Features of airway remodeling and
eosinophilic inflammation in chronic
rhinosinusitis: Is the histopathology

similar to asthma?
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Background: Asthma and chronic rhinosinusitis (CRS) coexist
clinically in >50% of patients with CRS. Although epithelial
damage and basement membrane thickening are well-known
features of airway remodeling in asthma, they have not been
described in CRS.

Objective: In this study, we tested the hypothesis that
histopathologic features of asthma, namely, the chronic
eosinophilic inflammation, epithelial damage, and basement
membrane thickening of the airway mucosa, are also present
in sinonasal specimens from patients with CRS.

Methods: We examined histologic specimens from 22 randomly
selected patientswith refractory CRS undergoing endoscopic
sinus surgery and 4 healthy control subjects. The shedding of the
epithelium and basement membr ane thickening were evaluated
by 3 independent observers' scores of hematoxylin-and-eosin
staining. Eosinophilic inflammation was monitored with immuno-
histochemistry for eosinophil major basic protein. A novel, com-
puterized method objectively analyzed confocal microscopic
images of major basic protein immunofluorescence to determine
areaswith theleast and most inflammation per specimen.
Results: Specimens from all patients with CRS (22/22)
revealed epithelial damage (shedding) and basement mem-
brane thickening. Strikingly heter ogeneous eosinophilic
inflammation, which did not differ between allergic and nonal-
lergic patients, was detected in all patients with CRS and was
absent in all healthy control subjects.

Conclusion: The histopathologic findings of asthma, namely,
heter ogeneous eosinophilic inflammation and features of air-
way remodeling, are also present in CRS. These findings, cou-
pled with the common clinical coexistence of both diseases,
suggest that the same pathologic disease process is manifest as
CRSin the sinonasal tissue and as asthma in the lower airway.
(J Allergy Clin Immunol 2003;112:877-82.)
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Chronic rhinosinusitis (CRS) is an inflammatory dis-
ease of the nasal and paranasal sinus mucosa. Patients
with CRS are symptomatic for longer than 3 months and
have associated inflammatory mucosal thickening and
polyploid changes seen on endoscopy or computed
tomography.12 CRS accounts for >90% of all cases of
rhinosinusitis, and with a prevalence of 16.8% (32 mil-
lion patients) in the adult population in the United States,
it is one of the most common chronic diseases.3 Adding
to the burden of CRS, both a plausible etiology and an
effective treatment do not exist. Because no medical
intervention has ever been efficacious in a controlled,
clinical trial, no drug has been approved by the US Food
and Drug Administration to treat CRS.

A clinical relationship between CRS and asthma has
been a growing health concern for many years, with a
reported incidence of asthma within the CRS population
of at least 50%.4 Eosinophilic inflammation is the major
histologic hallmark of both diseases.>6 The cytokine pat-
terns found in CRS sinus tissue are similar to those of
asthma lung tissue and explain the presence of
eosinophils.” The damaging effects of eosinophil granule
proteins, especially eosinophil granule major basic pro-
tein (MBP), on respiratory mucosa have been well estab-
lished.8-10 It is thought that MBP mediates the tissue
damage seen in CRS as well asin asthma. 911

Airway remodeling is a pathologic processthat is char-
acteristic of asthma and involves smooth muscle hyper-
trophy, basement membrane thickening, epithelial dam-
age (shedding), and deposition of matrix proteins.12-14
Given the high incidence of asthmain patients with CRS,
we wanted to determine whether certain histologic fea-
tures characterizing asthma (eosinophilic inflammation,
epithelia shedding, and basement membrane thickening)
were also detectable in sinonasal mucosal specimens
from patients with CRS.

MATERIALS AND METHODS

The Institutional Review Board of Mayo Clinic Rochester
approved the study. The diagnostic guidelines established by the
American Academy of Otorhinolaryngology—Head and Neck
Surgery were met in each patient for the diagnosis of CRS.2 In addi-
tion, a coronal computed tomography scan was obtained in all
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TABLE I. Assessment of epithelial damage and base-
ment membrane thickening

Staging of epithelial damage (shedding) with erosion (0-3)

Stage O:
Stage 1:
Stage 2:
Stage 3:
Staging of basement membrane thickening (0-2)

Epithelium intact

Cilia absent

Upper cell layer eroded, basal cell layer intact
Epithelium eroded away

No basement membrane visible
Basement membrane visible, but not thicker than 20pm
Basement membrane visible, thicker than 20um

Stage O:
Stage 1:
Stage 2:

