Mechanism of neutrophil recruitment induced
by IL-8 in chronic sinusitis
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Background: The mechanism of neutrophil recruitment in patients with chronic sinusitis is

unclear.

Objective: This study aims to elucidate the role of IL-8 in inducing neutrophil accumulation
in the nasal discharge of patients with chronic sinusitis.

Methods: Nasal discharge and mucosal specimens were obtained from two groups of patients,
those with chromic sinusitis and those with allergic rhinitis. The samples were subjected to
immunohistochemical examination and in situ hybridization. The IL-8 level in the nasal
discharge was measured by enzyme immunoassay.

Results: Immunoreactivity to IL-8 was observed in polymorphonuclear cells of nasal smear,
in nasal gland duct cells, and in epithelial cells of the chronic sinusitis group; whereas those
of the allergic rhinitis group mostly showed little or no reaction. Similar patterns of
localization were shown by in situ hybridization for IL-8 messenger RNA. The IL-8 level in
nasal discharge was significantly higher in the chronic sinusitis group than in the allergic

rhinitis group.

Conclusion: These results suggest that chemotactic factors in sinus effusion, including IL-8
derived from nasal gland duct cells and epithelial cells, attract neutrophils out of mucosa, and
the neutrophils that have emigrated info the sinus effusion secrete IL-8. This induces further
neutrophil accumulation in the sinus effusion of patients with chronic sinusitis. (J Allergy Clin

Immunol 1996,98:659-70.)
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Chronic sinusitis is a common inflammatory
paranasal sinus disease, which is clinically charac-
terized by edematous hypertrophy of the paranasal
mucosa and persistent purulent nasal discharge
and paranasal sinus ecffusion with selective and
vigorous recruitment of neutrophils.!-> Despite the
high incidence of the disease and many investiga-
tions into chronic sinusitis, its cause and pathogen-
esis are not clearly understood. Some patients are
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Abbreviation used
PBS: Phosphate-buffered saline

known to have allergic predisposing factors,* but in
many patients upper respiratory infection precedes
the onset of the disease.” Because differentiation
between allergic and infective sinusitis is some-
times difficult,® careful clinical and laboratory ex-
aminations should be performed for accurate di-
agnosis. In bacterial culture, indigenous bacteria
such as Staphylococcus aureus and Haemophilus
influenzae are frequently isolated from the secre-
tion in the middle nasal meatus where paranasal
sinus ostia are located.” However, remissions
achieved in response to antibiotic therapy are only
partial and temporary, and the course of the
disease tends to be protracted and repeatedly
aggravated. In recent years, it has been reported
that administration of erythromycin is effective in
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FIG. 1. Profile of infiltrated polymorphonuciear

Allergic rhinitis

cells in patients with chronic sinusitis and

patients with allergic rhinitis. Each value represents the ratio of neutrophils and eosinophils to
the total number of polymorphonuclear cells (n = 10). Bars indicate mean + SEM. **p < 0.001.

treating sinobronchial syndrome, even if the dose
of the drug is below the level that exerts bacteri-
cidal action.®'° These observations suggest that
chronic sinusitis is not simply a chronic bacterial
infection and that some other mechanism under-
lies the prolongation of this disease.

So far, the mechanism of neutrophil chemotaxis
and the function of the neutrophils in the inflamed
site of chronic sinusitis are not well documented. It
has been observed that activation of recruited
neutrophils brings about tissue destruction, as well
as antibacterial defense by the host. In addition,
neutrophils are known to be not merely terminal
effector cells; they can also affect other cells by
releasing various cytokines.!''? More recently,
IL-8 has been discovered to be an inflammatory
cytokine that is a potent activating and chemotactic
factor of neutrophils.’® !° It has been revealed that
IL-8 participates in the pathogenesis of a variety of
neutrophil-infiltrating chronic inflammatory dis-
eases such as chronic bronchitis,? 2! bronchiecta-
sis,?” cystic fibrosis,?’ rheumatoid arthritis, % pso-
riasis,>?® ulcerative colitis,>*! and Crohn’s
disease.’® 3! These results suggest an important
reciprocal relationship between neutrophils and
IL-8 in chronic sinusitis. This study was performed
in an attempt to elucidate the role of IL-8 in

inducing neutrophil accumulation in nasal dis-
charge of patients with chronic sinusitis.

