-2414 ([£]-7-[3,5,6-Trimethyl-1,4-benzoquinon-
2-yl]-7-phenylheptanoic acid), a novel TXAeceptor
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reported that AA-2414 inhibited IL-4 and IL-5 production
in splenic mononuclear cells in mig&Furthermore, in a
clinical study, Fujimura et 8 reported the finding of sig-
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TABLE I. Subject characteristics
Abbreviations used
BALF: Bronchoalveolar lavage fluid AA-2414 Placebo
Dmin: Minimum cumulative dose No. of subjects (M:F) 16 (10:6) 15 (10:5)
MCP: Monocyte chemotactic protein Age (y) 31 (16-54) 29 (16-50)
MIP: Macrophage inflammatory protein FEV; (L) 2.65 (1.54-3.34) 2.44 (1.68-3.26)
PEF: Peak expiratory flow FEV, (% predicted) 72.9 (57.9-85.3) 71.7 (55.6-85.3)
Rrs: Respiratory resistance AHR (units) 1.18 (0.12-3.32) 1.08 (0.30-3.23)
TXA,: Thromboxane A IgE (IU/mL) 753.0 (28.6-2618.4) 756.4 (33.0-1150.0)

Data are expressed as means (ranges).

AHR,Airway hyperresponsiveness measured as the minimum cumulative
value;units, 1 minute of 1.0 mg/mL aerosol inhalation of methacholine.
nificant improvement of bronchial airway response to
methacholine after administration of AA-2414.

The p.aSt fe"‘.’ years.ha.v.e sgen the discovery OT a.grou%orning chest tightness, wheezing during the day, limitation of
of (,:y,t,OkmeS W,'th S'm”a”t'esf in structure, the prmupal activity, and the effects of exercise, cold air, and dust on asthma
activities of which appear to include chemoattraction andsymptoms. A scoring system ranging from 0 to 3 was used as fol-
activation of a wide range of leukocytes, including gran- jows: 0, none; 1, mild; 2, moderate; and 3, severe. Seven days after
ulocytes, monocytes, and T lymphocytes. For this reasonthe initial visit, patients returned having omitted inhageagonist
they have been termedhemotactic cytokinesor for at least 12 hours. Spirometry was performed, and airway metha-
chemokined® Because both eosinophils and TXA choline responsiveness was measured by using an “Astograph”
appear to play critical roles in the pathogenesis of(TCK-6000CV; Chest MI Co, Tokyo, Japan), according to the
bronchial asthma, the question arises whether Jb¢4- method of Takishima et &k Briefly, _respiratory resistance (Rrs)_
ulates the chemotaxis or function of eosinophils. was measured by the forced oscillation method (3 Hz) during

We hypothesized that the improvement by AA-2414 of inhalation of methacholine continuously with stepwise incremental

b hial h . . h . bi (concentrations, until Rrs reached twice the baseline value. Metha-
ronchial hyperresponsiveness in asthmatic su Ject‘choIine chloride was diluted in physiologic saline solution with 2-

results in part from downregulation of release of fq|qincreasing concentrations from 49 to 25,pgemL. Each con-
chemokines from many types of inflammatory cells. This centration of methacholine solution was inhaled for a period of 1
study was designed to examine the effects of treatmerminute. All subjects were examined during quiet breathing in a sit-
with AA-2414 on the expression of chemokines and onting position. Bronchial hyperresponsiveness was evaluated as the
the number of inflammatory cells in asthmatic mucosa. minimum cumulative dose (Dmin) of methacholine for which the
reciprocal of Rrs decreased linearly. Dmin was calculated so that 1
METHODS unit of Dmin equaled 1 minute of inhalation of aerosol solution at
Subjects 1.0 mg/mL. All patients with bro_nchlal asthma had D_mln Ies_s than
50 units. Seven days later, patients returned, and fiberoptic bron-
Thirty-one nonsmoking volunteers with mild-to-moderate asth- choscopy was performed. Four months later, patients returned to the
ma (age range, 16 to 54 years) were recruited for this study. Allhospital for repeat measurement of spirometry, airway responsive-
patients satisfied the American Thoracic Society Criteria for asth-ness, blood examination, and fiberoptic bronchoscopy.
ma2l All had documented reversible airflow obstruction (a 20%
improvement in peak expiratory flow [PEF] or FE&ither sponta- Fiberoptic bronchoscopy
neously or in response to inhal@gdagonists) and methacholine air-
way hyperresponsiveness. None had received inhaled or oral corti
costeroids or any other anti-inflammatory drugs, such as sodium
cromoglycate or nedocromil sodium, in the previous 4 months.
Only inhaled salbutamol was used as required as a bronchodilato!
Patients showed no signs of upper or lower respiratory tract diseas
for at least 2 weeks before entering the study. The study was

