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ABSTRACT

OBJECTIVE: Local production of antigen-specific IgE in aller-
gic fungal rhinosinusitis (AFRS) is likely integral to the expression
of allergy. This study examines if there are anatomic variations in
local IgE expression or if variations among fungal and nonfungal
IgE exist.
STUDY DESIGN: Cross-sectional study.
SETTING: Tertiary medical center.
SUBJECTS AND METHODS: Specimens from 11 AFRS, 8
chronic rhinosinusitis without nasal polyps (CRSsNP), and 9 con-
trol patients underwent immunohistochemical localization for IgE
and evaluation for antigen-specific IgE by ImmunoCAP testing.
RESULTS: Inferior turbinate (IT) epithelium had greater IgE
staining in AFRS than control (P � 0.013) and CRSsNP (P �
0.002). A significant difference was also found at the IT subepi-
thelial level for AFRS compared with controls (P � 0.001) and
CRSsNP (P � 0.001). Within AFRS, IgE staining was increased in
the subepithelium compared to epithelium (P � 0.003). Immuno-
CAP analysis on IT tissue from AFRS and controls demonstrated
increased antigen-specific IgE for 5 of 14 antigens (P � 0.05) and
total IgE (P � 0.001). There were no significant anatomic differ-
ences between IT and sinus IgE staining.
CONCLUSION: More fungal and nonfungal IgE is expressed in
IT and sinus tissues of AFRS patients, as compared with control
and CRSsNP patients.

© 2009 American Academy of Otolaryngology–Head and Neck
Surgery Foundation. All rights reserved.

AAllergic fungal rhinosinusitis (AFRS) is a chronic con-
dition prevalent throughout the humid river basins and

coastal regions of the Southeastern United States. Despite
recent advances in the field of endoscopic sinus surgery and
improvement in the delivery methods of topical drugs and
irrigations, AFRS patients continually suffer from the con-
sequences of their disease. Bent and Kuhn1 have established
the classic criteria for defining this entity, which includes a
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type I IgE-mediated hypersensitivity reaction, a positive
fungal stain/culture, characteristic radiologic findings, the
presence of eosinophilic mucin without fungal invasion, and
nasal polyposis.

Nasal polyposis is a hallmark of AFRS. A multitude of
factors have been proposed as key agents in the develop-
ment of polyposis, including fungi, enterotoxins, eosino-
phils, and IgE.2-6 Researchers have been recently investi-
gating specific inflammatory markers in various sinus
inflammatory conditions. A study by Kim et al2 highlighted
some of the immunologic and histologic aspects of nasal
polyps, with the majority of polyps examined by their study
being non-eosinophilic in nature. In addition, they found no
true relationship between the levels of serum IgE and pres-
ence or absence of eosinophils in nasal polyps. This finding
is in contrast to the results of the study by Bachert et al,4 in
which nasal tissue homogenates from patients with and
without nasal polyposis were examined, and a relationship
between IgE and eosinophilic inflammation in polyps was
identified.4 Furthermore, they suggest this IgE could be
locally produced, which helps to explain the discrepancy
between these two studies.4 These studies illustrate the
diversity that exists across the vast spectrum of patients and
their corresponding inflammatory conditions, possibly due
to geographic variations or heterogeneity in the pathophys-
iology of nasal polyposis.

Recent literature has focused on the role and significance
of local IgE production in a variety of rhinologic conditions,
including AFRS. KleinJan et al7,8 demonstrated local si-
nonasal mucosal production of allergen-specific IgE in
allergic rhinitis patients. Similarly, production of anti-
gen-specific IgE has been demonstrated locally in the
bronchoalveolar lavage fluid of asthmatic patients after
allergen challenge.9 Applications to AFRS were previously
limited to the investigation of local IgE presence in nasal
lavage fluid and eosinophilic mucin.3,10 A recent study
completed by our group took this issue a step further by
009.
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demonstrating increased expression of antigen-specific fun-
gal and nonfungal IgE in sinus mucosa of AFRS patients
compared with controls.11

