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Background: The association of perennial alergic rhinitis (PAR) with recurrent sinusitis (RS) is well recognized. Anatomic
abnormalities at the osteomeatal complex or ciliary dysfunction may play a significant role in some patients. However, for most
patients with allergy, the determinants of RS are unknown.

Objective: To determine whether altered concentrations of antimicrobial peptides and proteins, such as lysozyme, lactoferrin,
human B-defensin-2 (HBD-2), and human neutrophil peptides 1 to 3 (HNP-1 to 3), contribute to the development of RS in
patients with PAR.

Methods: Nasal secretions were collected by vacuum aspiration from 15 individuals with PAR+RS, 16 with PAR aone, and
16 controls. Lysozyme and lactoferrin levels were determined in nasal secretions by using quantitative enzyme-linked
immunosorbent assay, and HBD-2 and HNP-1 to 3 levels were determined in nasal secretions by using semiquantitative Western
blot analysis. Eosinophil-derived neurotoxin (EDN) levels were measured by using enzyme-linked immunosorbent assay as a
marker of nasal eosinophiliain all 3 groups.

Results: Levels of EDN were elevated significantly in patients with PAR+RS compared with controls. Lysozyme levels were
decreased significantly in patients with PAR+RS compared with PAR aone or controls. Mean lysozyme levels were
significantly lower in patients with EDN levels greater than 1,000 ng/mL vs those with levels of 1,000 ng/mL or less in the
PAR+RS group. There were no statistically significant differencesin lactoferrin, HBD-2, and HNP-1 to 3 levels among the 3 groups.

Conclusions: The presence of eosinophils and their products and reduced lysozyme concentrations may be critical factors that

predispose the airways of patients with PAR to RS.

INTRODUCTION
The association between allergy and sinusitis has been re-
ported in various studies,*? but the exact role of allergy in the
predisposition to sinusitis is not clear. Anatomic abnormali-
ties at the osteomeatal complex or ciliary dysfunction may
play a significant role in the development of recurrent sinus-
itis (RS) or chronic sinusitis (CS) in these patients. However,
Berrettini et al® did not show any correlation between in-
creased nasal resistance in a single nasal fossa and signs of
sinusitis by computed tomography. Decreased ciliary activity
has also been shown in CS, but this abnormality may be
reversed with treatment.34

There is evidence for a crucia role of ongoing alergic
inflammation in the pathogenesis of tissue damage in the
airways. Granules of eosinophils contain cytotoxic cationic
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proteins, including eosinophil cationic protein, eosinophil-
derived neurotoxin (EDN), and major basic protein, that may
contribute to the irreversible airway tissue damage in patients
with bronchial asthma®2 and CS.° Bascom et al*° previously
showed that the concentration of EDN in nasal lavage fluid
following antigen challenge is closely correlated with the
number of eosinophils.

Of multiple antimicrobia proteins and peptides, lysozyme
and lactoferrin are present at the highest concentrations in the
airways,'*? and studies'*** have reported that these proteins
are an important component of innate host defense in the
airways. Lysozyme is a bacteriolytic enzyme that hydrolyzes
the bacterial cell wall,*®> modifies the viscoelasticity of the
mucus,® and, in vitro, directly promotes ciliary beating in the
nasal epithelium.'” Lactoferrin has also been suggested to
have a direct bactericidal action and an ability to withhold
iron, which is essential for bacteria growth.'® Defensins, a
prominent group of antimicrobial peptides, are thought to be
an important component of the innate immune response,
particularly at mucosal surfaces that are vulnerable to colo-
nization by potential pathogens. Human B-defensin (HBD)-1
and HBD-2 are produced by the epithelia of the nasal mu-
cosa;, HBD-1 purportedly plays a constitutive role in nasal
host defenses, whereas HBD-2 expression is induced in re-
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sponse to local infection or inflammation.’*?° |t has been
shown that certain a-defensins, human neutrophil peptides
(HNPs) 1 to 3, are actualy released into nasal secretions
primarily by neutrophils and that increased levels of HNP-1
to 3 have been noted in purulent sputum from patients with
cystic fibrosis or obstructive pulmonary disease.?*

Pathologic alterations in the antimicrobial properties of
airway secretions caused by either impaired mucosal surfaces
or chronic inflammation may contribute to epithelial coloni-
zation by bacteria in disorders such as RS or CS, cystic
fibrosis, and chronic bronchitis.?2? To examine the effects of
alergy on innate mucosal immunity and the development of
RS in patients with perennia allergic rhinitis (PAR), we
compared the concentrations of antimicrobial peptides and
proteins in nasal secretions from healthy donors and patients
with PAR with or without RS.