METHODS
Reagents

Anti-human IL-8 polyclonal antibody (made in rabbit)
was purchased from Upstate Biotechnology, Inc. (Lake
Placid, N.Y.). Biotinylated anti-rabbit IgG antibody
(made in goat), normal goat serum, normal rabbit
serum, and avidin-biotinylated peroxidase complexes
were obtained from Vector Laboratory, Inc. (Burlin-
game, Calif.). Diaminobenzidine tetrahydrochloride was
purchased from Sigma Chemical Co. (St. Louis, Mo.),
and Hansel solution (Eosinostain) was purchased from
Torii Co. (Tokyo, Japan). DIG Oligonucleotide Tailing
Kit and DIG Nucleic Acid Detection Kit were purchased
from Boehringer Mannheim (Mannheim, Germany).

Patients

Samples were obtained from two groups of patients,
those with nonallergic chronic sinusitis (chronic sinusitis
group) and those with allergic rhinitis but without sinus-
itis (allergic rhinitis group). Chronic sinusitis was diag-
nosed by clinical history, rhinoscopic examination, para-
nasal sinus x-rays studies, dominant neutrophils without
eosinophils in nasal smear, and negative RAST for
specific serum IgE. Allergic rhinitis was diagnosed by
clinical history, rhinoscopic examination, paranasal sinus
x-ray studies, dominant eosinophils with a negligible
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FIG. 2. Immunohistochemical staining for IL-8 of the nasal smear. A, Chronic sinusitis. Positive
staining is observed in the cytoplasm of polymorphonuclear cells. B, Allergic rhinitis. C, Chronic

sinusitis. Negative control.

number of neutrophils in nasal smear, and positive
RAST. House dust mite, Japanese cedar pollen, orchard
grass pollen, and short ragweed pollen were examined as
allergic antigens in RAST, which were evaluated to be
positive when at least one item was present. The patients
with allergic rhinitis were those with perennial allergy or
seasonal allergy in their allergy season. The chronic
sinusitis group consisted of 46 patients, 30 male and 16
female subjects, ranging in age from 5 to 84 years, with
an average age of 43.9 years. The allergic rhinitis group
consisted of 41 patients, 17 male and 24 female subjects,
ranging in age from 7 to 48 years, with an average age of
24.1 years.

Collecting sampies

The patients did not receive antibiotics, antihista-
mines, antiallergic medicine, or corticosteroids for at
least 1 week before sample collection. Three kinds of
samples were collected from patients. (1) Nasal dis-
charge was collected with a cotton-tipped swab, and
spread on a poly-L-lysine-coated slide (Muto Pure
Chemicals Co., Ltd., Tokyo, Japan) for immunohisto-
chemical examination or on an aminopropyltriethoxysi-
lane-coated slide (Dako, Tokyo, Japan) for in situ
hybridization. In the case of thick discharge, a small
volume of saline solution was added before spreading.
The smear preparations were dried in air and stored at
—80° C until use. (2) Ethmoidal mucosa of patients with
chronic sinusitis and inferior turbinate mucosa of pa-
tients with allergic rhinitis were obtained during sinus
surgery and turbinectomy, respectively. The operation

TABLE I. Immunohistochemical reactivity
for IL-8 of the nasal smear

] 1+ 24 3+ Total

Chronic sinusitis 3 2 4 5 14
Allergic rhinitis 9 2 1 0 12

The number of positively stained cells was scored on a 4-point
scale: 0 (no positive cells), 1+ (a few positive cells), 2+
(positive cells scattered throughout the field), and 3+ (posi-
tive cells forming clusters). Each digit represents the number
of cases. The ratio of positive cases (1+ or more) of chronic
sinusitis (11:14 = 79%) was significantly higher than that of
allergic rhinitis (3:12 = 25%). (Chi square test, p < 0.02).

was performed while patients were under general anes-
thesia without local administration of anesthetic agents
or vasoconstrictor drugs. The surgical specimens were
fixed with 4% paraformaldehyde in 10 mmol/L phos-
phate-buffered saline (PBS) at pH 7.4 for 4 to 6 hours.
(3) Nasal discharge was collected by suction and diluted
5 to 10 times with saline solution. After vortexing, the
sample was centrifuged at 1000 g for 5 minutes, and the
supernatant was stored at —20° C until use.

