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In order to elueidate the mechanism responsible for infiltration of nasal
mucosa by granulocytes, we tested neutrophil chemotactic activity (NCA)
in nasal lavages, by the modified Boyden ehamber method, in 16 patients with
perennial allergic rhinitis (AR), six ASA-sensitive patients with chronie
rhinosinusitis (CRS), and seven normal, nonatopic control subjects (NC).
Nasal seeretions from all three groups showed signifieant NCA (mean
157.1 + 54.0, 62.2 + 20.7, atid 39.4 + 11.4% of FMLP ehetnotactic aetivity
for AR, CRS, and NC subjects, respeetively). Nasal secretions from patients
with AR expressed significantly higher NCA (F<0.02) than did
secretions from NA patients.

NCA was unchanged by heating at 56°C for 60 min and was not
susceptible to degradation by trypsin. Nasal challenge with Dernuitophagoides
pterony.ssimts antigen indueed clinical symptoms and resulted in signifieant
increases in total protein and albumin concentrations in nasal lavages in AR
patients, but failed to change the mean NCA aetivity for up to 40 min
after the challenge. These results indicate that nasal secretions from both
atopie and nonatopic patients express NCA, but its relation to allergic
iiiflamiTiation remains to be established.
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The pathophysiology of chronic allergic rhinitis in-
cludes mucous gland secretion, vascular permeabil-
ity leading to edema, and marked cellular infiltration
of nasal mucosa (22, 23). Although eosinophils and
mast cells are prominent during allergic inflamma-
tion (15, 22), the influx of neutrophils into the nasal
secretions in the course of allergic reaction was also
documented (2, 21). Infiltration of nasal mucosa by
neutrophils may occur in nonallergic rhinitis, and
these cells have enzymatic and mediator content that
may contribute to chronic mucosal inflammation ac-
companying chronic rhinosinusitis (6). The mecha-
nism of cellular infiltration of the airway mucosa is
poorly understood, although several chemotactic
factors have already been described in serum and in
bronchoalveolar lavages following bronchial antigen
challenge (1,7, 19, 26). Increased generation of neu-
trophil chemotactic activity (NCA) in nonallergic
reactions in the airways has also been reported
(9, 13). Although the biochemical and cellular com-

position of nasal secretions does not directly reflect
the situation in the nasal mucosa, nasal washes are
a convenient source of cells and mediators presum-
ably participating in reactions occurring in the nasal
mucosa. The goal of our study was to determine the
presence of NCA in nasal secretions from patients
with allergic and nonallergic nasal inflammation, as
compared with healthy subjects. Furthermore, we
tried to assess the effect of specific nasal challenge
with antigen on NCA in the nasal secretions of atopic
patients.

Material and methods
Subjeets

Sixteen atopic patients with perennial allergic rhin-
itis (AR; mean age 34.3 years), six aspirin-sensitive
patients with chronic rhinosinusitis (CRS; mean age
37.9 years), and seven healthy nonatopic control
volunteers (NC; 29.0 years) agreed to enter the study.
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The AR patients had a history of perennial rhinitis
and positive skin prick test to the house-dust mite
{Dermatophagoides pteronyssinus) antigen. The CRS
patients showed clinical and radiologic evidence of
sinal disease and a history of ASA sensitivity, as
confirmed by oral challenge with acetylsalicylic acid
(11). Nasal steroids and ketotifen were withheld for
at least 3 weeks before the study and oral antihis-
tamines for at least 4 d. The healthy subjects had no
history of allergy or nasal symptoms and had neg-
ative skin tests to a battery of inhalant allergens.

Nasal washes and challenges

Nasal lavages were performed according to the
method previously described (12, 24). In brief, pa-
tients were seated in an upright position, and a soft
rubber catheter was atraumatically inserted along
the floor of the nasal cavity and secured to the cheek.
A hand-held nebulizer was used to deliver nasal la-
vages with normal saline (4 ml each). Lavages were
collected with a suction device. The recovery of nasal
fluid ranged from 70 to 90%, depending on the se-
verity of nasal symptoms. The lavages were kept on
ice and subsequently frozen.

