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We have recently shown the increased mRNA expression of interleukin (IL)-4 and IL-13 in sinus biopsies
from allergic subjects with chronic sinusitis (ACS), whereas only IL-13 mRNA was elevated in biopsies
obtained from nonallergic subjects with chronic sinusitis (NCS). In the lymph nodes and spleen, these cy-
tokines may promote IgE production through transcriptional activation of the germline IgE heavy chain
promoter, an event which precedes immunoglobulin isotype switching to IgE in B cells. We hypothesized
that local expression of IL-4 and/or IL-13 might act by inducing germline IgE heavy chain transcript ex-
pression locally in the sinus mucosa of chronic sinusitis patients. Mucosal sinus biopsies were obtained
from 13 patients with ACS, 12 subjects with NCS, and 11 normal control individuals. The numbers of B
cells in the sinus mucosa were studied by immunocytochemistry with anti-CD20 monoclonal antibodies.

 

In situ

 

 hybridization was performed using antisense radiolabeled riboprobes complementary to the IgE

 

«

 

-heavy chain germline (I

 

«

 

) and heavy chain constant region (C

 

«

 

) gene transcripts. Riboprobes specific
for the IgG 

 

g

 

-heavy chain constant region (C

 

g

 

) were used as an isotype control. Immunocytochemical
analysis indicated augmented numbers of CD20-positive B cells in the biopsies obtained from ACS pa-
tients compared with NCS subjects (

 

P

 

 

 

,

 

 0.05) and normal control subjects (

 

P

 

 

 

,

 

 0.01). Statistically signif-
icant increases were observed in the numbers of cells expressing I

 

«

 

 and C

 

«

 

 transcripts in the sinus mucosa
of ACS patients compared with those with NCS (

 

P

 

 

 

,

 

 0.001) and normal controls (

 

P

 

 

 

,

 

 0.001), while C

 

g

 

RNA expression did not differ significantly between the groups. In three randomly selected ACS biopsies,
92–100% of cells expressing C

 

«

 

 transcripts and 100% of I

 

«

 

 RNA-positive cells coexpressed CD20 immu-
noreactivity. Cells expressing C

 

«

 

 transcripts were also significantly increased in NCS compared with nor-
mal controls (

 

P

 

 

 

,

 

 0.05). The results of this study suggest that local IgE class switching occurs in the
pathogenesis of ACS and that ACS and NCS are both associated with increased expression of C

 

«

 

 tran-
scripts. 
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Chronic sinusitis is a disease of significant morbidity in pa-
tients with and without allergy (1). It is associated with cel-
lular infiltration of the sinus mucosa with lymphocytes,
monocyte/macrophages, and eosinophils (2, 3). The re-
cruitment and activation of these inflammatory cells are
believed to be mediated by T cell-derived cytokines. We

have recently shown the increased density of cells express-
ing interleukin (IL)-4 mRNA in the sinus mucosa of aller-
gic subjects with chronic sinusitis (ACS), but not in nonal-
lergic subjects with chronic sinusitis (NCS). In contrast,
IL-13, a cytokine with functional similarities to IL-4, was
augmented in the sinus mucosa of both ACS and NCS pa-
tients (3).

 

In vitro

 

 studies have suggested an important role for
IL-4 and IL-13 in allergic inflammation through the induc-
tion of immunoglobulin isotype switching to IgE in B cells
(4, 5). This site-specific DNA recombination results in re-
arrangement of the immunoglobulin heavy chain genes so
as to activate production of IgE in lieu of other immuno-
globulin classes. IL-4 and IL-13 are believed to be crucial
in the events that precede IgE isotype switching by stimu-
lating transcription from the germline gene promoter lo-
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cated upstream of the unrearranged IgE 

 

«

 

-heavy chain
constant region coding gene segments (C

 

«

 

) (4–6). Tran-
scription from the germline gene promoter has two conse-
quences: (

 

1

 

) the production of untranslatable transcripts
containing the IgE 

 

«

 

-heavy chain germline (I

 

«

 

) and C

 

«

 

 se-
quences, and (

 

2

 

) the generation of the conditions required for
operation of the putative switch recombinase (7–10). In the
process of isotype switching, I

 

«

 

 is deleted and the C

 

«

 

 gene is
positioned directly downstream of the variable region genes
encoding antigen specificity. Cells expressing I

 

«

 

 transcripts
are therefore necessary precursors to IgE-producing B cells.

