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Background: The immunopathologic mechanism of nasal polyp in aspirin-
sensitive asthma remains to be further defined.

Objective: To characterize the features of the inflammatory cellular infiltrate in
the nasal polyp tissue from aspirin-sensitive asthmatic patients.

Methods: We have taken nasal polyp tissue during nasal polyp resection from 13
aspirin-sensitive asthma, 6 allergic, and 12 non-allergic subjects. Immunohisto-
chemistry was employed to stain and enumerate the individual inflammatory cell
types using monoclonal antibodies against tryptase (AA1) to identify mast cells,
against secreted forms of eosinophil cationic protein (EG2), to identify activated
eosinophils, against neutrophil elastase (NE) for neutrophils and against T cell
surface markers (CD3) to identify total T cells.

Results: There were no significant differences in AA11 cells among three
groups (P..05). EG2 1 cells tended to be higher in ASA-sensitive asthmatic
patients than in allergic and non-allergic subjects, but no statistical significance was
observed. NE1 cells were found in most subjects of the three groups and their
numbers were significantly higher in allergic subjects than in aspirin-sensitive
asthma (P,.05). Some patients had CD31 cells with no statistical significance
among the three groups. Significant correlation was found in numbers between
NE1 cell and AA11 cell (r5.44, P5.01), and between NE1 cell and EG21 cell
(r5.40, P5.02).

Conclusion:These findings suggested that major effector cells such as mast cells
and eosinophils might be placed in the center of the inflammatory response of nasal
polyps, regardless of their association with aspirin sensitivity.
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INTRODUCTION
Patients with bronchial asthma and
sensitivity to aspirin and/or other non-
steroidal anti-inflammatory drugs have
a high prevalence of accompanying
symptoms of rhinosinusitis including
rhinorrhea, nasal congestion, anosmia,
loss of taste, and recurrent severe nasal
polyposis.1,2 The pathogenetic mecha-
nism of aspirin-induced asthma still re-
mains to be further studied. Upon chal-

lenge with aspirin, these patients
increased cysteinyl leukotriene release
as detected in urine3 and in nasal la-
vage,4,5 which does not occur in aspi-
rin-tolerant subjects. Leukotrienes are
known to be potent bronchoconstric-
tors, which stimulate bronchial mucus
secretion, increase vascular permeabil-
ity, and induce chemotaxis to inflam-
matory cells.6 Immunohistochemical
study of the bronchial mucosa from
both ASA-sensitive and non-ASA-sen-
sitive asthmatic subjects showed an in-
creased inflammatory cell infiltration
which include eosinophils, mast cells,
and lymphocytes.7 The pathogenetic
mechanism for development of the na-
sal polyp associated with aspirin sen-
sitivity remains unclear. There have

been few studies dealing with immu-
nohistochemical analysis of nasal
polyp tissue with a panel of monoclo-
nal antibodies to inflammatory cells.
Histologic examination showed that
nasal mucosa from aspirin-sensitive
asthmatic patients did not seem to dif-
fer from those removed from ASA-
tolerant patients.8 The present study
was designed to understand further the
underlying immunopathologic mecha-
nism for the development of nasal
polyps in ASA-sensitive asthmatic
subjects by using an immunohistocy-
tochemical method with monoclonal
antibodies to four major inflammatory
cells.

MATERIALS AND METHOD

Subjects
Nasal polyps were obtained from 13
subjects with ASA-sensitive asthma,
aged between 29 and 62 years (mean
45.8 years) who had complained of
rhinorrhea and nasal obstruction as
well as asthmatic symptoms at Allergic
Clinic of Ajou University Hospital,
Suwon, Korea. To confirm aspirin sen-
sitivity, lysine-aspirin (L-ASA) bron-
choprovocation test was performed
and they showed nasal and asthmatic
symptoms with a significant fall of
FEV1 after the inhalation of L-ASA.
As controls, six allergic subjects under
the polypectomy, aged 28 to 50 (mean
38.1 years), who were sensitive to
house dust mite were chosen. They
fulfilled the following criteria as$31
A/H ratio to house dust mite on skin
prick test, and$21 d2-RAST. Sixteen
non-allergic subjects under the
polypectomy, aged between 28 and 55
years (mean 40.5 years), who showed
all negative responses on skin prick
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test with common inhalant allergens
were enrolled. None of the control pa-
tients had aspirin intolerance. The clin-
ical characterization of the three study
groups are listed in Table 1. There
were no significant differences in age
and duration of nasal symptoms before
the polypectomy. None of all the study

subjects had used topical steroids for at
least 4 weeks prior to obtaining the
polyp. The subjects having any evi-
dence of bacterial or viral infections
during the nasal polypectomy were ex-
cluded in this study. Immediately after
the surgical removal, the polyps were
washed with normal saline to remove

stagnant mucus. The middle portion of
the polyp was cut off, and a paraffin-
embedded tissue was prepared imme-
diately. All the subjects gave their
written informed consents as required
by Ajou University Hospital, Suwon,
Korea.