Nasal challenges were performed with a nasal
pump spray delivering 120 jil per puff. Only one nasal
cavity was challenged with buffer; and then in 10-
min intervals with two concentrations of D. pteron-
yssinus allergen extract (Beecham-Bencard, Brent-
ford, UK): 1:100 and 1:10 dilution of the original
bronchial provocation solution. Before the challenge,
a saline washing was collected to serve as base line.
After each challenge, lavages were collected for
10 min and then every 10 min up to 30 min after the
1:10 concentration of the allergen. Clinical symp-
toms were recorded by the symptom score tech-
nique, grading the responses as none = 0, mild = 1,
moderate = 2, or severe = 3. A composite nasal score
was calculated as the sum of individual scores for
blockage, sneezing, and secretion.

Biochemical determinations

Total protein concentration in the nasal lavages was
determined by the method of Lowry et al. (14), al-
bumin was measured by rocket imniunoelectro-
phoresis, and lysozyme was measured by the lyso-
plate assay method (20).

Neutrophil chemotactic assay

Neutrophils were purified from heparinized human
blood by the method of Boyum (3). In brief, 20 ml
venous heparinized blood was mixed with the same
volume of PBS and then underlayered with 10 ml
Histopaque (Sigma Co., St Louis, MO, USA) and

centrifuged at 400 xg for 20 min. The bottom layer
containing the erythrocytes and neutrophils was sus-
pended in a similar volume of 3% dextran (Sigma,
St Louis, MO, USA) in normal saline for 20 min.
The neutrophil-rich layer was aspirated, resuspended
in red-cell lysing buffer, and then washed twice with
HBSS. A cell count was performed, and viability
was determined by trypan blue dye exclusion. Cells
were than resuspended in HBSS containing 0.5%
w/v ovalbumin as 1 X 10"'' PMNs/ml. The cell pop-
ulation included 95-97% neutrophils, 1-2% eosi-
nophils, and 3-4% mononuclear cells.

The chemotactic activity present in nasal washes
or in gel chromatography fractions was measured in
a 48-well chemotaxis chamber (Neuro Probe, Be-
thesda, MD, USA) (5). A 3-|am pore, 10-|im-thick,
polyvinyl pyrrolidone-free polycarbonate filter (Nu-
clepore Pleasanton, CA, USA) was used (8). Twenty-
five microliters of lavage fluid was placed in the bot-
tom wells of the chamber. The control wells contained
buffer or FMLP in a concentration of 10"^ mol/1.
Fifty microliters of the cell suspension was intro-
duced into each well of the top plate, and the cham-
ber was incubated at 37°C for 90 min. The mem-
brane was fixed in absolute methanol for 5 min and
stained with Wright's stain. The NCA was measured
by counting the number of granulocytes that tra-
versed the membrane in eight random high-power
microscopic fields. Data were expressed as numbers
of cells migrating per 8 HPF or as a percentage of
the chemotaxis induced by 10"^ FMLP. All proce-
dures were run in a blind fashion, and each sample
was assayed in duplicate. The intraday variation of
the method was 15.1% (CV) and the interday vari-
ation 19.8% (CV).

Statistical analysis

Results are presented as mean + SEM, and signifi-
cance was calculated by a one-tailed Wilco-xon rank
sum test or Student's paired t-test. Correlations be-
tween measurements were determined by Spear-
man's rank correlation test.

Results
Proteins and NCA in basal nasal washes

The base-line nasal lavages of all three group stud-
ied are compared in Table 1. Although AR and CRS
patients tended to have higher concentrations of total
protein and albumin than did NC, the mean differ-
ences were not statistically significant. The albumin
percentage was significantly higher in both AR and
CRS patients than in NC.