MATERIALS AND METHODS

Participants
Fifteen patients with PAR and RS (9 men and 6 women;
mean = SEM age, 25.9 = 3.2 years) and 16 patients with
PAR without a history of RS (8 men and 8 women; mean =+
SEM age, 32.4 + 3.6 years) were studied. Patients had a
documented history of PAR of at least 2 years duration.
Eligible patients exhibited a positive skin prick test reaction
(wheal diameter =3 mm greater than saline control) to house
dust mite, dog, or cat alergens or molds (Alternaria species
or Cladosporium species). In addition, 16 healthy individuas
with no history of alergy or RS (7 men and 9 women;
mean = SEM age, 27.3 = 2.7 years) were studied as control
subjects. The protocol received ingtitutional review board
approval, and informed consent was obtained from each
participant before the study. Many patients required contin-
uous medical management to control their symptoms, and,
therefore, the study was often performed in the setting of
concurrent treatment (12 of 15 patients with PAR+RSand 14
of 16 patients with PAR were using nasal corticosteroids),
and sampling was performed during relatively quiescent pe-
riods. Except for 2 patients in the PAR+RS group who were
prescribed 400 pg/d of fluticasone propionate, al patients
were prescribed 200 or 220 pg/d of nasal corticosteroids.
Recurrent sinusitis was defined as 2 or more episodes of
sinusitis per year for 2 or more years. An episode of sinusitis
was diagnosed when the following symptoms were present:
an increase in nasal congestion, purulent nasal discharge,
cough, and facial pain or tenderness and abnormal findings
on sinus radiographs. Each participant had at least 1 episode
of acute sinusitis documented by abnormal findings on a
sinus radiograph.?* Positive findings on the Waters view were
defined as complete opacification or maxillary mucoperios-
teal thickening of more than 4 mm in 1 or both maxillary
antra. Care was taken not to study any patient within 3 weeks
of an upper respiratory tract infection or any increase in
symptoms related to their sinus disease. Chronic sinusitis or
RS was excluded in patients with PAR by the absence of a

history of sinusitis or clinical findings, including an increase
in nasal congestion, purulent nasal discharge, and facial pain
or tenderness.

Collection of Nasal Fluids

Nasal secretions were collected by vacuum-aided suction
without chemical stimulation. The major advantage of this
technique over the nasal lavage technique isthat it permitsthe
collection of whole nasal fluid without the unpredictable
effects of dilution in saline or other lavage fluid. Gentle
mani pulation of anarrow rubber-tipped vacuum device inside
the nasal passageways stimulated nasal secretions. Secretions
were stored at 4° C for prompt use or at —20° C for longer-
term storage. As shown previoudy,'* secretions could be
stored for several months at —20° C without ateration of
antimicrobia properties or protein profiles. When necessary,
nasal secretions were fluidized by brief (10-second) microtip
sonication, which does not alter the antimicrobial properties
of nasal fluid.®

Semiquantitative Western Blot Analysis

Nasal secretions were separated by acid-urea polyacrylamide
gel electrophoresis and then immunoblotted to Immabilon
P-PVDF membranes (Millipore, Bedford, MA) for 20 min-
utes in 0.7% acetic acid—10% methanol, as described previ-
ously.?® The membranes were then incubated with a 1:1,000
dilution of rabbit polyclonal anti-HBD-2 antisera?” or mono-
clonal anti-HNP-1 to 3 antisera®® overnight at room temper-
ature. After several washings in 1X TTBS (Tris-buffered
saline + 0.05% Tween 20), membranes were incubated with
a 1:2,000 dilution of akaline phosphatase—conjugated poly-
clonal goat anti—rabbit secondary antibody (HBD-2 and HNP;
Pierce, Rockford, IL) for 1 hour at room temperature. The
membranes were then developed by using nitroblue tetrazo-
lium-5-bromo-4-chloro-3-indolylphosphate as a chromogenic
substrate. Serial dilutions of HBD-2, produced recombinantly
in baculovirus,® and HNP-1, isolated from human neutro-
phils,?” were used as positive controls and for semiquantita-
tive studies.*

Quantitation of EDN, Human Lactoferrin, and Human
Lysozyme

Nasal fluids were assayed for EDN (MBL Medical & Bio-
logical Laboratories, Nagoya, Japan), human lactoferrin (Ox-
ford Biomedical Research Inc, Oxford, MI), and human ly-
sozyme (Biomedical Technologies Inc, Stoughton, MA)
using commercially available enzyme-linked immunosorbent
assay kits.