The purpose of this study was to expand on our pre-
vious results by examining the anatomic differences in
location and quantity of local IgE at both sinus mucosa
and inferior turbinate subsites in patients with AFRS, as
compared with patients with chronic rhinosinusitis with-
out nasal polyposis and those designated as control.11 We
previously hypothesized and demonstrated that IgE-bearing
cells would be present in greater numbers in AFRS sinus
mucosa, compared with the other diagnostic groups. In this
study, we further hypothesize that AFRS inferior turbi-
nate tissue will show increased local IgE production over
inferior turbinate tissue from other patient groups. From
an anatomic standpoint, we hypothesized that IgE-bear-
ing cells would be present in greater concentrations in
sinus mucosa specimens compared with turbinate speci-
mens, given the propensity of polyps to form in the
sinuses rather than nasal and turbinate tissue. The second
aim was to investigate the quantity of both antigen-
specific fungal and nonfungal IgE in both sinus mucosa
and inferior turbinate specimens of AFRS patients com-
pared with controls.

MATERIALS AND METHODS

Approval was obtained from the Institutional Review Board
at the Medical University of South Carolina before this
study was initiated. Patients were counseled before surgery
about the research protocol, and informed written consent
was acquired from each patient who participated in this
study. All participants were treated at a single institution,
the Medical University of South Carolina.

Twenty-eight patients were enrolled in the study. The
patients were divided into three diagnostic groups: 1) pa-
tients with AFRS (11 patients); 2) patients with chronic
rhinosinusitis without nasal polyposis (CRSsNP) (8 pa-
tients); and 3) patients designated as control (9 patients). All
AFRS patients were diagnosed with the classic Bent and
Kuhn criteria. IgE hypersensitivity to fungi in AFRS pa-
tients was demonstrated by either skin testing (MQT
method) or in vitro testing of serum. CRSsNP patients were
diagnosed through clinical and radiographic examinations
that revealed inflammatory sinus disease without the sub-
jective history of atopy. Control patients were those who
underwent either tumor extirpation or CSF leak repair and
had no subjective or objective history of inflammatory sinus
disease. CRSsNP and control patients were not routinely
allergy tested as this was not part of their standard treat-
ment. During endoscopic sinus surgery, tissue specimens
were taken from the patients at both osteomeatal complex
(uncinate and anterior ethmoid tissue) and inferior turbinate
subsites. All patients were treated the same pre-operatively,

ie, patients who consented to surgery were devoid of both
steroidal and antifungal medications for one month prior to
surgery.

Histologic Immunolocalization and

Quantification of Total IgE

(Immunoperoxidase Staining)

Specimens were collected at the time of surgery, placed in
Tissue-Tek O.C.T. medium (Sarkura Finetek, Torrance,
CA), and immediately snap-frozen in liquid nitrogen. They
were then stored at –80° C until time of processing. A Leica
CM 1850 cryostat (Wetzlar, Germany) was used to cut the
specimens (6 �m thickness), which were subsequently af-
fixed to poly-L-lysine coated slides. All slides were then
thawed for 24 hours before processing.

Immunoperoxidase staining began by subjecting the
slides to tissue fixation in ice-cold acetone for 10 minutes at
room temperature. Slides were then dried completely,
washed in FA (phosphate-buffered saline solution for fluo-
rescent antibody applications) buffer, and subjected to 0.6
percent hydrogen peroxide (a total of 5 treatments) to
quench endogenous peroxidase activity. Nonspecific anti-
body staining was blocked with the Vectastain ABC block-
ing agent (Vector Labs, Burlingame, CA) for a period of 20
minutes. The slides were then incubated with commercially
available antibody to IgE (Invitrogen/Zymed, Carlsbad,
CA) for one hour. After this incubation, the slides were
again washed in FA buffer and subsequently subjected to
biotinylated secondary antibody (Vector Labs) for 30 min-
utes. A third FA buffer wash was then performed. Next,
Vectastain ABC solution was added to the slides for 30
minutes, followed by incubation with AEC (3-Amino-9-
Ethylcarbazole, Sigma Chemical Company, St Louis, MO)
reagent for 10 minutes. A final FA buffer wash was per-
formed. Slides were then counterstained with Harris hema-
toxylin (Surgipath Medical Ind., Inc, Richmond, IL) for 45
seconds. Slides were allowed to air-dry overnight, followed
by application of aquamount and a coverslip to all speci-
mens. Isotype negative controls were performed simulta-
neously on all specimens.