Preliminary experiments demonstrated that undi-
luted nasal washes from atopic patients contained a
significant amount of NCA, and the effect of dilution
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Table 1. Proteins and neutrophil chemotactic activity (NCA) in basal nasal washes

Number of subjects
Total protein (ng/ml|

Albumin (ng/ml)
Albumin %

Lysozyme (ng/ml)

NCA (% of 10" ' FMLP-induced chemotaxis)

Values are means+SEM.

* f<0.05, as compared with normal controls (Wilcoxon
** P<0.02, as compared with normal controls.
ND=not done.
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bumin percentage (r = 0.70; / ' < 0.001), and lysozyme
activity (/• = 0.49; / '<0.04; Spearman's rank corre-
lation coefficient).

Partial characterization of NCA

When an aliquot of the nasal lavage was trypsinized
and NCA was compared with that of native
material, no significant difference between those
two samples was observed (migration toward na-
tive material 41.7 + 7.9 cells/8 HPF; migration to-
wards trypsinized lavages 48.5 ± 8.1 cells/8 HPF;
/'>0.05). Heating of the nasal washes at 56°C for
60 min did not diminish NCA (NCA was
103.2 ±20.2 cells/8 H P F and 107.0 ±21.6 for un-
heated and heated samples, respectively).

D i l u t i o n
Pig. I. Effect of dilution of nasal washes from 10 atopic patients
on NCA (mean ± SEM).

on this activity was assessed. As shown in Fig. 1,
dilution of the nasal lavage samples increased NCA,
and the greatest chemotactic activity was present in
samples diluted 1:2 and 1:5 in saline; further dilution
again decreased NCA. Therefore, in all experiments
the nasal washes were diluted 1:5 before assaying
NCA.

Basal nasal washes obtained from all three groups
contained NCA that was significantly higher than
the buffer (/><0.001; P<0.05 and /><0.001 for AR,
CRS, and NC patients, respectively; Wilcoxon rank
sum test). NCA in nasal lavages of AR, but not CRS
patients, was significantly higher than in NC sub-
jects (Table 1).

Correlation between concentration of proteins and
NCA

In atopic patients, NCA in nasal washes significantly
correlated with the concentration of total protein
(r=0.55; P<0.02), albumin (r = 0.64; P<O.Ol), al-

NCA in nasal secretion induced by antigen challenge

Allergen challenge resulted in a gradual increase in
symptoms in 8 of 16 patients. Accordingly, patients
were divided into two groups: group P (positive re-
sponse; eight patients) with clinical symptoms after
the challenge and group N (no response; eight pa-
tients) without clinical response to the antigen. We
observed only in group P a significant increase in the
concentration of total protein, albumin, and albumin
percentage (data not shown) in nasal washes col-
lected after insufflation of the highest concentration
of antigen (Fig. 2a, b, and c).

Fig. 3 shows that after nasal antigen challenge
there was no significant change in the mean NCA in
lavages collected for up to 30 min after delivery of
the highest concentration of the antigen (i.e. up to
40 min after the first antigen dose). Nor was there a
significant difference between mean NCA in groups
P and N at any of the time points studied. Analysis
of maximal changes in NCA for individual patients,
without regard to the time point after the challenge,
revealed that in three patients from group P and four
patients from group N, increases in NCA occurred
(mciin increase + 127.8% and -i- 155.1% for group
P and group N, respectively).
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Fig. 2. Mean cumulative symptom score (a), total protein (b), and
albumin concentration (c) in nasal lavages after antigen challenge.
Open circles represent nonresponders (n = 8); closed circles, pa-
tients with clinical symptoms after antigen challenge («= 8).
* P<0.05; ** P<0.01, as compared with base line (paired sam-
ples t-test).