Premedication was provided by intramuscular injection of 0.5
mg of atropine sulphate and 15 mg of pentazocine. After the throat
had been anaesthetized with 4% lidocaine spray, the subjects
inhaled 200ug of salbutamol to prevent bronchoconstriction. A
bronchoscope (BF type 1T-30; Olympus Co, Tokyo, Japan) was

inserted through the mouth. The pharynx, trachea, and bronchi were

) T oo I ) .
approved by the Ethics Committee of Toho University School of ﬁ/na‘estt:etlzer(]jtwth ZAI I|doca||ne.thOxygsn \tNtT]S admln(ljstereg- at4
Medicine, and signed informed consent was obtained from eact, min through e nasal cannuiae throughout tne procecure. BIopsy
patient. forceps (FB-15C, Olympus) were used to collect 2 to 3 biopsy spec-

imens from the spur of a basal segment bronchus of the right lower
Study design lobe and from the subcarina of the right upper lobe. Inhalation of

. . 200ug of salbutamol was performed after the procedure.
Patients were randomly assigned to one of 2 parallel treatmen Mo P P

groups. Each patient received a 4-month course of oral administra
tion of either AA-2414 (80 mg/day; Takeda Chemical Industries
Ltd, Osaka, Japan) or matched placebo every evening. Skin pricl'StrV

tests to common aeroallergens were performed, and blood wa:  Biopsy specimens were mounted in an OCT compound (Miles,
taken for measurement of total and specific IgE (Phadebas RASTScientific, Naperville, Ill), frozen rapidly in dry ice/acetone, and
Uppsala, Sweden). A diary card tracking asthma symptoms, medsstored at —70°C until use. Four-micrometer cryostat serial sections
ication requirements, and results of PEF performed twice daily withwere cut, fixed in acetone, and stained with hematoxylin and eosin
a Personal Best Peak Flowmeter (Health Scan, Cedar Grove, Nfor conventional histologic examination. The sections were also
was completed by each subject. Eight symptom scores were recorimmunostained by using the alkaline phosphatase antialkaline phos-
ed daily on the diary card: nocturnal wheezing, nocturnal cough,phatase system (Dako, Glostrup, Denm&dk@ccording to the

Sample processing and immunohistochem-
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TABLE II. Clinical data before and after treatment with AA-2414 or placebo
AA-2414 Placebo

Before After Before After
Symptom score 6.4+25 4.8+ 20 6.3+3.0 6.8+3.1
PEF (L/min) 364.2 + 108.6 405.1 + 1080 332.6 £62.9 3254 +62.4
PEF variation (%) 24.0 +10.3 17.4 + 78 22.8+9.8 24.1+8.8
FEV; (L) 2.65 +0.61 2.88 + 0.60 2.44 +0.45 2.42 +0.49
FEV, (% predicted) 72.9 +9.6 75.3+10.0 71.7£9.3 69.7 + 8.3
AHR (units) 1.18 +0.78 2.96 + 2.00 1.08 £0.75 0.99 +0.75

Data are expressed as means * SD.

PEF variation,Diurnal variation of PEFAHR, airway hyperresponsiveness measured as the minimum cumulativewatsgt minute of 1.0 mg/mL aerosol
inhalation of methacholine.

*P < .01 for comparison between values before and after treatment (within group).