A Zeiss Axiovert 200 M microscope (Carl Zeiss, Inc,
Germany) was used to take photomicrographs from 5 ran-
dom epithelial and 5 random subepithelial sections on each
slide. The photographer was blinded to patient and condi-
tion. Photos were then presented to a panel of 4 blinded
graders who quantified the positive stains.

Appropriate statistical analysis was performed with a
Kruskal-Wallis nonparametric test to assess group differ-
ences in local IgE staining among the three diagnostic
groups (AFRS, CRSsNP, and controls) at both the epi-
thelial and subepithelial levels. Follow-up testing was
performed with Mann-Whitney U tests to identify signif-
icant group differences. Nonparametric Wilcoxon sign
rank tests were performed within each diagnostic group

to evaluate for significant differences in IgE staining at
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the epithelial versus subepithelial level and between si-
nus and turbinate tissue.

Anatomic Subsite Identification of Fungal

and Nonfungal Specific IgE (ImmunoCAP

Analysis)

At the time of surgery, specimens were placed in sterile
conical vials and snap frozen in liquid nitrogen. Only spec-
imens from AFRS patients and controls were stored, as
tissue quantity was not adequate for analysis of CRSsNP
patients. Before processing, specimens were thawed for one
hour and placed in 1 mL of sterile phosphate-buffered saline
(PBS) solution. A tissue homogenizer was used to obtain a
single cell suspension for each specimen. The suspensions
were transferred to 1.5 mL microcentrifuge tubes and cen-
trifuged for 5 minutes at 10,000 rpm (4° C). Supernatants
were decanted into 5 mL snap top tubes and placed on ice.
All specimens were processed by a standard laboratory
homogenization protocol, and slight modifications were
made to ensure consistent sample quality for subsequent
ImmunoCAP testing.

The single cell suspensions were then converted into
lysates with an ultrasonicator. Each specimen was sonicated
at 15 second pulse intervals until a total of 7 pulses had been
performed. Complete lysis was confirmed by Trypan Blue
exclusion. A sample of the mixture was transferred to a
hemecytometer to identify whole cells. If whole cells were
observed, the sonication process was repeated until whole
cells were no longer observed. Total protein levels were
determined for the lysates by BCA assay (Thermo Scien-
tific, Rockford, IL).

One milliliter samples of each lysate were submitted
for ImmunoCAP (Phadia AB, Portage, MI) analysis
through the clinical laboratory at the Medical University
of South Carolina. IgE levels determined by ImmunoCAP
analysis were standardized for total protein. The follow-
ing specific antigens were examined: Cladosporium, As-
pergillus, Alternaria, Bermuda grass, Timothy grass,
white oak tree, red maple tree, cocklebur, plantain, rag-

Figure 1 Pictomicrographs of IgE antibody staining in turbinate
the positive staining cells (red) within the epithelium were coun
designated as epithelial sections: (A) AFRS patient, (B) control p
weed, dust mite, cockroach, cat, dog, and total IgE.
RESULTS

Histologic Immunolocalization and

Quantification of Total IgE
Examination of nonspecific total IgE epithelial staining
among the three diagnostic groups revealed statistically
significant differences in the turbinate specimens (P �
0.005) (Fig 1). Within the turbinate epithelial samples,
AFRS tissue demonstrated an increased amount of IgE
staining as compared with CRSsNP (P � 0.002) and con-
trols (P � 0.013) (Fig 2). No difference was seen in epi-
thelial IgE stains between CRSsNP and control patients.

Analysis of subepithelial specimens also demonstrated a
statistically significant difference among all diagnostic
groups (P � 0.001) (Fig 3). In the turbinate subepithelial
specimens, AFRS IgE stains were increased as compared
with CRSsNP (P � 0.001) and controls (P � 0.001) (Fig 4).

elial representative tissue sections. Within epithelial sections, only
ositive subepithelial staining was not counted on tissue sections
and (C) CRSsNP patient.

Figure 2 Graph of IgE positive cell counts among various
epith
ted; p
diagnostic groups in the turbinate epithelial specimens.
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No difference was seen in subepithelial IgE stains between
CRSsNP and control patients.