Celi counting

The nasal smears were stained with Hansel solution.
The mucosal specimens were dehydrated in ethanol,
sectioned at 4 wm while frozen, and stained with hema-
toxylin-eosin. The slides were examined under a light
microscope, and about 100 polymorphonuclear cells
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FIG. 3. Immunohistochemical staining for |L-8 of mucosal sections. A, Chronic sinusitis. Nasal
gland duct cells are positively stained. B, Chronic sinusitis. Mucus in the nasal gland shows
strong reactivity. C, Allergic rhinitis. D, Chronic sinusitis. Negative control.

were counted in each slide. In mucosal specimens infil-
trated polymorphonuclear cells in the epithelium and
the lamina propria were counted.

Immunohistochemical procedure

After fixation, the mucosal specimens were dehy-
drated in ethanol and sectioned at 4 pm with a cryostat.
The nasal smears were fixed with 4% paraformaldehyde
in PBS for 5 minutes and subjected to the following
process. The slides were soaked in 0.45% H,O,/metha-
nol for 30 minutes to block endogenous peroxidase,
treated with 1% normal goat serum in PBS for 1 hour,
and reacted with anti-human IL-8 antibody diluted
%x2000 in PBS containing 1% bovine serum albumin
at 4° C overnight. The samples were treated with 10
pg/ml biotinylated anti-rabbit IgG/PBS containing
1% bovine serum albumin for 1 hour, then incubated
with avidin-biotinylated peroxidase complexes in
PBS containing 1% bovine serum albumin for 1 hour
and developed in 0.02% diaminobenzidine tetra-
hydrochloride and 0.006% H,0,/0.05 mol/L Tris-HCl
at pH 7.6 for 3 minutes. Between incubations the
slides were washed with PBS. As a control, anti-
human IL-8 antibody was replaced by normal rabbit
serum.

In situ hybridization

In situ hybridization for IL-8 was performed as de-
scribed by Miyamasu et al.2 A 5'-untranslated sequence
of exon 1'® (Oncogene Science, Uniondale, N.Y.) was
used for IL-8 antisense oligonucleotide probe and la-

beled with digoxigenin with a DIG Oligonucleotide
Tailing Kit. Negative control was performed by substi-
tuting a sense probe for the antisense probe.

After fixation, ethmoidal mucosae from the chronic
sinusitis group were dehydrated with ethanol and em-
bedded in paraffin. They were then sectioned at a
thickness of 2 wm, placed on an aminopropyltriethoxysi-
lane-coated slide, and deparaffined. The nasal smear was
fixed with 4% paraformaldehyde in PBS and then sub-
jected to the following process. The slides were treated
with 0.2N HCI for 10 minutes, washed with PBS, and
dehydrated with ethanol. They were then treated with
predigested pronase (Calbiochem, San Diego, Calif.) at
room temperature for 15 minutes for prehybridization.
After washing with 0.2% glycine/PBS, the slides were
acetylated in 0.25% acetic anhydride/0.1 mol/L trieth-
anolamine, washed, dehydrated with ethanol, and dried
in air. The hybridization mixture contained a digoxige-
nin-labeled IL-8 oligonucleotide probe (50 pmol/ml),
salmon sperm DNA (80 mg/ml), yeast transfer RNA
(550 pg/ml), 50% formamide, 10 mmol/L Tris-HCI, 0.3
mol/L. NaCl, 1 mmol/L ethylenediamine tetraacetic acid,
10% dextran sulfate, and 1X Denhard’s solution. The
slides were incubated with the hybridization mixture for
18 hours at 45° C, washed, and treated in 3% blocking
reagents (Boehringer Mannheim) for 30 minutes. The
slides were then incubated with alkaline phosphatase—
conjugated - anti-digoxigenin antibody for 2 hours and
developed by nitro blue tetrazolium salt and 5-bromo-
4-chloro-3-indolyl phosphate containing levamisole with
a DIG Nucleic Acid Detection Kit.
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FIG. 4. In situ hybridization for IL-8 mRNA of mucosal sections. A, Chronic sinusitis. Expression of
mRNA can be seen in nasal gland duct cells. B, Allergic rhinitis. C, Chronic sinusitis. Negative control.