Abbreviations used
CRS: Chronic rhinosinusitis
H&E: Hematoxylin and eosin
MBP: Eosinophil granule mgjor basic protein

patients demonstrating inflammatory mucosal thickening of >5 mm
in >2 sinuses, consistent with CRS. Histologic specimens were
processed from 22 randomly selected patients with CRS undergoing
endoscopic sinus surgery. Patients who were taking systemic
steroids within the 6 weeks before surgery were excluded. During
surgery, the maximal amounts of tissue and mucus were carefully
and gently collected to minimize damage to the specimens and to
preserve the attachment of the mucus to the tissue. Because it is
generally accepted that eosinophils115 and features of airway
remodeling are absent in healthy control subjects, we decided that
specimens from 4 otherwise healthy individuals undergoing septo-
plasty procedures were an adequate number to serve as negative
controls. In addition, serial sections of a lung specimen obtained at
autopsy from a patient who died in status asthmaticus were also
used to document typical asthma pathology.

Formalin-fixed, paraffin-embedded tissue blocks were cut into 5-
pum-thick sections and mounted on positively charged slides. Seria
sections from each block were stained with 1) hematoxylin and
eosin (H&E), 2) rabbit antibody to human eosinophil granule MBP,
or 3) negative control for MBP (normal rabbit 1gG), as previously
described.6.16 In brief, sections were deparaffinized and rehydrated.
After apartia tryptic digestion to unmask antigenic sites, the spec-
imens were incubated in 10% normal goat serum to block nonspe-
cific binding by the second-stage antibody. The next day, the slides
were washed and overlaid with equal concentrations of either nor-
mal rabbit 1gG or affinity-purified rabbit anti-human MBP.17 After
incubation at 37°C for 30 minutes, the sections were washed and
incubated in 1% chromotrope 2R at room temperature for 30 min-
utes to block nonspecific binding of fluorescein dye to the
eosinophils. After another wash, the sections were overlaid with
fluoresceinated goat anti-rabbit 1gG and incubated at 37°C for 30
minutes. Subsequent to a final wash, the slides were mounted, cov-
erslipped, and sealed.

Evaluation of airway remodeling

The damage to the epithelium and basement membrane thicken-
ing were assessed on H& E-stained sections with the staging system
described (Table | and Fig 1). Three experienced examiners sepa-
rately and independently evaluated the entire specimen. The mean
of their combined scores was recorded. To exclude artifacts from
trauma caused by the removal of the specimens during surgery, only
areas of untouched mucosa that were still covered with mucus were
evaluated. In addition, areas with obvious tears or with obvious
influx of red blood cells, indicating trauma with bleeding, were
excluded. After inspection of the entire specimen, the areas with the
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maximal amount of basement membrane thickening as well as the
areas with the maximal epithelial damage (shedding) were scored.

Evaluation of tissue inflammation

To objectively quantify the least and most inflammation per
specimen, we developed a novel method for computer analysis of
digital images (512 x 512 pixels) at 488-nm excitation wavelength
from each MBP immunofluorescence specimen. We used a confo-
cal microscope (LSM510, Carl Zeiss, Inc, Oberkochen, Germany)
to survey and to select both the least and most intense areas of MBP
immunofluorescence staining. First, digital images (512 x 512 pix-
els, x400) of areas on the MBP immunofluorescence-stained sec-
tion that contained maximal fluorescence staining (most intense
accumulation of eosinophils) were obtained. Second, digital images
of the corresponding areas on the serial section, which was stained
with normal rabbit 1gG as the negative control, were recorded.
Third, with image-analyzing software (KS400 Image Analysis Sys-
tem, Carl Zeiss, Inc, Oberkochen, Germany), the threshold for each
negative control image was calibrated to a baseline value that
showed no positive pixels. Fourth, this “background” threshold was
used to analyze the corresponding area on the MBP immunofluo-
rescence-stained specimen. Any pixels recorded were quantified as
a percentage of an area (512 x 512 pixels) positive for MBP. Final-
ly, the image-analyzing software then compared the different areas
within the specimen and determined the area with the highest per-
centage of positive pixels; this percentage indirectly indicated the
intensity of the maximal inflammatory eosinophilic infiltrate. A
similar survey was made to find the area in the MBP immunofluo-
rescence-stained specimen with the least fluorescence; once locat-
ed, it was compared with the corresponding area in the negative
control serial section and analyzed as described earlier.

RESULTS

Epithelial damage and basement membrane
thickening

The demographics of the patients are shown in Table
I1. All patients with CRS demonstrated epithelial damage
(Fig 2). In fact, 91% (20/22) of patients with CRS had
substantial areas of the sinonasal epithelium completely
eroded away (stage 3) down to the level of the basement
membrane, whereas 9% (2/22) had only the upper layers
eroded away (stage 2).

