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To the Editor:

Chronic rhinosinusitis (CRS) significantly affects the quality of life of elderly people.1

However, the inflammatory mechanisms of CRS in the elderly have not been well studied.
CRS is commonly divided into 2 subtypes: CRS with nasal polyps (CRSwNP) and CRS
without nasal polyps (CRSsNP).2 The inflammatory response in patients with CRSsNP has
been shown to have a tendency toward TH1 polarization, whereas CRSwNP inflammatory
responses are characterized by eosinophilia with a TH2 skewing.3 Recently, there has been
increasing evidence that CRS and some allergic diseases might be linked to deficiencies in
the barrier function of the skin or airway mucosal epithelium.4 The objective of the present
study was to evaluate whether there are age-related differences in clinical presentation and/
or immunologic markers in patients with CRS.

In the first part of the study, a retrospective chart review of 252 patients with CRS who
visited the allergy and otolaryngology clinics at Northwestern University between January
2007 and May 2009 was performed to investigate age-related differences in general clinical
characteristics. All subjects met the criteria for CRS as defined by nationally recognized
consensus statements.2 The presence of CRS or NP was confirmed by office endoscopy and
sinus computed tomography (CT) scans. The Lund-MacKay sinus CT scoring system was
used as an objective measure of the severity of the disease.5 In the second part of the study,
we obtained nasal lavage samples from 58 patients with CRSwNP, 54 patients with
CRSsNP, and 50 healthy controls who consented for nasal lavage, and investigated
immunologic markers. Details of the subjects’ characteristics are given in Table E1 (in this
article’s Online Repository at www.jacionline.org). Subject numbers for ELISA values vary
because of lack of sample availability for some subjects. Any patients who had taken oral or
nasal steroids within a month prior to sample collection, had prior sinus surgeries, aspirin-
exacerbated respiratory disease, or immunodeficiency were excluded from this study. This
study was approved by the Institutional Review Board of Northwestern University. All
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statistical analyses were performed with Graph-Pad Prism version 5 (GraphPad Software, La
Jolla, Calif), and ELISA data were analyzed by using the Mann-Whitney U test. A P value
of less than .05 was considered statistically significant.

When the patients with CRS were divided into nonelderly (16–59 years) and elderly (60–77
years) groups, NP and asthma tended to be more prevalent in elderly patients with CRS
compared with nonelderly patients, although this trend was not statistically significant
(Table I). CT scores of the elderly group were significantly higher than those of the
nonelderly group.

To evaluate the underlying immunologic mechanism of these clinical differences, we
measured by using ELISA kits the levels of eosinophil cationic protein (ECP) (MBL
International, Woburn, Mass), human neutrophil elastase (HNE) (Cell Sciences, Canton,
Mass), S100A7 (psoriasin), S100A8/9 (calprotectin) (MBL International), IgA (Bethyl
Laboratories, Montgomery, Tex), B-cell–activating factor of the TNF family (BAFF) (R&D
Systems, Minneapolis, Minn), and IL-6 (BD Sciences, Franklin Lakes, NJ) in nasal lavage
samples from healthy controls and from patients with CRS.

ECP is an important marker of eosinophilic inflammation in CRS, especially CRSwNP. In
patients with CRSwNP, ECP levels in nonelderly patients were significantly higher
compared with those in elderly patients (Fig 1, A). When we performed a linear regression
analysis, there was a significant negative correlation between ECP levels and age in patients
with CRSwNP (r = −.57; P < .001) but not in patients with CRSsNP (Fig 1, B and C). We
also performed eosinophil counts in NP tissue (data not shown). Interestingly, there was no
significant correlation between age and eosinophil count in NP, suggesting that infiltrating
eosinophils in NP from elderly patients may produce less ECP.

We next analyzed a marker of neutrophilic inflammation, HNE, in nasal lavage samples.
HNE levels in elderly subjects were not significantly different from those in nonelderly
subjects (Fig 1, D), and there was no correlation between HNE levels and age in either
subtype of CRS (Fig 1, E and F). There was no significant age-related difference in ECP and
HNE levels in normal subjects (see Fig E1 in this article’s Online Repository at
www.jacionline.org).