Staining Procedures
A tissue section 4mm thick was
stained with each monoclonal antibod-
ies to inflammatory cells. The antibod-
ies were applied in optimal dilutions
with Tris-buffered saline (TBS) which
was determined by prior titration. Af-
ter deparaffinization and hydration,
sections were incubated with 10% nor-
mal goat serum to block non-specific
binding. Subsequently, they were incu-
bated overnight with primary anti-
bodies in either 1:200 AA1 (Dako,
Denmark), 1:200 EG2 (Pharmacia,
Sweden), 1:20 CD3 (Dako, Denmark)
or 1:200 NE (Dako, Denmark) at room
temperature. For detection, a streptavi-
din-peroxidase complex (Dako, Den-
mark) with deaminobenzidine as chro-
mogen was used, and sections were
counter-stained with Mayors’ haema-
toxyline. For negative controls, the pri-
mary antibody was omitted.

Evaluation
The sections were evaluated by con-
ventional light microscopy (3100,
3200,3400). The numbers of stained
cells were counted and presented as
cells/mm2 of tissue area according to
Fokkens et al.9 Four areas per one tis-
sue were estimated by superimposing a
grid of 100 points (intersection of
crosses covering a surface area of 0.5
mm2) on the section and by using an
eyepiece graticulate at 200 magnifica-
tion. Mean cell counts were derived
from the summation of four fields.

Statistical Analysis
The Mann-Whitney U and ANOVA
tests were applied using the SPSS ver-
sion 7.0 (Chicago, USA) to evaluate
the statistical differences among the
data. A P value of .05 or less was
regarded as significant.

Table 1. Clinical features of the study subjects

Patient
Sex/
Age

Total
Eosinophil

Count

Duration
of Nasal

Symptoms
(m)

Aspirin
Intolerance

Topical Steroid

I. ASA-intolerant group
1 F/29 600 38 P stopped for 4 weeks

prior to the study
2 F/30 400 26 P “
3 F/57 400 28 P “
4 F/52 300 48 P “

5 M/36 400 25 P “
6 F/54 200 36 P “
7 F/57 400 46 P “

8 F/55 300 28 P “
9 F/33 400 34 P “

10 F/62 600 26 P “
11 F/32 400 48 P “

12 M/56 200 50 P “
13 F/43 400 60 P “

II. Non-allergic group
1 F/42 500 24 N “
2 F/35 400 28 N “
3 M/28 600 36 N “
4 F/30 300 43 N “

5 F/43 400 24 N “
6 M/30 200 28 N “
7 F/30 300 38 N “
8 M/34 400 34 N “

9 F/55 600 52 N “
10 F/48 400 60 N “
11 F/50 900 48 N “
12 M/45 300 36 N “

13 F/46 200 44 N “
14 F/42 400 22 N “
15 F/38 300 28 N “
16 F/52 400 38 N “

III. Allergic group
1 M/28 600 28 N “
2 M/35 400 36 N “
3 F/32 800 34 N “

4 F/45 400 26 N “
5 F/50 600 32 N “
6 M/38 300 48 N “

F 5 female, M 5 male, m 5 month, P 5 positive (intolerant) and N 5 negative (tolerant).
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RESULTS

Eosinophil
In all the subjects, there was an abun-
dant EG21 cells in both stroma and
epithelium (Fig 1A), which did not dif-
fer significantly among the three
groups (P5.16) (Fig 2). The EG21
cell of subjects with ASA-sensitive
asthma and allergic subjects tended to
be higher than non-allergic controls,
however, with no statistical signifi-
cance (P5.22). This indicated that ac-
tivated eosinophils are involved in the
nasal polyp generation in ASA-sensi-
tive asthma.