Enzyme immunoassay

The supernatant of nasal discharge was subjected to
enzyme immunoassay for IL-8 with the Biotrak IL-8
ELISA system (Amersham International plc., Little
Chalfont, U.K.) according to the manufacturer’s instruc-
tions. Assay range was 187.5 to 6000 pg/ml.

Statistics

Data values were expressed as means = SEM, and
statistical significance of differences was tested by using
a two-tailed Student’s ¢ test, unless otherwise indicated.

Differences were estimated to be significant when p was
less than 0.05.

RESULTS
Profile of infiltrated polymorphonuclear cells

The ratios of neutrophils and eosinophils to the
total number of polymorphonuclear cells are sum-
marized in Fig. 1. Polymorphonuclear cells were all
neutrophils in the nasal discharge of the chronic
sinusitis group, whereas eosinophils were abso-
hutely dominant in the allergic rhinitis group
(99.5% = 0.3%, n = 10). In mucosal sections
infiltrated polymorphonuclear cells were distrib-
uted mainly in the lamina propria, and eosinophils
were predominant compared with neutrophils in
both the chronic sinusitis group (86.8% = 1.6%,
n = 10) and the allergic rhinitis group (94.6% =
1.1%, n = 10). The ratio of neutrophils in the
mucosa of the chronic sinusitis group (13.2% =

1.6%, n = 10) was significantly higher than that of
the allergic rhinitis group (5.4% * 1.1%, n = 10;
p < 0.001) but was still much lower than the ratio
of neutrophils in the nasal discharge of the chronic
sinusitis group (p < 0.001).

immunochistochemical localization of IL-8

Two sets of nasal smear samples were obtained
from one patient simultaneously, and immuno-
staining was performed on each of the samples.
Most of the polymorphonuclear cells in the nasal
smears of patients with chronic sinusitis stained
positively for IL-8 (Fig. 2, 4), whereas polymor-
phonuclear cells of patients with allergic rhinitis
showed little or no reaction (Fig. 2, B). The
number of positively stained cells was scored on a
4-point scale: 0 (no positive cells), 1+ (a few
positive cells), 2+ (positive cells scattered through-
out the field), and 3+ (positive cells forming
clusters). The results are summarized in Table I. In
the chronic sinusitis group, 11 of 14 patients (79%)
showed positive staining (1+ or more), whereas in
the allergic rhinitis group three of 12 patients
(25%) showed positive staining. The positive ratios
were significantly different between the two groups
(chi square test, p < 0.02).

Eleven samples of ethmoidal mucosae in the
chronic sinusitis group and five samples of inferior
turbinate mucosae in the allergic rhinitis group
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FIG. 5. In situ hybridization for IL-8 mRNA of the nasal smear. A, Chronic sinusitis. Polymor-
phonuclear cells exhibit positive staining. B, Allergic rhinitis. €, Chronic sinusitis. Negative

control.

were examined. I1.-8 was found to be localized in
the nasal gland duct cells of the chronic sinusitis
group (Fig. 3, 4). Mucus in the nasal gland of
patients with chronic sinusitis also stained posi-
tively (Fig. 3, B). Meanwhile, the same structures
in patients with allergic rhinitis showed little or no
staining (Fig. 3, C). Infiltrated neutrophils and
eosinophils were negative or only weakly positive
in both groups, and there was no apparent differ-
ence between the two. Epithelial cells of the
chronic sinusitis group showed positive staining in
one case and little or no staining in two cases;
however, the epithelium was severely damaged,
and no definitive results could be obtained in the
other eight cases of chronic sinusitis.