TP < .05 or*P < .01 for comparison of treatment effects on values (before minus after treatment) for AA-2414 versus placebo.

manufacturer’s instructions, and developed with fast red substrateStudentt test for between-group comparisons. The number of posi-
Finally, sections were rinsed with distilled water, counterstainedtive cells exhibited a positive skewed distribution. Nonparametric
with Mayer’s hematoxylin, and dried by brief consecutive dips in data were expressed as median values and ranges. Paired data for
ethyl alcohol followed by xylene; coverslips were mounted. Controlcell counts were analyzed by using the Wilcoxon matched-pairs
slides were performed by substitution of PBS and incubation withsigned-rank test. For between-group comparisons, the Mann-Whit-
an irrelevant mAb of the same isotype and concentration. neyU test was performed on tiAevalues (pretreatment minus post-
Detection of inflammatory cellénti-major basic protein anti-  treatment) for the 2 treatment groups. Changes in numbers of dif-
body (BMK-13; Harlan Sera-Lab, Hophurst Lanc, UK) was used toferent cell types were also compared by usibgeat, with Bonfer-
stain total eosinophils. The degree of “activation” of infiltrating roni correction to allow for multiple comparisons. Intraobserver
eosinophils was assessed by immunostaining with EG2 mAb (Kahreproducibility was assessed with the coefficient of variation, and at
Pharmacia, Uppsala, Sweden), which stains only activatedeast 3 replicate measurements of morphometric parameters were
eosinophil cationic protein—secreting eosinophils. AA1 (Dako), performed by the same observer. The mean coefficient of variation
developed against human mast cell tryptase, was applied for detefor repeated measurements ranged between 5% and 14% for each
tion of mast cells. T lymphocytes were stained with anti-CD3 (Bec-cell and between 9% and 15% for each chemokine. Correlations
ton Dickinson, Cowley, UK), helper T cells with anti-CD4 (Becton between individual data were tested for significance by using Spear-
Dickinson), cytotoxic T cells with anti-CD8 (Becton Dickinson), man’s rank correlation test and corrected for multiple correlations.
and macrophages with anti-CD68 (Dako). Probability (P) values of less than .05 were considered significant.
Detection of chemokineBnmunolocalization of chemokines in
bronchial tissue was examined with mAbs against monocyttRESULTS
chemotactic protein (MCP)-3 (R&D Systems, Abington, UK), . . . .
against RANTES (R&D), against macrophage inflammatory pro- Sixteen subjects in the AA-2414 group and 15 subjects
tein (MIP)-1o (R&D), and against eotaxin (R&D). in the placebo group completed the study. There was no
Quantitation.To avoid observer bias, all microscopic slides were Significant difference between the 2 groups in sex, age,
coded before analysis by one observer and read blind. All measurFEV/, Dmin, or IgE (Table I). Two patients from the AA-
ments were performed in at least 2 nonserial sections per biops2414 group were discharged for poor compliance with
specimen. Subepithelial chemokirell counts were made per mil- therapy (serum concentration of AA-2414 <10 ng/mL).
limeter of basement membrane length. The numbers of inflammaThe mean concentration of AA-2414 was 6394.4 ng/mL
tory and chemokintecells were counted for the entire submucosal and ranged from 3929 to 10,036 ng/mL in the actively
alrea dbe”ej‘th the Iep't?e"a' bas.]fmffm T;g‘:rr‘?”f' te’I‘C'“d'”g MUC%eated group. There were no adverse effects of treat-
glands and vesse's, at a magnilication®ss. 1ne fofd’ area exam- ment, including bleeding tendency and blood chemistry

ined was calculated by delineating the area of the section on a vide | H loai . led th latelet
micrometer system (VM-50, Olympus), using software for mea-vValues. Hematologic examination revealed that platele

surements (Analytical Measuring System, Olympus). Results werCOUNt, bleleding tim?: and Who'? blood clotting time were
expressed as the number of positive cells per square millimeter n0rmal. Liver and kidney function tests were also within

submucosa. normal limits. Three patients in the placebo group did not
L. . complete the study: 2 experienced deterioration of asth-
Statistical analysis ma that required steroids or theophylline, and 1 refused