Mast Cell
All subjects had tryptase-containing
mast cells (AA1) in both epithelium
and stroma (Fig 1B), which did not
differ significantly among the three
groups as shown in Fig 2 (P5.54).
There was a tendency for AA11 cells
to be higher in the subjects with ASA-
sensitive asthma and allergic subjects
than in non-allergic controls, but no
statistical significance was observed
(P5.28, P5.08, respectively). No sta-
tistical significance was noted between
the subjects with ASA-sensitive
asthma and allergic subjects (P5.51).

Neutrophil
Elastase-containing neutrophils were
found in most subjects of three indi-
vidual groups, and their numbers were
significantly higher in allergic subjects
than in aspirin-sensitive asthma as
shown in Fig 2 (P5.02). Comparing
the allergic and non-allergic subjects,
NE1 cells were significantly higher in
allergic subjects than in non-allergic
controls (P5.01).

Lymphocytes
The number of lymphocytes varied
considerably among biopsy specimens;
the number of CD31 T lymphocytes/
mm2 section ranged between 0 and
106/mm2. There was no significant dif-
ference in CD31 cells among the three
groups, although CD31 T cells of al-
lergic subjects tended to be higher than
in non-allergic controls or ASA-sensi-

tive asthmatic subjects (P5.62,
P5.13, respectively).

Relationship Between Inflammatory
Cells
Figure 3 shows correlation between
NE1 and AA11 cells (3A) or EG21
cells (3B). Significant correlation was
noted in the numbers between NE1
and AA11 cells (r5.44, P5.01) or
EG21 cells (r5.40, P5.02).

DISCUSSION
Inflammatory processes within the mu-
cosa of the upper respiratory tract is
believed to play an important role in
development of nasal polyp. The in-
flammatory cellular infiltrate in nasal
polyps has been shown to consist of
eosinophils, lymphocytes, plasma
cells, and mast cells10–12 to an extent
which is similar to that observed in the

Figure 1. Infiltrated cells of nasal polyp tissue section of aspirin-sensitive asthma, positively stained
with antibodies to secreted form of eosinophil cationic protein (upper panel,3100) and mast cell tryptase
(lower panel,3200).
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bronchial mucosa of asthmatics. This
suggests that the inflammatory mech-
anisms of the two diseases may be
similar.13 Nasal polyps are commonly
found in patients with chronic respira-
tory disorders, especially in ASA-sen-
sitive asthma. When compared with
allergic and non-allergic subjects, the
information on the immunologic pro-
cesses occurring in the nasal polyp of
ASA-sensitive asthma is rather lim-
ited. Immunohistochemical studies
employing monoclonal antibodies to
immunologically relevant cells can be
helpful to understand these aspects.
The present study was undertaken to
detect any differences in inflammatory
cellular populations and their extent in
nasal polyps that were derived from
allergic and non-allergic subjects, and
those from patients with ASA-sensi-
tive asthma.

Studies of epithelial toxicity exerted
by arginine-rich, cationic proteins of

eosinophils, and bronchial biopsy and
lavage studies from asthmatics sug-
gested eosinophils as prime effector
cells in asthma irrespective of the pres-
ence of atopy.14 Although the mecha-
nism of eosinophilia is poorly under-
stood, their presence in nasal polyp
tissue implicated them in the pathogen-
esis of this disease as well.15 In addi-
tion to releasing many inflammatory
and pro-inflammatory mediators that
are either vaso-active and/or broncho-
active or toxic to the epithelium, eo-
sinophil is an important source of cy-
tokines, particularly IL-3,16 GM-
CSF,16 and IL-5.17 A recent study18

showed more EG21 cells in biopsy
specimens of both nasal polyps and
unaffected mucosa of the middle and
inferior turbinate than in biopsies of
the nasal mucosa of healthy control
subjects. Further, more EG21 cells
were noted in patients with nasal pol-
yps who had chronic obstructive pul-

monary disease or asthma than in those
without.

Higher eosinophil cationic protein
and eosinophil counts were noted in
nasal lavage fluid from ragweed-sensi-
tive rhinitis patients with polyposis
than those without them, suggesting
that an excessive response by activated
eosinophils may induce more profound
inflammatory process of the nasal pol-
yps.18 In this study, EG21 cells were
abundant in both epithelial and stromal
layers of three individual groups, irre-
spective of whether they had allergic,
non-allergic background, or ASA-sen-
sitive asthmatic subjects. EG21 cell
numbers, however, tended to be higher
in nasal polyps from ASA-sensitive
asthma than in the other two groups,
indicating that the activated eosino-
phils could participate in the genera-
tion of nasal polyps in ASA-sensitive
asthma. Further investigations with ex-
tended sample size of each group will
be needed to understand the role of
eosinophils in nasal polyp inflamma-
tion from aspirin-sensitive asthmatic
subjects.