Expression of IL-8 messenger RNA

Six specimens of the ethmoidal mucosae and
eight specimens of the nasal smear of patients with
chronic sinusitis, and six specimens of the inferior
turbinate mucosae and four specimens of the nasal
smear of patients with allergic rhinitis were sub-
jected to in situ hybridization for IL.-§ mRNA. The
results showed patterns of localization similar to
those observed in the immunohistochemical study;
that is, in mucosal specimens IL-8 mRNA was
expressed in nasal gland duct cells (Fig. 4, 4), and
in nasal smear polymorphonuclear cells were
stained positively (Fig. 5, 4) in specimens from
patients with chronic sinusitis. In contrast, IL-8

mRNA was detected in neither the inferior turbi-
nate mucosa nor the nasal smear of patients with
allergic rhinitis (Fig. 4, B, and Fig. 5, B). As a
control, only faint or no staining was observed
when sense 1L-8 oligonucleotide probe was used
(Fig. 4, C, and Fig. 5, C).

iL-8 level in nasal discharge

IL-8 level in the nasal discharge of patients with
chronic sinusitis was 23.9 * 54 nmol/L (n = 16),
which was significantly higher than that of the allergic
rhinitis group (2.1 % 0.6 nmol/L, n = 13) (Fig. 6).

DISCUSSION

Major inflammatory sites of chronic sinusitis are
located in the paranasal mucosa and sinus effusion.
Several authors have investigated 1L-8 expression
and secretion in normal and inflammatory nasal
and paranasal mucosa.> 3> However, the functional
importance of emigrated neutrophils in the sinus
effusion has been overlooked. Considering that
neutrophils are not only terminal effector cells but
also immunocompetent cells that play an active
role in the regulation of the inflammatory process
by secreting a variety of cytokines such as IL-1a,
IL-18, IL-6, interferon-a, tumor necrosis fac-
tor,-** and IL-8,15-17 the large number of neutro-
phils recruited in the paranasal sinus effusion of
patients with chronic sinusitis is likely to be signif-
icant. Sinus effusion flows out into the nasal cavity
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FIG. 6. IL-8 level in nasal discharge. Nasal discharge was collected by suction, diluted 5 to 10
times with saline solution and centrifuged at 1000 g for 5 minutes. The supernatant was then
subjected to enzyme immunoassay for IL-8 with Biotrak IL-8 ELISA system (Amersham
Internationatl plc.) according to the manufacturer’s instructions. *p < 0.002.

to become nasal discharge, which is easily accessi-
ble and should accurately reflect the quality of the
sinus effusion. We therefore examined nasal dis-
charge instead of sinus effusion in this study.

First of all, we have shown that most of the
polymorphonuclear cells in the nasal discharge
were neutrophils, whereas their population was
minor in the ethmoidal mucosa in the chronic
sinusitis group (Fig. 1). It has been previously
shown that eosinophils are much more predomi-
nant than neutrophils in sinus mucosa and nasal
polyps of patients with nonallergic sinusitis, as well
as in those patients with allergic sinusitis,* 3* which
is consistent with our results. This implies that
neutrophils migrate from the mucosa into the sinus
effusion immediately after extravascular transmi-
gration.

Immunohistochemical analysis revealed that
IL-8 was localized in emigrated polymorphonu-
clear cells in the nasal discharge of patients with
chronic sinusitis (Fig. 2, 4). In contrast, polymor-
phonuclear cells in the nasal discharge of the
allergic rhinitis group lack IL-8 in most cases (Fig.
2, B), indicating that neutrophil prevalence in nasal
discharge correlates with the IL-8 expression of the
emigrated cells. Taking into account the studies
that have shown that IL-8 is a potent neutrophil
chemotactic factor'® ! and that neutrophils them-
selves are capable of producing IL-8 in response to

several kinds of stimuli,'>-'7 it is likely that the
neutrophils that have migrated into sinus effusion
produce and secrete 1L-8, and therefore further
neutrophil accumulation occurs in the sinus effu-
sion. The expression of IL-8§ mRNA, revealed by in
situ hybridization (Fig. 5, 4), strongly suggests that
the neutrophils in the nasal discharge of patients
with chronic sinusitis actually produce IL-8, and
this supports the positive feedback mechanism of
neutrophil recruitment. There are two possible
explanations for the discrepancy in the IL-8 ex-
pression of neutrophils between the mucosa and
the secretions. One is that neutrophils are trig-
gered to produce IL-8 in the paranasal sinus
effusion, possibly by lipopolysaccharide or cyto-
kines, such as IL-1B8 and tumor necrosis factor.!”
The other possibility is that neutrophils in the
mucosa are already activated but quickly emigrate
into the effusion before they start to produce IL-8.