Clinical data are expressed as means + SD. A mean symptoito submit to a second bronchoscopy.
score was calculated from the daily mean of the sum of the 8 symg

toms for both the 2 weeks of the baseline period and the last Clinical data

e v st s e e i PEF s S e yeament, symplom score ¢ 01, PEF <
were calculated for the 2 weeks of the baseline period and the Iast'01)’ dlumal_varl.atlon Of_ PEFP(< .01), and D".“” I? <
weeks of treatment. Diurnal variation of PEF was calculated from'O]') were significantly 'mp,roved from baseline in the
the difference between the morning and evening readings anAA-2414—treated, but not in the placebo-treated, sub-
expressed as a percentage of the daily mean. The results for clinidects. There was no change in Fféfore to after treat-
data were normally distributed and were analyzed by using thanent with AA-2414. When the AA-2414— and placebo-

paired Studertttest for within-group comparisons and the unpaired treated groups were compared, significant improvements
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FIG 1. A, Cellular infiltration with total eosinophils (BMK13+), activated eosinophils (EG2+), and mast cells
(AA1+) in bronchial mucosa before and after treatment with AA-2414 and placebo. Horizontal bars represent
median values. B, Cellular infiltration with T lymphocytes (CD3+, CD4+, and CD8+) and macrophages (CD68+)
in bronchial mucosa before and after treatment with AA-2414 and placebo. Horizontal bars represent median
values.

TABLE lll. Numbers of immunoreactive cells in bronchial specimens from AA-2414- and placebo-treated subjects
BMK13 EG2 AA1 CD3 CD4 CD8 CD68

AA-2414

Before treatment 134 (17-280) 50 (7-143) 20.5 (8-47) 202.5 (70-370) 154.5 (56-250) 58 (8-168) 176 (63-310)
After treatment  113(15-270) 21.%* (2-100) 22 (12-55) 175(55-340) 126 (22-250) 63 (16-170) 168 (50-315)
Placebo

Before treatment 121 (13-235) 43 (10-205) 26.5 (10-46) 187 (100-342) 131 (68-275) 64.5 (15-175) 174 (48-385)
After treatment  116.5 (16-330) 44 (7-187) 25 (8-58) 192 (90-405) 146 (70-250) 65 (14-160) 156 (55-320)

Data are expressed as medians (ranges) and represented number of cells per square millimeter of mucosa.

BMK13, Identified total eosinophil€£G2, “activated” eosinophilsAA1, mast cellsCD3, mature T cellsCD4, helper/inducer T cellS¢D8, suppressor/cyto-
toxic T cells;CD68, macrophages.

*P < .05 and'P < .01 for comparison of values before and after treatment (within group).

#P < .01 for comparison of treatment effects on values (before minus after treatment) for AA-2414 versus placebo.
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FIG 2. Positive staining for MCP-3+ (A), RANTES+ (B), MIP-1a+ (C), and eotaxin+ (D) cells of both the epitheli-
um and submucosa in frozen sections of biopsy specimens before treatment.

TABLE IV. Counts of cells staining with anti-MCP-3, anti-RANTES, anti-MIP-1a, and anti-eotaxin in bronchial biopsy
specimens

MCP-3 RANTES MIP-1a Eotaxin
Epithelium
AA-2414
Before treatment 15 (2-28) 4 (0-10) 15 (7-40) 8 (2-33)
After treatment 11(3-20) 2% (0-5) 8+ (1-33) 5.5 (0-15)
Placebo
Before treatment 14 (2-27) 3 (0-8) 14 (2-30) 7.5 (1-21)
After treatment 14 (2-30) 3.5 (1-10) 16.5 (3-30) 8 (0-18)
Submucosa
AA-2414
Before treatment 16 (6-24) 4.5 (1-10) 22.5 (5-40) 17.5 (7-37)
After treatment 118 (2-31) 3% (0-9) 14.58(6-33) 12.58(2-28)
Placebo
Before treatment 14 (3-32) 4 (1-8) 23 (4-44) 18 (6-43)
After treatment 13.5(3-32) 5 (1-10) 25 (6-48) 19 (8-40)

Data are expressed as medians (ranges) per millimeter of basement membrane length of epithelium and per square mitliimetesaf su
*P < .05 orfP < .01 for comparison of values before and after treatment (within group).
#P < .05 orSP < .01 for comparison of treatment effects on values (before minus after treatment) for AA-2414 versus placebo.