Satistical Analysis

Data are expressed as mean = SEM. Comparisons between
groups were evaluated using the 2-tailed t test. Correlations
between parameters were analyzed using the Pearson corre-
lation coefficient.

RESULTS

A significant difference in EDN levels was only found be-
tween patients with PAR+RS and controls (P < .01; Fig 1).
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Figure 1. Levels of lysozyme (LZM), lactoferrin (LTF), and eosinophil-
derived neurotoxin (EDN) in nasal secretions of patients with perennial
allergic rhinitiswith recurrent sinusitis (PAR+RS), patients with PAR aone,
and controls. Patients with PAR+ RS had alower mean LZM level than those
with PAR alone (P < .05) and controls (P < .001). Patients with PAR had
a reduced concentration of LZM compared with controls, however, the
difference was not significant (P > .05). Levels of EDN were elevated in
patients with PAR+RS and PAR compared with controls, but a significant
difference was found only between patients with PAR+RS and controls
(P < .01). Concentrations of LTF were not different statistically among the
3 study groups (P > .05). Error bars represent SEM.

Concentrations of lactoferrin in nasal secretions were not
different statistically among the 3 study groups (P > .05; Fig
1). However, patients with PAR+RS had a lower mean
lysozyme level than those with PAR aone (P < .05) and
controls (P < .001). Although patients with PAR had a
reduced concentration of lysozyme compared with controls,
the difference was not statistically significant (P > .05) (Fig
1). To analyze the relationship between EDN and lysozyme
levels, patients with PAR+RS were categorized according
their EDN levels. Nine of 15 patients had EDN levels of
1,000 ng/mL or less and 6 had levels greater than 1,000
ng/mL. Patients with lower EDN levels had higher lysozyme
levels (P < .05; Fig 2).

Defensin concentrations were also quantitated by Western
blot analyses. Levels of HBD-2 were decreased in patients
with PAR+RS and PAR alone compared with controls, and
HNP-1 levels were found to be higher in patients with
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Figure 2. Comparison of lysozyme levels in patients with perennial
allergic rhinitis with recurrent sinusitis and eosinophil-derived neurotoxin
(EDN) levels of 1,000 ng/mL or less and greater than 1,000 ng/mL. Patients
with EDN levels of 1,000 ng/mL or less had a higher mean concentration of
lysozyme than those with EDN levels greater than 1,000 ng/mL (P < .05).
Error bars represent SEM.

PAR+RS than in patients with PAR alone and contrals.
However, none of these differences were statistically signif-
icant (P > .05; data not shown). In summary, only EDN and
lysozyme concentrations were significantly altered in patients
with PAR+RS.

DISCUSSION

The presence of EDN, an eosinophil granule protein, in nasal
lavage fluid following antigen challenge was closely corre-
lated with the number of eosinophils.’® Accordingly, there
was a significant increase in EDN levels in patients with
PAR+RS vs controls. Although eosinophilia in the nasa
secretions of patients with PAR is well documented,®°3! in
our study the concentration of EDN in patients with PAR
compared with controls did not reach statistical significance.
Many patients in our study were using nasal corticosteroids,
and sampling was performed during relatively quiescent pe-
riods, but patients had persistent symptoms, even during these
times. Thus, in the PAR group, 14 (88%) of 16 patients were
using nasal corticosteroids, and in the PAR+RS group 12
(80%) of 15 patients were using nasal corticosteroids. There
is evidence that topical corticosteroids suppress cellular in-
filtrates in the edematous nasal tissues® and the release of
inflammatory mediators.®® Because relatively more patients
were using topical corticosteroids, it is possible that the
eosinophilic activity of patients in the PAR group may be
suppressed more than that of patients in the PAR+RS group.
However, because our sample population did not have
enough individuals who were not using nasal corticosteroids,
we could not probe separately at the effect of topical corti-
costeroids.

The association between extensive sinus disease, as diag-
nosed by computed tomography, and an increase in the pe-
ripheral eosinophil count has been shown previously.3% The
damaging effects of eosinophil granule proteins on respira-
tory mucosa have been well established in patients with
chronic rhinosinusitis (CRS),%%" including intense eosino-
philic inflammation, basement membrane thickening, and
erosion of the epithelium. The severe erosion and prominent
damage to the epithelial layer were proposed to explain the
acute bacterial exacerbations seen in patients with CRS. Be-
cause there was not a consistent difference between the
bacterial populations in CRS and controls, the decreased
defense of sinonasal mucosa with damaged epithelium was
reported as a potential cause.® It is possible that sustained
eosinophilia induces mucosal damage and impairs innate
immunity, which leads to CS or RS.