Basement membrane thickening was pathologic in al
(22/22) of the patients with CRS. In 95% (21/22) of the
patients with CRS, substantial areas of the specimens had
basement membrane thickening that was >20 um (stage 2).
In 1 patient (5%), the basement membrane was thickened
<20 pm (stage 1). No apparent differencesin the severity of
the epithelia damage and basement membrane thickening
of the sinus tissue were seen between alergic and nonal-
lergic patients, nor were there differences between patients
with or without asthma.

Eosinophilic inflammation of CRS tissue

The eosinophilic inflammation (infiltrate) in the tissue
specimens from the patients with CRS was very hetero-
geneous within any given specimen and contained intact
cells as well as extracellular granules. Each specimen
showed areas of abundant eosinophilia and areas without
eosinophils. Thus, the digitized areas with the greatest
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FIG 1. Staging system for epithelial damage (shedding) with erosion and for basement membrane thicken-
ing. To illustrate the wide variability in the histopathology of a given specimen, the photographs shown were
all obtained from the same specimen from 1 patient. 1a, Normal, healthy epithelium (stage 0) and absence
of basement membrane thickening (stage 0). 1b, Cilia absent (stage 1) and basement membrane thickening
<20 um (stage 1); white arrows point to eosinophils within the epithelium. 1¢, Upper layers of the epitheli-
um eroded away, basal layer intact (stage 2), and basement membrane thickening <20 pm (stage 1). 1d,
Complete erosion of epithelium (stage 3) and massive thickening of the basement membrane (black double
arrow, stage 2). Original magnification x800.

Epithelial Damage Basal Membrane Thickening
(n=22) (n=22)
Stage 3
Epithelium eroded away “
Stage 2 Stage 2
4 ) -
Upper cell layer eroded “ Basement membrane thickness >20um
basal cell layer intact °*
Stage 1 | ° | Stage |
Cilia absent Basement membrane thickness <20um
Stage 0 Stage 0
Epithelium intact No basement membrane visible

FIG 2. Maximal epithelial damage and basement membrane thickening of the epithelium in patients with CRS.
Data were recorded as the mean score of 3 independent examiners. All the healthy control subjects (not shown)
had an intact epithelium (4/4, stage 0) and no thickening of the basement membrane (4/4, stage 0). *This point
results from 1 examiner grading 1 specimen as stage 1 and the other 2 examiners grading it as stage 2.

eosinophilic inflammation were quantified and compared mum mean of 0.16% (+0.19%) to a maximum mean of
with the digitized areas with the least inflammation. 21.89% (+£16.85%; Figs 3 and 4). The eosinophilic
Within the same specimen, the areas showing the pres- inflammation was similar between allergic and nonaller-
ence of MBP immunofluorescence varied from a mini- gic patients with CRS (P = .44; Fig 4).
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FIG 3. Range of eosinophilic inflammation within a patient with CRS. These photomicrographs of MBP
immunofluorescence are taken from the same tissue specimen and are <1 mm apart. 3a, An example of a
minimal area positive for MBP (0.28%). 3b, An example of a maximal area positive for MBP (20.04%). Orig-
inal magnification x400.
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FIG 4. Comparison of digitized areas of minimal and maximal eosinophilic inflammation in patients with
CRS. In the left panel, the data points represent the minimal and maximal percentages of tissue area posi-
tive for MBP immunofluorescence in each of the 22 patient specimens; the horizontal lines show the mean
values in each group. Within the same specimen, the eosinophilic inflammation in the sinus tissues, as mea-
sured by the area positive for MBP, is very heterogeneous. In the right panel, the data points represent the
maximal percentage of tissue area positive for MBP immunofluorescence in allergic versus nonallergic
patients; no statistically significant differences were evident. *Defined as a positive skin prick test to at least

1 allergen in a panel of 16 common aeroallergens.

None of the specimens from healthy control subjects
(0/4) stained positive for MBP immunofluorescence,
indicating an absence of eosinophils as well as free
eosinophil granules.

DISCUSSION

The predominantly eosinophilic inflammation present
in CRSis recognized as playing an important role in the

pathogenesis of CRS.111 Because less than half of the
patients with CRS in this study and in prior studies have
elevated specific IgE or positive skin tests, this
eosinophilic inflammation is not likely driven by an IgE
mechanism. Furthermore, the eosinophilic inflammation
is clearly heterogeneous in any given specimen; there-
fore, careful evaluation of numerous sites of the samerel-
atively large tissue specimen is needed to avoid false-
negatives with erroneous conclusions. For example,
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FIG 5. Comparison of histopathology in CRS sinus and asthma lung specimens. The striking similarities in
the histopathology of specimens from patients with CRS (5a and 5b) and fatal asthma (5¢ and 5d) are illus-
trated. H&E-stained sections (5a and 5¢) show erosion of the epithelium (stage 2, black arrowheads) as well
as basement membrane thickening (stage 1, yellow arrowheads; stage 2, white arrowheads). MBP immuno-
fluorescence-stained serial sections (5b and 5d) show that the intensity of the eosinophilic infiltration
appears to be similar in CRS (5b) and in asthma (5d). Original magnification x400.