in symptom scoreR < .05), PEFP < .01), PEF variation type immunohistochemistry. Within the AA-2414—treat-
(P <.01), and DminR < .01) were found in the former ed group, there were significant reductions in median
(Table 11). counts of submucosal BMtkeosinophilsP < .05), EG2
eosinophils P < .01), CD3 T lymphocytes P < .01),
and CD4 T lymphocytes P < .05) before to after treat-
At baseline, there were no significant differencesment. Within the placebo-treated group, there was no sig-
between the subjects receiving AA-2414 and thosenificant change in any cell count before to after treat-
undergoing placebo treatment in bronchial cell phenoment. Comparison between the treatment groups

Bronchial biopsies
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FIG 3. Effect of treatment on epithelial (A) and submucosal (B) counts of MCP-3+, RANTES+*, MIP-1a+, and
eotaxin* cells. Horizontal bars represent median values.

revealed that the difference in submucosal EG?2 after treatment was observed in cell numbers in biopsy
eosinophils was significanP( .01) (Table lll and Fig 1, specimens from the placebo-treated group. When the
A andB). changes in cell counts for subjects treated with AA-2414
Immunostaining for MCP-3, RANTES, MIPel and  and those treated with placebo were compared, signifi-
eotaxin in bronchial biopsy specimens was localized tccant reductions in epithelial RANTESP < .05) and
the epithelium, some inflammatory cells, and endothelialMIP-1a* cells P < .05) (Fig 3,A) and in submucosal
cells (Fig 2). In subjects treated with AA-2414, there MCP-3* (P < .01), RANTES (P < .05), MIP-Io* (P <
were significant reductions in median epithelial counts of.01), and eotaxincells P < .01) were found in the for-
MCP-3t cells P < .01), RANTES cells P < .05), MIP- mer (Fig 3,B, and Table 1V). The numbers of submuco-
lat cells P < .01), and eotaxincells P < .01) and in  sal MCP-3 (rg= 0.52,P < .005), MIP-I* (r¢ = 0.34,P
submucosal cell counts of MCP-2ells P < .01), < .05), and eotaxincells {;= 0.47,P < .01) were sig-
RANTES' cells P < .05), MIP-To* cells P < .01), and nificantly correlated with number of EGZells. There
eotaxint cells P < .01). No significant change before to was a significant negative correlation between the
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increase in Dmin and the magnitude of change in thendothelial cell$2 and inflammatory cells, such as
number of submucosal EG2ells (,=—0.65,P <.001).  eosinophils’3:34T lymphocytes, and macrophagés’’
are likely candidates for release of chemokines. It would
be interesting to identify the cell populations responsible
for the in situ production and release of chemokines with
In this double-blind, placebo-controlled study, clinical eosinophil chemotactic properties.
improvement in asthma after treatment with AA-2414  Variability in PEF mirrors the clinical severity of asth-
was accompanied by a decrease of E&&inophil infil-  ma and is correlated with bronchial hyperresponsive-
tration in the bronchial mucosa. This change was assocness38 The reduction in asthma symptoms, diurnal vari-
ated with reductions in epithelial RANTE@&nd MIP-  ability in PEF, and increase in PEF reflect improvement
la* cells and in submucosal MCP;RANTES!, MIP- in asthma control. Because the serum concentrations of
la*, and eotaxin cells, supporting the hypothesis that AA-2414 obtained in this study were high enough for
the clinical effects of AA-2414 in asthma result at least intreatment of asthma, we believe that the improvements in
part from modulation of proinflammatory chemokines clinical findings we found were the result of AA-2414
and thus reduction of bronchial mucosal inflammation.administration. Our results support the previous finding
These findings indicate that AA-2414 reduced eosinophithat AA-2414 resulted in significant improvement of
activation rather than number. The precise mechanismrbronchial responsiveness but did not change baseline
by which AA-2414 inhibits activated eosinophil recruit- value of FEV.19
ment are unclear. However, our findings suggest that th In conclusion, we have demonstrated that improve-
suppression of chemokine expression is involved in thiment of clinical findings after AA-2414 treatment of
inhibition. The increased expression of cytokines ancasthma is associated with a reduction in the number of
chemokines relevant to the specific accumulation ofactivated eosinophils in bronchial mucosa. Although fur-
eosinophils proved that these mediators play a role ither investigation is needed, our findings suggest that
specific eosinophil recruitment in asth@faHowever, AA-2414 may affect asthma by modulating activated
our findings suggest the interesting possibility thateosinophil infiltration into airways and release of proin-
chemokines may not be required for eosinophil recruitflammatory chemokines.