IL-8 and mRNA for IL-8 were also localized in
nasal gland duct cells in the ethmoidal mucosae of
patients with chronic sinusitis (Fig. 3, 4, and Fig. 4,
A), as demonstrated in the lower respiratory tract
in a previous study.* Because mucus in the nasal
gland duct showed strong immunoreactivity to IL-8
(Fig. 3, B}, it is very likely that these cells produce
and secrete IL-8 and elicit neutrophil migration
into the sinus effusion. Although the presence of
IL-8 in epithelial cells was not observed in all the
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FIG. 7. Hypothesis of neutrophil recruitment in chronic sinusitis. Neutrophil chemotactic sub-
stances including IL-8 released from nasal gland duct cells and epithelial cells (thin solid arrow)
initiate neutrophil migration (striped arrows) out of vessels to the lumenal side and eventually
into sinus effusion (wavy arrows). Emigrated neutrophils produce and secrete IL-8 (thick solid
arrow), which further induces neutrophil migration and accumulation in sinus effusion. Bacteria
and bacterial components may stimulate neutrophils, epithelial cells, and nasal gland duct cells
to secrete IL-8 (dotted arrows). Accumulated neutrophils in sinus effusion probably release
proteases and superoxides, which impair mucociliary function of the paranasal epithelium, and
this causes retention of sinus effusion. As a result, the whole inflammatory process is prolonged.
LTB, Leukotriene B,; fMLF, N-formyl-methionyl-leucyl-phenylalanine.

cases of chronic sinusitis in our study, it is quite
possible that these cells also release IL-S into the
sinus effusion as shown in previous investiga-
tions.?> 3% Our study also revealed that the 1L-8
level in the nasd discharge of patients with chronic
sinusitis was more than 20 nmol/L (Fig. 6), being
about 10 times higher than that which exhibits
strong chemotactic activity for human neutrophils
in vitro.2® This evidence indicates that IL-8 in sinus

effusion is potent as a neutrophil chemoattractant
in vivo.

On the basis of these findings, we propose a
hypothesis of neutrophil recruitment in chronic
sinusitis as shown in Fig. 7. Viral and bacterial
infections, which are common triggers of sinusitis,
induce IL-8 and arachidonic acid metabolites in-
cluding leukotriene B, from epithelial cells.* 35-38
A potent neutrophil chemotactic peptide, C3a,
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may be generated by complement activation, as
occurs in the lung.®® In addition, bacteria would
release chemotactic oligopeptides such as
N-formyl-methionyl-leucyl-phenylalanine. These
chemotactic substances initiate neutrophil migra-
tion out of vessels in a lumenal direction and
eventually into the sinus effusion. The emigrated
neutrophils then produce and secrete IL-8, and
this induces further neutrophil migration and ac-
cumulation in the sinus effusion. Bacteria and
bacterial components may stimulate neutrophils,
epithelial cells, and nasal gland duct cells to secrete
11.-8.17.3%:36 Accumulated neutrophils in the sinus
effusion probably release proteases and superox-
ides, which impair the mucociliary function of the
paranasal epithelium,*#* and this causes retention
of the sinus effusion. As a result, the whole process
is prolonged, and eventually a chronic inflamma-
tory state is established.

Vascular adhesion and transendothelial migration
of neutrophils would be mediated by adhesion mol-
ecules, particularly intercellular adhesion molecule-1
and E-selectin, which is known to participate in
extravasation of neutrophils and lymphocytes*** and
t0 be expressed in vascular endothelial cells of the
paranasal mucosa of patients with chronic sinus-
itis.*>47 Expression of adhesion molecules in the
paranasal mucosa would be regulated by another
cytokine network including IL-1B.% Although C-C
chemokines such as RANTES, monocyte chemotac-
tic protein-3, eotaxin, and macrophage inflammatory
protein-1o are known to be potent eosinophil che-
moattractants in vitro and are expressed in eosino-
phil-infiltrated allergic tissues,**> these chemokines
have not been demonstrated in nonallergic sinusitis
mucosa. The considerable number of eosinophils in
chronic sinusitis mucosa can be explained differently.
Intercellular adhesion molecule-1 and E-selectin can
induce extravasation of eosinophils,’! as well as neu-
trophils and lymphocytes. If neutrophils immediately
move out to the lumen, where neutrophil chemotac-
tic factors such as 11-8 are present, the absence of
eosinophil-specific chemoattractant would result in
an apparent dominance of eosinophils over neutro-
phils in the mucosa.