Further analysis of turbinate IgE staining in both epithe-
lial and subepithelial levels revealed an increased amount of
staining in the subepithelium compared with the epithelium
in AFRS patients (P � 0.003). This relationship was not
observed with the other two diagnostic groups.

Examination of overall staining between sinus and tur-
binate specimens (including epithelial and subepithelial sec-
tions combined) revealed no significant difference in total
IgE in sinus tissue as compared with turbinate tissue in
AFRS patients. Likewise, there was no significant differ-
ence in sinus and inferior turbinate tissue IgE staining for
CRSsNP and control groups (Fig 5).

Anatomic Subsite Identification of Fungal

and Nonfungal Specific IgE (ImmunoCAP

Analysis)
Specific IgE for 14 different antigens and total IgE were
evaluated via ImmunoCAP analysis for AFRS and control

Figure 3 Pictomicrographs of IgE antibody staining in turb
sections, only the positive staining cells (red) within the subepithe
sections designated as epithelial sections: (A) AFRS patient, (B)

Figure 4 Graph of IgE positive cell counts among various

diagnostic groups in the turbinate subepithelial specimens.
patients. The diagnostic group CRSsNP was not included
because of a lack of adequate tissue in a number of cases.
Both sinus and inferior turbinate specimens were examined.
We have previously reported that in sinus tissue speci-
mens, AFRS samples demonstrated significantly in-
creased levels of specific IgE to 7 of 14 antigens tested as
compared with controls.11 Similarly, inferior turbinate
specimens had increased levels of specific IgE to 5 of 14
antigens examined compared with controls (Table 1).
Total IgE was significantly elevated in AFRS samples
compared with controls at both anatomic subsites (P �
0.004 for sinus specimens and P � 0.001 for turbinate
specimens). There were no significant differences in local
IgE expression when comparing sinus tissue to turbinate
tissue.

ubepithelial representative tissue sections. Within subepithelial
ere counted; positive epithelial staining was not counted on tissue
patient, and (C) CRSsNP patient.

Figure 5 Graph of average IgE positive cell counts (including
epithelial and subepithelial counts) among various diagnostic
inate s
lium w
groups compares sinus versus turbinate anatomic subsites.
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DISCUSSION

Few would argue that one of the mainstays behind the
pathophysiology of AFRS is atopy. This belief is supported
by numerous articles and studies, and as a result we have
seen a shift in the treatment paradigm for this disease.10,12,13

Mabry et al14 highlighted a successful treatment protocol for
AFRS that combined immunotherapy for both fungal and non-
fungal antigens with traditional surgical methods. Marple13

thoroughly reviewed the history and evolution of the treatment
for AFRS and emphasized that the likely successful route for
these patients includes a combination of medical and surgical
therapies no longer aimed at eradication of an infectious pro-
cess, but rather an atopic one.

Addressing the upregulated IgE response through immu-
nomodulation stemmed from earlier studies that investi-
gated AFRS patients and their proclivity for systemic reac-
tivity to fungal-specific IgE by skin and in vitro (serum)
allergy testing.15-17 Treatment in the form of immunother-
apy has expanded to include nonfungal antigens, as some
studies have shown both fungal and nonfungal antigens to
be increased in this patient population.14,18 Our data from
ImmunoCAP analysis of local antigen-specific IgE produc-
tion in sinus and inferior turbinate tissue support this course
of treatment, as we found both fungal and nonfungal spe-
cific IgE to be increased in AFRS patients compared with
controls.