ment but are important for eosinophil activity. This We thank all the subjects who volunteered to participate in this

hypothesis is supported by the intriguing correlationgy 4y and pr T. Nishimura for the statistical evaluation.

between the number of EG2ells and the number of

cells staining for chemokines and by the correlation

between reduction in EGZell numbers and improve- REFERENCES

ment in bronchial sensitivity. Also supporting this 1. bjukanovic R, Wilson Jw, Britten KM, Wilson SJ, Walls AF, Roche WR,

hypothesis is the finding that numbers of other types o et al. Quantitation of mast cells and eosinophils in the bronchial mucosa

cells (monocytes T Iymphocytes and eosinophils) were of symptomatic atopic asthmatics and healthy subjects using immunohis-

ianifi | ’ d d by AA 2’414 d . tochemistry. Am Rev Respir Dis 1990;142:863-71.

not Slg_m |c_:anty reauce y : tref’ﬂment’ es_plte 2. Bradley BL, Azzawi M, Jacobson M, Assoufi B, Collins JV, Irani AM, et

reduction in the number of cells expressing chemokines
The effects of inhibition of TXAon cytokine produc-

DISCUSSION

al. Eosinophils, T-lymphocytes, mast cells, neutrophils and macrophages
in bronchial biopsy specimens from atopic subjects with asthma: com-

tion by human alveolar macropha@ﬁaand monocyt@ parison with biopsy specimens from atopic subjects without asthma and
normal control subjects and relationship to bronchial hyperresponsive-

have been rgporteq. The product|.on of IL-5, IL-2, and ness. J Allergy Clin Immunol 1991:88-661-74.

”:N'V by antlgen-stlmulated splenlc mononuclear cells 3. Azzawi M, Bradley B, Jeffery PK, Frew AJ, Wardlaw AJ, Knowles G, et

was significantly decreased by treatment with XA al. Identification of activated T lymphocytes and eosinophils in bronchial

inhibitors15 CS-518, a TXA synthetase inhibitor, inhib- biopsies in stable atopic asthma. Am Rev Respir Dis 1990;142:1407-13.

ited not onIy eosinophil accumulation in BALE. but 4. Bousquet J, Chanez P, Lacoste JY, Barneon G, Ghavanian N, Enander |,
. . . . . ’ et al. Eosinophilic inflammation in asthma. N Engl J Med

eosinophil density, which shifted from normodense to  gq3.33.1033.9,

hypodense after allergen challenge in guinea pigs, ans. Hamberg M, Svensson J, Samuelsson B. Thromboxanes: a new group of

suppressed eosinophil peroxidase release and chemota  biologically active compounds derived from prostaglandin endoperox-

by platelet-activating factor in vitrég Recently' Narita et 6 I;i\?ZnsPsrgﬁ ’\\]‘agt/;\;r?gbz% UKS"?_:\?:;Z?ZS{ZI‘;%HQ M. Thromboxane A2:

al’ repo_rted that the (_aosmophl! |n_f|I_trat|on into nasal effects on airway and vascular smooth muscle. Prostaglandins

mucosa induced by antigen was inhibited by Bay u 3405 1977.14:425.36.

a TXA, receptor antagonist, in sensitized guinea pigs 7. Fairfax AJ, Hanson JM, Morley J. The late reaction following bronchial

Although the reason for the discrepancy between thei provocation with house dust mite allergen. Dependence on arachidonic

findings and those of the present study is unclear, th
drugs and species used may account for the difference.
the absence of double-staining procedures, we cannt
define the cellular origins of chemokines in this study.