S100A7 and S100A8/9, members of the epidermal differentiation complex, are known to be
important in epithelial barrier function. We previously reported that the expression of S100
proteins is reduced in the epithelium and nasal lavage fluid from patients with CRS.6 Levels
of S100A8/9, but not S100A7, were significantly lower in elderly patients than in nonelderly
patients with CRSsNP (Fig 2, A) and inversely correlated with increasing age in both
subtypes of CRS (Fig 2, C and D). This finding of diminished S100A8/9 levels in elderly
subjects was also observed in normal subjects (Fig 2, A and B), suggesting that the decline
in S100A8/9 levels may be a part of the aging process. There were no significant age-related
differences in the expression of other inflammatory markers such as IL-6, IgA, and BAFF
(data not shown).

Our findings suggest that the impairment of epithelial barrier function persists and may
worsen with age while eosinophilic inflammation appears to wane with age in the natural
history of CRS. Severe disease is known to be associated with increased eosinophilic
inflammation and high ECP level in patients with CRS.7 However, our results showed that
ECP levels of elderly patients with CRSwNP were decreased compared with those of
nonelderly patients despite a higher CT score and more NP formation in elderly patients.
There are various age-related changes that occur in the human immune system.8

Immunosenescence affects various cell types in the bone marrow and the thymus, along with
various components of the innate immune system. Aging is also associated with a decreased
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function of epithelial barriers of the skin and lungs. In this study, levels of S100A8/A9, but
not S100A7, were diminished in association with the aging process. S100A7 has
antimicrobial activity against Escherichia coli. On the other hand, S100A8/A9 has
antimicrobial activity against Staphylococcus aureus, Klebsiella species, and fungi.9 One of
the clinical implications of this difference could relate to potential alteration of the
microbiome or pathogens in elderly patients with CRS.

In summary, this study demonstrates that despite the higher CT score and more NP
formation observed in elderly patients, they had lower ECP levels than did nonelderly
patients with CRS. In addition, S100A8/9 level was significantly decreased in CRS with the
aging process. These results suggest that epithelial barrier dysfunction may continue to play
an important role in the pathogenesis of CRS while eosinophilic inflammation may subside
with age.
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FIG 1.
Age-related distribution of the ECP and HNE protein levels in nasal lavage fluids from
normal subjects and from patients with CRS as determined by ELISA. A, In the CRSwNP
subtype, ECP levels in elderly patients were significantly lower compared with those in
nonelderly patients. B and C, There was a significant negative correlation between ECP
levels and age in patients with CRSwNP, but not in patients with CRSsNP. D–F, The HNE
levels from normal subjects and from patients with CRS were not different by age, and there
was no correlation between HNE levels with aging. E, Elderly; NE, nonelderly.
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FIG 2.
Age-related distribution of the human S100A8/A9 protein levels in nasal lavage fluids from
normal subjects and from patients with CRS as determined by ELISA. A, In normal controls
and patients with CRSsNP, S100A8/9 levels in elderly subjects were significantly lower
compared with those in nonelderly subjects. B–D, Levels of S100A8/A9 were significantly
diminished with increasing age in normal controls and patients with both subtypes of CRS.
E, Elderly; NE, nonelderly.
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TABLE I

Demographic and clinical characteristics of 252 patients with chronic rhinosinusitis

Nonelderly
(n = 230)

Elderly
(n = 22) P value

Male/female 124/106 13/9 NS

Age (y), median (range) 41 (16–59) 67 (60–77)

Nasal polyps, n (%) 91 (39.6) 15 (68.2) NS

Asthma, n (%) 65 (28.3) 10 (45.5) NS

Number of skin test
   positive/performed (%)

74/93 (79.6) 5/6 (83.3) NS

CT score,* mean ± SD 10.9 ± 5.4 13.7 ± 6.3 <.05

CT, Computed tomography; NS, not significant.

*
Lund-Mackay CT Scoring System: Each sinus region is given a numeric score: 0, no opacification; 1, partial opacification; and 2, total

opacification. The frontal, maxillary, anterior ethmoid, posterior ethmoid, and sphenoid sinuses are graded separately, and the ostiomeatal complex
is also scored, for a total possible score of 24.
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