Nasal polyposis is a hallmark of this disease, and previ-
ous studies link polyp development, at least in part, to the
role of IgE.2-5 Early theories of local production of IgE have
been supported by recent studies that investigated biopsies
of polyps and nasal lavage fluid from patients with allergic
rhinitis, where increased levels of IgE were found in local

Table 1

Specific and total IgE in sinus and turbinate specimen

Specific IgE
(mean mUA/mg)

Sinus tissue

Control (n � 9) AFRS (n � 11

Bermuda grass 35.35 138.28
Timothy grass 32.94 191.48
White oak 66.68 156.60
Cladosporium 52.22 324.69
Red maple 0 96.10
Dust mite 93.20 1031.27
Cockroach 6.01 84.53
Ragweed 0 102.41
Plantain 29.73 152.92
Cocklebur 46.60 208.75
Aspergillus 74.72 581.43
Alternaria 190.38 1781.12
Cat dander 114.65 48.23
Dog dander 102.19 52.24
Total IgE (mIU/mg) 1537.34 73204.51

For individual antigens listed above, the numerical values liste
patient category and is expressed as mUA/mg (of total protein
tissues.19-21 Bachert et al4 suggested that local IgE produc-
tion occurred after finding increased levels of total IgE in
nasal polyp tissue compared with inferior turbinate tissue.
Our present study supports these findings, as we examined
and quantified local IgE expression via immunohistochem-
ical analysis. In AFRS specimens, we found significantly
increased levels of IgE staining throughout the epithelium
and subepithelium in turbinate tissues of patients with
AFRS as compared with the other diagnostic groups. These
results and patterns were identical to the previously pub-
lished increased levels of IgE staining seen in sinus tissues
of the same patient cohort.11

As previously mentioned, the upregulation of staining
was exaggerated in the subepithelium compared with the
epithelium. IgE staining is nonspecific as to site of produc-
tion and cell of origin. The staining demonstrated in our
study may be representative of an increase in a variety of
cell types, such as plasma cells, mast cells, or eosinophils,
which bear IgE. An examination into which specific cells
are responsible and whether tissue IgE is actually produced
locally or is simply increased due to local migration after
production elsewhere remains an area for future investiga-
tion. However, the information is valuable in that it provides
insight into the location of the epicenter of the IgE-mediated
inflammatory process.

In contrast to the Bachert et al4 study, we did not find a
significant difference in total IgE between sinus mucosa and
inferior turbinate specimens. One possible cause for this
discrepancy may be related to the different patient popula-
tions studied (AFRS vs CRS with nasal polyps). Our orig-
inal hypothesis was that IgE-bearing cells would be present
in greater concentrations in sinus mucosa specimens com-
pared with turbinate specimens given the propensity of

S and control ImmunoCAP analysis11

Turbinate tissue

value Control (n � 9) AFRS (n � 11) P value

0.146 23.08 179.23 0.203
0.041 25.34 563.77 0.198
0.288 54.66 378.21 0.260
0.044 44.92 394.11 0.031
0.045 11.03 68.04 0.075
0.176 63.38 658.44 0.071
0.034 21.60 67.41 0.189
0.029 18.46 59.26 0.183
0.072 26.29 113.60 0.027
0.046 31.28 110.86 0.043
0.004 118.24 380.07 0.031
0.177 123.99 1066.20 0.025
0.536 44.90 266.85 0.462
0.488 21.23 73.90 0.478
0.004 839.15 20259.29 �0.001

sent the mean value obtained from all specimens within each
numbering indicates which values are statistically significant.
s: AFR

) P

d repre
). Bold
polyps to form on sinus mucosa. The absence of this finding
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suggests that local IgE expression and production is likely
not the sole factor in polyp formation, but rather one of
many contributing factors in their evolution. Furthermore,
this negative finding brings into question the previously
used practice of including turbinate specimens as control
tissues from patients with sinonasal inflammatory condi-
tions. Because IgE is upregulated throughout the sinonasal
cavity in AFRS, including polyp-forming and non–polyp-
forming tissues, other inflammatory mediators may exhibit
similar patterns of expression. If true, the use of different
subsites for comparison in the same patient may yield in-
accurate information.

CONCLUSION

An increased local expression and accumulation of IgE
occurs throughout the nasal cavity of patients with AFRS,
and this response appears to be exaggerated in the subepi-
thelium compared with the epithelium. Elevations of anti-
gen-specific IgE to both fungal and nonfungal antigens were
detected in our ImmunoCAP analysis. Interestingly, our
data demonstrate no anatomic differences with respect to
IgE expression, which is surprising when one considers the
usual site of polyp formation. This suggests that controlling
the type I mediated hypersensitivity reaction that occurs is
not the only aspect that should be addressed by otolaryn-
gologists.
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