Foegh et & demonstrated that human peritoneal

eosinophils synthesize cyclooxygenase products unde
basal and stimulated conditions, with TXgredominat-
ing. Possible source of TXAnclude epithelig®-31 and

acid metabolism. Clin Exp Immunol 1983;42:393-8.

8. Fujimura M, Sasaki F, Nakatsumi Y, Takahashi Y, Hifumi S, Taga K, et

al. Effects of a thromboxane synthetase inhibitor (OKY-046) and a

lipoxygenase inhibitor (AA-861) on bronchial responsiveness to acetyl-
choline in asthmatic subjects. Thorax 1986;41:955-9.

Shimada T, Matsumoto M, Wakabayashi S, Tomiyama A, Okazaki M.

Effects of egualen sodium eyedrops on guinea pig conjunctiva. Jpn J
Ocular Pharm 1995;9:35-9.

. Takami M, Matsumoto K, Takata Y, Furuhama K, Tsukada W. Possible

role of thromboxane A2 in hyperresponsiveness of isolated rat lung tissue



J ALLERGY CLIN IMMUNOL
VOLUME 103, NUMBER 6

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

in sephadex-induced eosinophilia model. Int Arch Allergy Immunol 25.
1995;106:401-9.

Nusing, R, Ullrich V. Immunoquantitation of thromboxane synthase in
human tissues. Eicosanoids 1990;3:175-80.

Namba T, Sugimoto Y, Hirata M, Hayashi Y, Honda A, Watanabe A, et al.
Mouse thromboxane A2 receptor: cDNA cloning, expression and north-
ern blot analysis. Biochem Biophys Res Commun 1992;184:1197-203. 27.
Itoh K, Mukaiyama O, Satoh Y, Yamaguchi T, lizuka Y. Effects of CS-
5181, a thromboxane synthase inhibitor, on eosinophil function. Eur J
Pharmacol 1993;239:159-69.

Agrawal DK, Takami M, Ono S-E. A novel thromboxane synthetase
inhibitor, DP-1904, inhibits human blood eosinophil degranulation.
Inflammation 1997;21:1-8.

Shi H, Yokoyama A, Kohno N, Hirasawa Y, Kondo K, Sakai K, et al.
Effect of thromboxane A2 inhibitors on allergic pulmonary inflammation
in mice. Eur Respir J 1998;11:624-9.

Shiraishi M, Kato K, Terao S, Ashida Y, Terashita Z, Kito G. Quinines. 4.
Novel eicosanoid antagonists: synthesis and pharmacological evaluation
J Med Chem 1989;32:2214-21.

Ashida Y, Matsumoto T, Kuriki H, Shiraishi M, Kato K, Terao S. A novel
anti-asthmatic quinone derivative, AA-2414 with a potent antagonistic
activity against a variety of spasmogenic prostanoids. Prostaglandins32.
1989;38:91-112.

Hiramoto A, Makino N, Achida Y. The effect of AA-2414 (seratrodust)
on the production of cytokines in antigen-sensitized splenic mononucleai
cells [abstract]. Jpn J Allergol 1997;46:825.

Fujimura M, Sakamoto S, Saito M, Miyake Y, Matsuda T. Effects of a
thromboxane A2 receptor antagonist (AA-2414) on bronchial hyperre-
sponsiveness to methacholine in subjects with asthma. J Allergy Clin34.
Immunol 1991;87:23-7.

Baggiolini M, Dahinden CA. CC chemokines in allergic inflammation.
Immunol Today 1994;15:127-33.

American Thoracic Society. Standards for the diagnosis and care 035.
patients with chronic obstructive pulmonary disease (COPD) and asthma
Am Rev Respir Dis 1988;136:225-44.

Takishima T, Hida W, Sasaki H, Suzuki S, Sasaki T. Direct-writing
recorder of the dose-response curves of the airway to methacholine
Chest 1981;80:600-6.

Cordell JL, Falini B, Erber WN, Ghosh AK, Abdulaziz Z, Macdonald S,
et al. Immunoenzymatic labeling of monoclonal antibodies using
immune complexes of alkaline phosphatase and monoclonal anti-alkaline37.
phosphatase (APAAP Complexes). J Histochem Cytochem 1984;32:219
29.