We have previously shown increased expression of C

 

«

 

and I

 

«

 

 transcripts in allergen-induced rhinitis, suggesting
that immunoglobulin isotype switching to IgE may occur
in the nasal mucosa and not exclusively in the lymph nodes
and spleen (11). In the present study, we investigated IgE
switch recombination within the sinus mucosal microenvi-
ronment in allergic and nonallergic chronic sinusitis pa-
tients. 

 

In situ

 

 hybridization was employed to compare C

 

«

 

and I

 

«

 

 transcript expression in sinus biopsies obtained
from ACS, NCS, and normal non-atopic controls. Ribo-
probes corresponding to the IgG 

 

g

 

-chain constant region
(C

 

g

 

) were used as an isotype control. B-cell infiltration in
the sinus mucosa was examined by immunocytochemistry.

 

Materials and Methods

 

Study Design

 

Twenty-five patients were recruited from the SMBD-Jew-
ish General Hospital, Department of Otolaryngology
(Montreal, Quebec, Canada) with the approval of the Jew-
ish General Hospital Ethics Committee. Patients had a
history of chronic sinusitis for at least 6 mo with one or
more of the following symptoms: chronic perennial nasal
congestion, anosmia, ageusia, rhinorrhea, postnasal drip,
headache, or discomfort in the regions of the sinuses. Pa-
tients underwent computerized axial tomographic exami-
nations taken in the coronal plane prior to their surgeries,
which demonstrated variable pathologic changes ranging
from mucosal hypertrophy at least 6 mm in thickness in
one or more of the sinuses to complete opacification of the
sinuses.

Patients who had hypogammaglobulinemia, a history of
cystic fibrosis, bronchiectasis, immotile cilia syndrome, sys-
temic granulomatous disease, cocaine use, or immunodefi-
ciency were excluded. Antibiotics were withheld for 4 wk
prior to the study.

 

Initial Evaluation

 

A questionnaire regarding history of sinusitis, allergy, envi-
ronmental exposure, previous sinus surgeries, immunother-
apy, and medical treatment was filled out by each patient. Al-
lergen skin-prick tests were performed with a panel of
aeroallergens prevalent in Canada, including trees, grasses,
weeds, molds, standardized cat, mixed-breed dog, 

 

Dermato-
phagoides pteronyssinus,

 

 and 

 

Dermatophagoides farinae

 

. A
skin test was considered positive if a wheal of 3 mm or more
in diameter was elicited. Negative and positive controls for
the skin tests were performed with diluent and histamine, re-
spectively. Patients were thus categorized as having chronic
sinusitis with allergy or chronic sinusitis without allergy.

 

Normal Control Sampling

 

Biopsies representing the normal sinus mucosa were col-
lected from the anterior ethmoid air cells of 11 subjects
without chronic sinusitis undergoing surgical procedures
such as septoplasty or rhinoplasty. Normal subjects had
negative skin-test results and no history of allergies,
asthma, aspirin sensitivity, previous sinus surgery, sinus
disease, or recent attack of upper respiratory-tract infec-
tion.

 

Tissue Collection

 

Tissue was obtained from patients and control subjects un-
der general anesthesia during the planned surgical proce-
dures, functional endoscopic sinus surgery, septorhino-
plasty, or septoplasty. For patients, biopsies from the
ethmoid sinuses were used and right or left sides were bi-
opsied randomly. The specimens obtained from each pa-
tient were processed for 

 

in situ

 

 hybridization and immuno-
cytochemical analyses.

For 

 

in situ

 

 hybridization, tissue was immediately fixed
in 4% paraformaldehyde for 2 h then washed in phos-
phate-buffered saline (PBS) with 15% sucrose at 4

 

8

 

C over-
night. Tissue was then blocked in ornithine carbamyl
transferase (OCT) medium and frozen in liquid nitrogen-
cooled isopentane. Cryostat sections, 8 

 

m

 

m, were mounted
on poly-

 

L

 

-lysine-coated slides and stored at 

 

2

 

80

 

8

 

C prior to
use.