Discussion

Our study demonstrated for the first time that basal
nasal seeretions of both healthy persons and pa-
tients with ehronic rhinitis (allergic or AS A-sensitive)
contain significant chemotactic activity to neutro-
phils. The presence of this activity in asymptomatic
subjects is consistent with observations that nasal
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Fig. 3. Mean NCA in nasal lavages after antigen challenge. Open
circles represent nonresponders; closed circles represent patients
with clinical and biochemical reactions after antigen challenge.

secretions even in healthy persons contain a signif-
icant (as compared with patients with allergic rhin-
itis) number of PMN leukocytes (17). It has been
hypothesized that the presence of PMN leukocytes
in healthy persons may be an expression of physio-
logic infiammation of the nasal mucosa, resulting
from continuous exposure to microorganisms and
inhaled particles (17). Basal secretions obtained
from patients with allergic rhinitis expressed signif-
icantly higher NCA than did secretions of control
healthy persons, and the NCA correlated with local
inflammation, as reflected by concentrations of both
vascular protein (albumin) and glandular protein
(lysozyme). The observation that after antigen chal-
lenges, despite increases of several hundreds of per-
cent in protein concentration, NCA did not increase
in parallel, suggested that the activity was not di-
rectly related to any of these proteins but rather to
the intensity of the inflammatory process in the nasal
mucosa. Accordingly, we have observed that by di-
luting nasal secretions, one can achieve the enhance-
ment of chemotactic activity. This could result from
a loss of some inhibitors of chemotaxis in nasal se-
cretions. The presence of various naturally occurring
inhibitors of chemotaxis that can mask chemotactic
effect has been described in the whole sera (25). It
is likely that similar combinations of multiple, nat-
urally occurring chemotactic factors and inhibitors
are present in the nasal secretions.

We attempted to define the biochemical nature of
NCA from crude nasal washes, confirming its heat
stability and resistance to enzymatic degradation by
proteolytic enzyme. Although heat stability is char-
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acteristic of the HMW-NCF, its resistance to pro-
teolytic degradation is not (10). Further work is
needed to determine the nature and molecular char-
acter of NCA detected in nasal washes.

Only half of house-dust-mite-sensitive patients
demonstrated a positive clinical response to nasal
allergen challenge, reflecting previously described
variabihty in the response of atopic subjects to nasal
allergen challenge (4). In parallel with clinical re-
sponse, these patients had significant and very
consistent increases in biochemical parameters of
mucosal aller^c reaction: total protein, albumin,
albumin percentage, and lysozyme. The present
study shows that antigen-induced immediate allergic
reaction is not consistently associated with an in-
crease in NCA in nasal lavages. The mean increase
of NCA 30 min after antigen challenge in patients
with apparent nasal allergic reaction was only 28%
above basal values and was comparable with the
mean NCA observed 40 min after antigen challenge
in the nonresponsive group. When individual data
were analyzed, some patients from both groups (re-
sponders and nonresponders) demonstrated notice-
able changes from base-line NCA on a single occa-
sion, 10-40 min after the challenge. However, the
changes in NCA were not related to the allergic re-
sponse, since the magnitude of these changes was
similar both in patients who experienced clinical and
biochemical responses to antigen and in patients
without any symptoms after the challenge; hence,
these changes could not be unequivocally attributed
to allergic reaction.

Our results contrast with those of previous stud-
ies in which antigen challenges resulted in apparent
increases in NCA. Nagakura et al. (18) studied three
children with allergic rhinitis and demonstrated that
local instillation of antigen was associated with an
increase in NCA, 10 min after the challenge. How-
ever, in that study the reaction was assessed only by
clinical symptoms, and no control challenges or time
course of NCA generation was reported. On the
other hand, Mackay et al. (16) reported release of
the HMW-NCA in time-dependent fashion after
nasal allergen challenge. Unfortunately, their data
are available only in abstract form, and that does not
allow more detailed comparison with our study. It is
possible that the discrepancies between our study
and the others may result from method of nasal
lavage, e.g. different volume of washes or processing
of samples. Since we have shown that by diluting the
secretions one may influence chemotactic activity, it
may be hypothesized that during the challenge the
relation between NCA and possible inhibitory fac-
tors might have changed, thus resulting in the ob-
served variability.

In conclusion, our results indicate that NCA is
present in nasal secretions of both atopic and non-

atopic subjects. However, further investigations are
required in order to characterize its origin and also
its relevance to nasal mucosal inflammation.
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