It has been disclosed in recent years that the
C-X-C chemokine family includes a series of neu-
trophil chemotactic peptides such as neutrophil-
activating peptide-2,°%5% growth-related proteins
o, B, and v,>>° epithelial-derived neutrophil-acti-
vating factor-78,°%°7 macrophage inflammatory
protein-2,°%°% granulocyte chemotactic protein-
2,59:61 a5 well as IL-8. Participation of these che-
mokines in neutrophil recruitment in paranasal

Suzuki et al. 667

sinuses is to be further investigated. Another ques-
tion arising from this study is: To what extent is
IL-8 responsible for the entire chemotactic activity
of the nasal discharge of patients with chronic
sinusitis? This will be studied by in viiro and in vivo
neutrophil chemotaxis assay.

According to our hypothesis, paranasal sinus
effusion plays an essential role in the prolongation
of the inflammatory process as previously specu-
lated,?> and this is in agreement with a clinical
feature of chronic sinusitis. In recent years, func-
tional endoscopic sinus surgery has been reported
to yield satisfactory results®>° and is currently the
prevailing surgical treatment for chronic sinusitis,
taking the place of conventional radical sinus
surgery. In functional endoscopic sinus surgery,
passages connecting paranasal sinuses with the
nasal cavity are widely opened to allow the drain-
age of sinus effusion while most of the inflamed
paranasal mucosa is preserved. Endoscopic obser-
vation of the sinus suggests that mucociliary clear-
ance becomes reestablished several weeks after the
surgery.®” The mechanism of recovery can be rea-
sonably explained by our hypothesis; that is, the
positive feedback loop of neutrophil recruitment is
interrupted by the absence of the sinus effusion,
and the inflammation process subsides. Neverthe-
less, if the mucosal damage is too severe, ciliary
function may become irreversibly impaired, and
simply opening the inflamed sinuses by surgery
would not cure the patient.

Chronic sinusitis is frequently associated with
lower respiratory tract diseases, such as diffuse
panbronchiolitis. This association is referred to as
sinobronchial syndrome.®® Both diseases have
some characteristics in common. Both of them
affect the respiratory tract and manifest mucosal
thickening® % and persistent purulent secretion
with marked neutrophil emigration.?- 7 Moreover,
a high level of IL-8 is detected in the bronchoal-
veolar lavage fluid of patients with diffuse panbron-
chiolitis,? 7 and recruited neutrophils express
IL-8 mRNA in a lower respiratory tract infection.
It is, accordingly, conceivable that chronic sinusitis
and diffuse panbronchiolitis may share the same
mechanism of neutrophil recruitment. Recently,
low-dose and long-term erythromycin treatment
has proved to be effective for sinobronchial syn-
drome® 1® and diffuse panbronchiolitis.® %72 Nagai
et al.® suggested that this drug does not act as a
simple bactericide because they observed that the
maximum serum and sputum levels of erythromy-
cin during low-dose erythromycin therapy were
below the minimum inhibitory concentrations of
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clinically pathogenic bacteria. It has been shown
that the number of neutrophils, neutrophil chemo-
tactic activity, and IL-8 level in the bronchoalveo-
lar lavage fluid were reduced after the administra-
tion of erythromycin in patients with diffuse
panbronchiolitis.” 72 Tt is also known that erythro-
mycin inhibits the motile ability of neutro-
phils.”® 7% 7% These lines of evidence suggest that
this drug may inhibit the positive feedback loop of
IL-8 and neutrophil recruitment. The mechanism
of the inhibition of IL-8 and neutrophil migration
by macrolide antibiotics remains to be investigated
and may lead to the development of a cytokine
therapy for chronic sinusitis, as well as for diffuse
panbronchiolitis.
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