In the respiratory tract, lysozyme and lactoferrin, important
resistant factors for neutralization of bacteria, are produced
and stored in the serous cells of nasal submucosal glands.34°
As mentioned previously herein, chronic and progressive
inflammation of the sinonasal mucosa results in remodeling,
leading to histologic and functional changes in the tissues. In
our study, patients with PAR+RS had a significantly lower
mean lysozyme level than those with PAR alone and contrals.
Furthermore, we found that asthe level of EDN increases, the
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concentration of lysozyme decreases. Patients with PAR also
had reduced lysozyme levels compared with controls; how-
ever, the difference was not statistically significant, suggest-
ing that a subgroup of patients with PAR remains free of
infection owing to relatively high levels of lysozyme. This
group of patients (PAR alone) also had lower levels of EDN.
Our findings suggest that increased EDN levels in allergic
individuals predispose the sinonasal mucosa to CS or RS by
decreasing lysozyme levels in nasal secretions. Jeney et a*
showed increased concentrations of lactoferrin and lysozyme
in secretions from a group of patients with CS compared with
controls. However, a blunted response was observed in pa-
tients with CS compared with controls after cholinergic stim-
ulation. After 4 to 12 months of aggressive medical treatment,
which included prolonged use of topical corticosteroids, the
methacholine-stimulated mucosal release of lysozyme and
lactoferrin significantly improved. Fukami and colleagues®
also showed mucosal abnormalities with atypical gland for-
mation due to the chronic inflammatory process in patients
with CS. Increased immunoreactivity to lysozyme by goblet
cells and glands was found in al patients with sinusitis. In
these 2 studies, dysfunction of the sinus mucosa seemed to
decrease mucosal defense even in the presence of lysozyme.

In the present study, concentrations of lactoferrin in nasal
secretions were not different statistically among the 3 study
groups. In another study,'* we tested the ex vivo antibacterial
activity of cationic peptide—depleted fractions of nasal fluid
in the presence or absence of physiologic concentrations of
lysozyme, secretory leukocyte protease inhibitor, and lacto-
ferrin (either alone or in combination) in colony-forming unit
assays against a mucoid strain of Pseudomonas aeruginosa
isolated from a patient with cystic fibrosis. Although whole
nasal fluid reduced the colony-forming units per milliliter by
nearly 10-fold, after 3-hour incubation there was an approx-
imately 5-fold increase with cationic peptide—depleted nasal
fluid. The addition of physiologic concentrations of lysozyme
alone was sufficient to restore the activity of cationic peptide—
depleted nasal fluid. In addition, among the 3 most abundant
cationic polypeptides in nasal fluid, lysozyme was substan-
tially more effective than either lactoferrin or secretory leu-
koprotease inhibitor in restoring the antibacterial activity of
the cationic polypeptide—depleted nasal fluid. Taken to-
gether, this reinforces the idea that lysozyme is a key protein
of the nasal host defense. Decreased levels of lysozyme in
patients with PAR may explain the close association of al-
lergy and sinusitis.

Given the purported roles of defensins in the innate host
defense of the airways, we hypothesized that dysregulation of
HBD-2 and HNP-1 to 3 might also be contributing factorsin
RS. However, our findings showed that HBD-2 levels were
decreased in patients with PAR+RS and PAR aone com-
pared with controls, and HNP-1 levels were found to be
higher in patients with PAR+RS than in patients with PAR
and controls, but the differences were not statistically signif-
icant. These findings might be attributed to most of our
patients being treated with intranasal corticosteroids in light

of recent findings of glucocorticoid-induced down-regulation
of HBD-2 and neutrophil-derived a-defensins. 43

CONCLUSION

Higher levels of EDN in nasal fluids were observed in pa-
tientswith PAR+RS compared with patients with either PAR
aone or controls. Of the antimicrobia (poly)peptides tested,
lysozyme levels were significantly decreased in patients with
PAR+RS compared with those with PAR aone or controls.
We also observed lower lysozyme levels with higher EDN
levelsin patients with PAR+RS. These findings suggest that
eosinophilia in the nasal mucosa and decreased lysozyme
levels in patients with PAR may contribute to the develop-
ment of RS. Further studies are needed that examine the
relative contribution of each of the factors alone and in
combination in the development of RS in PAR.
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