TABLE Il. Patient demographics

Age (mean, range)

Gender

Number of previous sinus surgeries (mean, range)
Duration of disease (mean, range)

Incidence of asthma or increased airway hyperreactivity*
Incidence of aspirin sensitivity

Total IgE (mean, range)

Incidence of elevated total IgE (>128 KU/L)

Incidence of allergyt

47.4 years 16-86 years
11 Female 11 Male
18 0-7
8.6 years 2-27 years

91% (20/22)
41% (9/22)

339 KU/L 9-1483 KU/L
50% (12/22)
45% (10/22)

*Fifteen of 22 patients had physician-diagnosed asthma, and the remaining 5 patients had increased airway hyperreactivity, as demonstrated by methacholine

challenge test.

TDefined as a positive skin prick test to at least 1 allergen in a panel of 16 common aeroallergens. Of the 15 patients with asthma, 7 had allergy; of the 5
patients with increased airway hyperreactivity, 2 had alergy; and of the 2 patients without asthma or increased airway hyperreactivity, 1 had allergy.

small biopsy specimens of nasal tissue, which reveal no
eosinophils or MBP, might be vulnerable to sampling
errors and give a false-negative result. To minimize sam-
ple artifacts, we also used meticulous techniques in
obtaining the specimens. In addition, in prior studies, the
patients’ use of systemic or topical corticosteroids before
obtaining the specimen might explain the absence of
eosinophils in a small percentage of cases. Thus, an
examination of the entire tissue specimen as well as
avoidance of corticosteroids before obtaining the speci-
men are likely required to optimize the detection of the
eosinophilic inflammation.

Striking epithelial damage and basement membrane
thickening were present in all 22 patients with CRS, a
finding that had not been previously recognized in CRS.
Moreover, CRS and asthma share similar histopatho-
logic features, namely, an intense eosinophilic inflam-
mation, basement membrane thickening, and erosion of
the epithelium (Fig 5). It is well known that CRS and
asthma occur concomitantly in many patients and clini-
cally flare at the same time. Because the histopathol og-
ic changes are strikingly similar, these airway disorders
might be tissue-specific regional manifestations of the
same disease.
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The severe erosion and prominent damage to the
epithelial layer could also explain the acute bacterial
exacerbations seen in patients with CRS. Because there
is no consistent difference between the bacterial popula-
tions of patientswith CRS and healthy control subjects,18
the bacteria themselves cannot be considered pathogenic.
The damaged epithelium might provide an entry port for
the colonizing bacteria to invade the nasal and paranasal
tissues and establish an infection. Healthy control sub-
jects, as shown in our study, consistently maintain an
intact epithelial barrier, thereby denying an entry port for
colonizing bacteria. In contrast to the sinuses, the relative
sterility of the lung might explain the lack of frequent
bacterial infections in patients with asthma.

The clinical significance of these histopathologic find-
ings relates to the clinical associations between these 2
disorders. As noted in Table 11, 15 of 22 (68%) of the
patients with CRS had been previously diagnosed with
asthma. In addition, the remaining 7 patients with CRS
were given a methacholine challenge test, and 5 of 7
showed hyperreactive airway disease. Overall, 91% of
patients with CRS had either asthma or increased airway
hyperreactivity. Thus, patients with CRS should be tested
for asthma, as we can anticipate the likely diagnosis of
asthmain patients with CRS (and vice versa). Their asth-
ma can be diagnosed and treated at an earlier stage to min-
imize unwanted complications or severe manifestations.

The previously described histopathologic markers of
asthma (eosinophilic inflammation and features of air-
way remodeling, such as erosion of epithelium and base-
ment membrane thickening) are also present in sinonasal
specimens from patients with CRS. These findings along
with the high clinical overlap suggest that CRS and asth-
ma are part of the same disease process: an eosinophilic
inflammation of airway mucosa stretching from the nos-
tril down to the alveoli. This inflammation has the abili-
ty to mediate the epithelial damage seen in CRS; this
damage might be a crucial factor in the development of
secondary bacterial infections in patients with CRS,
which are absent in healthy control subjects.
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