Humbert M, Ying S, Corrigan C, Menz G, Barkans J, Pfister R, et al.
Bronchial mucosal expression of the genes encoding chemokine<38.
RANTES and MCP-3 in symptomatic atopic and nonatopic asthmatics:
relationship to the eosinophil-active cytokines interleukin (IL)-5, granu-
locyte macrophage-colony-stimulating factor, and IL-3. Am J Respir Cell
Mol Biol 1997;16:1-8.

26.

28.

29.

30.

31.

33.

36.

Hoshino et al 1061

Kuhn DC, Stauffer JL, Gaydos W, Lacey SL, Demers LM. An inhibitor
of thromboxane production attenuates tumor necrosis factor release by
activated human alveolar macrophages. Prostaglandins 1993;46:195-205.
Caughey GE, Pouliot M, Cleland LG, James MJ. Regulation of tumor
necrosis factoor and IL-1B synthesis by thromboxane A2 in nonadher-
ent human monocytes. J Immunol 1997;158:351-8.

Narita S, Asakura K, Kataura A. Effects of thromboxane A2 receptor
antagonist (Bay u 3405) on nasal symptoms after antigen challenge in
sensitized guinea pigs. Int Arch Allergy Immunol 1996;109:161-6.

Foegh ML, Maddox YT, Ramwell PW. Human peritoneal eosinophils and
formation of arachidonate cyclooxygenase products. Scand J Immunol
1986;23:599-603.

Stellato C, Beck LA, Gorgone GA, Proud D, Schall TJ, Ono SJ, et al.
Expression of the chemokine RANTES by a human bronchial epithelial
cell line. J Immunol 1995;155:410-8.

Wang JH, Devalia JL, Xia C, Sapsford RJ, Davies RJ. Expression of
RANTES by human bronchial epithelial cells in vitro and in vivo and the
effect of corticosteroids. Am J Respir Cell Mol Biol 1996;14:27-35.
Berkman N, Krishnan VL, Gilbey T, Newton R, O’Connor B, Barnes PJ,
et al. Expression of RANTES mRNA and protein in airways of patients
with mild asthma. Am J Respir Crit Care Med 1996;154:1804-11.
Devergne O, Marfaing-Koda A, Schall TT, Leger-Ravet M-B, Sadick M,
Peuchmaur M, et al. Production of the RANTES chemokine in delayed-
type hypersensitivity reactions: involvement of macrophages and
endothelial cells. J Exp Med 1994;179:1689-94.

Lukacs NW, Strieter RM, Shaklee CH, Chensue SW, Kunkel SL.
Macrophage inflammatory proteiralinfluences eosinophil recruitment

in antigen-specific airway inflammation. Eur J Immunol 1995;25:245-51.
Ying S, Meng Q, Taborda-Barata L, Corrigan CJ, Barkans J, Assoufi B,
et al. Human eosinophils express messenger RNA encoding RANTES
and store and release biologically active RANTES protein. Eur J
Immunol 1996;26:70-6.

Ying S, Taborda-Barata L, Meng Q, Humbert M, Kay AB. The kinetics
of allergen-induced transcription of messenger RNA for monocyte
chemotactic protein-3 and RANTES in the skin of human atopic subjects:
Relationship to eosinophil, T cell, and macrophage recruitment. J Exp
Med 1995;181:2153-9.

Schall TJ, Jongstra J, Dyer BJ, Jorgensen J, Clayberger C, Davis MM, et
al. A human T cell-specific molecule is a member of a new gene family.
J Immunol 1988;141:1018-25.

Davatelis G, Tekamp-Olson P, Wolpe SD, Hermsen K, Luedke C, Galle-
gos C, et al. Cloning and characterization of a cDNA for murine
macrophage inflammatory protein (MIP), a novel monokine with inflam-
matory and chemokinetic properties. J Exp Med 1988;167:1939-44.
Ryan G, Latimer KM, Dolovich J, Hargreave FE. Bronchial responsive-
ness to histamine: relationship to diurnal variation of peak flow rate,
improvement after bronchodilator, and airway calibre. Thorax
1982;37:423-9.