Mast cells are believed to be the key
cells in allergic inflammation with an
ability to release both chemical medi-
ators and cytokines in response to
cross-linkage of surface-bound IgE by
allergen.19 Our study has shown that all
polyp specimens had tryptase-contain-
ing mast cells in both epithelial and
stromal layers. The numbers of AA11
cell tended to be higher in the ASA-
sensitive asthma and allergic subjects
than in non-allergic subjects, suggest-
ing that activated mast cells which de-
granulated and released tryptase could
participate in nasal polyp generation in
ASA-sensitive asthma similarly in al-
lergic and non-allergic subjects.

There have been several studies on
the role of neutrophils in allergic in-
flammation. Following allergen chal-
lenge, one study showed that BAL
neutrophil numbers increased relative
to baseline in asthmatics but not in
normal subjects at 4 hours, whereas by
24 hours this difference had disap-
peared. High molecular weight neutro-
phil chemoattractant thought to be re-
leased by mast cells was detected

Figure 2. Comparison of inflammatory cell counts expressing AA1 (mast cell), EG2 (activated
eosinophil), CD3 (pan T cells), and NE (neutrophil) in nasal polyp tissues from ASA-sensitive asthma,
allergic, and non-allergic controls. Expressed as the number of positive cells per mm2. Median values are
represented by horizontal bars.
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following allergen challenge, appear-
ing within minutes and persisting for at
least 24 hours.20 In this study, neutro-
phils were found in most subjects of
the three groups. Interestingly, their
numbers were significantly higher in
allergic subjects than those from ASA-
sensitive asthma and non-allergic con-
trols in spite of no definite evidence for
associated infections. NE1 cell count
was not related to nasal polyp size.
Further, significant correlation was
found in counts between NE1 and
AA11 cell. These findings may sug-

gest that mast cells might participate in
the neutrophil recruitment in inflam-
mation response of nasal polyp and
there has been a possible involvement
of neutrophil in the nasal polyp inflam-
mation. Further studies will be needed
to investigate the role of neutrophil in
nasal polyp inflammation.

It was suggested that T cell has a
regulatory role in airway inflamma-
tion.21 Using the cryosection of nasal
polyp, a recent study showed an evi-
dence of lymphocytic infiltration in the
tissue,22 and found that their subsets

(CD3, CD4, and CD8) were not differ-
ent between atopic and non-atopic pa-
tients. In the present study, although T
cell number varied, 25% of ASA-sen-
sitive asthma (three subjects) of ASA-
sensitive asthma, 50% of allergic and
11.3% of non-allergic subjects had
CD31 cells in both epithelial and stro-
mal layer of nasal polyp tissue. It
should be noted, however, that the me-
dian numbers of CD31 cell were not
significantly different among them.
These results suggested a possible reg-
ulatory role of T cell in inflammatory
reaction of nasal polyp tissue, regard-
less of whether they were derived from
ASA-sensitive asthma, allergic, or
non-allergic subjects.

In conclusion, this study suggests
that major effector cells, eosinophils,
and mast cells may be responsible for
inflammatory response of nasal pol-
yps, whether the nasal polyp is associ-
ated with aspirin-sensitivity or not.

ACKNOWLEDGMENT
The authors are grateful to Dr. Andrew
Walls (Southampton University, UK)
for providing AA1 antibody.

REFERENCES
1. Pleskow WW, Stevenson DD, Mathi-

son DA. Aspirin-sensitive rhino-
sinusitis/asthma: spectrum of adverse
reactions to aspirin. J Allergy Clin Im-
munol 1983;71:574–579.

2. Zetts HJ. Bronchial asthma nasal pol-
yps, and aspirin sensitivity: Samter’s
syndrome. Clin Chest Med 1988;9:
576–6.

3. Christie PE, Taggari P, Lee AW. Uri-
nary leukotriene E4 concentrations in-
crease after aspirin challenge in aspi-
rin-sensitive asthmatic subjects. Am
Rev Respir Dis 1991;143:1025–1029.

4. Ferrari NR, Howland WC, Stevenson
AD, et al. Release of leukotrienes,
prostaglandins and histamine into na-
sal secretions of aspirin-sensitive asth-
matics during reactions to aspirin. Am
Rev Respir Dis 1988;137:847–854.

5. Ortolani C, Mirone C, Fontana A, et al.
Study of mediators of anaphylaxis in
nasal wash fluids after aspirin and so-
dium meta-bisulphite nasal provoca-
tion in intolerant rhinitic patients. Ann
Allergy 1987;59:106–112.

6. Drazen JM, Austen FK. Leukotrienes

Figure 3. Correlation between NE1 and AA11 cells (upper panel) or EG21 cells (lower panel).
Significant correlation was noted between NE1 cell and AA11 cells (r5.44, P5.01) or EG21 cells
(r5.40, P5.02).

VOLUME 81, SEPTEMBER, 1998 223



and airway responses. Am Rev Respir
Dis 1987;136:985–998.

7. Shuaib Nasser SM, Pfister R, Christie
PE, et al. Inflammatory cell popula-
tions in bronchial biopsies from aspi-
rin-sensitive asthmatic subjects. Am J
Respir Crit Care Med 1996;153:
90–96.

8. Holopainen E, Møkinen J, Paavolainen
M, et al. Nasal polyposis. Acta Otolar-
yngol 1979;87:330–334.

9. Fokkens WJ, Holm AF, Rijntjes E, et
al. Characterization and quantification
of cellular infiltrates in nasal mucosa
of patients with grass pollen allergy,
non-allergic patients with nasal polyps
and controls. Int Arch Allergy Appl
Immunol 1990;93:66–72.

10. Hamilos DL. Nasal polyps as immu-
noreactive tissue. Allergy Asthma Proc
1996;7:17:293–296.

11. Stoop AE, can der Hijden HAMD,
Biewenga J, et al. Lymphocytes and
non-lymphoid cells in human nasal
polyps. J Allergy Clin Immunol 1991;
87:470–475.

12. Kawabori S, Denburg JA, Schwarz
LB, et al. Histochemical and immuno-
histochemical characteristic of mast
cells in nasal polyps. Am J Respir Cell

Mol Biol 1992;6:37–43.
13. Djukanovic R, Wilson JW, Britten

KM, et al. Quantitation of mast cells
and eosinophils in the bronchial mu-
cosa of symptomatic atopic asthmatics
and healthy control subjects using im-
munohistochemistry. Am Rev Respir
Dis 1990;142:836–871.

14. Bousquet J, Chanez P, Larose JY, et al.
Eosinophilic inflammation in asthma.
N Engl J Med 1990;323:1033–1039.

15. Park HS, Jung KS, Shute J, et al. Al-
lergen-induced release of GM-CSF
and IL-8 in vitro by nasal polyp tissue
from atopic subjects prolongs eosino-
phil survival. Eur Resp J 1997;10:
1476–1482.

16. Kita H, Ohnishi T, Okubo Y, et al.
Granulocyte/macrophage colony-stim-
ulating factor and interleukin 3 release
from human peripheral blood eosino-
phils and neutrophils. J Exp Med 1991;
174:745–748.

17. Desreumaux P, Janin A, Colombel JF,
et al. Interleukin 5 messenger RNA
expression by eosinophils in the intes-
tinal mucosa of patients with celiac
disease. J Exp Med 1992;175:
293–296.

18. Keith PK, Conway M, Evans S, et al.

Nasal polyps: effects of seasonal aller-
gen exposure. J Allergy Clin Immunol
1994;93:567–574.

19. Redington AE, Howarth PH. Mast
cells, cytokines and asthma. Can Re-
spir Dis 1994;1(2):1–9.

20. Nagy L, Lee TH, Kay AB. Neutrophil
chemotactic factor in antigen-induced
late asthmatic reactions. N Engl J Med
1982;306:497–501.

21. Bentley AM, Memz G, Storz G, et al.
Identification of T lymphocytes, mac-
rophages and activated eosinophils in
the bronchial mucosa in intrinsic
asthma: relationship to symptoms and
bronchial responsiveness. Am Rev Re-
spir Dis 1992;146:500–506.

22. Lin C-M, Shun C-T, Hsu M-M. Lym-
phocytes subsets and antigen-specific
IgE antibody in nasal polyp. Ann Al-
lergy 1994;72:19–24.

Request for reprints should be addressed to:
Hae-Sim Park, MD
Department of Allergy & Clinical Immunology
Ajou University School of Medicine
Paldalgu Wonchondong San-5
Suwon, Korea 442-749

224 ANNALS OF ALLERGY, ASTHMA, & IMMUNOLOGY