Tissue for immunocytochemistry was immersed in 15%
PBS on ice for 15–20 min, then blocked in OCT medium
and snap-frozen. Cryostat sections of 5-

 

m

 

m thickness were
mounted on slides and stored at 

 

2

 

20

 

8

 

C until use.

 

Immunocytochemistry

 

We employed the alkaline phosphatase anti-alkaline phos-
phatase (APAAP) technique, as previously described
(12). The slides were retrieved from the 

 

2

 

20

 

8

 

C freezer and
allowed to acquire room temperature before incubation
with the primary antibodies. Staining was performed with
a mouse antihuman CD20 monoclonal antibody (Becton-
Dickenson, Mississauga, Ontario, Canada) diluted in Tris-
buffered saline. This was followed with application of rab-
bit antimouse immunoglobulin, and then the APAAP
complex. The reaction was visualized with Fast Red
(Sigma Chemical Co., St. Louis, MO). Negative controls
involved the replacement of the primary antibody with
Tris-buffered saline or an irrelevant mouse isotype-matched
antibody, and none exhibited positive staining.

 

In Situ

 

 Hybridization

 

The procedure has been described elsewhere in detail
(13). Slide specimens were permeabilized with 0.3% Tri-
ton X-100 in PBS for 10 min and then with proteinase K
(1 

 

m

 

g/ml) in 0.1 mol/liter Tris that contained 50 mmol/liter
ethylenediaminetetraacetic acid (EDTA) for 20–30 min at
37

 

8

 

C. Immersion of the slides in 4% paraformaldehyde for
5 min terminated the reaction. Specimens were then
treated in 0.25% acetic anhydride in 0.1 mol/liter trietha-
nolamine for 10 min to reduce nonspecific binding. Prehy-
bridization was performed in 50% formamide and 2

 

3

 

standard saline citrate (SSC) for 30 min at 40

 

8

 

C. Dehydra-
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tion of the specimens using ethanol was performed gradu-
ally, starting with 70% and ending with 100% ethanol.

Riboprobes, both antisense (complementary to mRNA)
and sense (identical in sequence to mRNA), were pre-
pared from cDNA encoding C

 

«

 

 and I

 

«

 

 (11). Sense and an-
tisense riboprobes were also prepared from C

 

g

 

 cDNA
(corresponding to the C

 

g

 

2 region) to act as an isotype con-
trol (11). cDNA were inserted into different pGEM vec-
tors (Promega Corp., Madison, WI) and linearized with
appropriate enzymes before transcription. Transcription
was carried out in the presence of 

 

35

 

S and the appropriate
RNA polymerases.

For hybridization, radiolabeled antisense (10

 

6

 

 cpm/sec-
tion) diluted in hybridization buffer was employed. The
slides were covered with dimethyldichlorosilane-coated
cover slips and hybridization was performed in a humid
chamber for 12 h at 40

 

8

 

C.
Posthybridization washing was done in decreasing con-

centrations of SSC (4

 

3

 

 SSC to 0.05

 

3

 

 SSC) at 43

 

8

 

C. Unhy-
bridized, single-stranded RNAs were removed by treating
the preparations with RNase A (20 

 

m

 

g/ml), 0.5 mol/liter
NaCl, 10 mmol Tris, and 1 mmol/liter EDTA for 30 min at
42

 

8

 

C. After dehydration, the slides were immersed in
emulsion and left to dry overnight. The autoradiographs
were developed in Kodak D-19 and counterstained with
hematoxylin.

As a control for the experiments, slides were hybridized
with sense probes or treated with RNase A solution at
37

 

8

 

C for 40 min prior to the prehybridization step. No sig-
nals were observed in any of the control experiments, thus
confirming the specificity of the results obtained during
hybridization with the complementary RNA probes.

 

Combined Immunocytochemistry–

 

In Situ

 

 Hybridization

 

To identify the percentage of C

 

«

 

 and I

 

«

 

 RNA-positive cells
coexpressing the B-cell marker CD20, co-localization
studies were performed on sinus biopsy sections prepared
from three randomly selected ACS subjects. This tech-
nique has been described elsewhere (14). The specimens
were first immunostained with the anti-CD20 monoclonal
antibody using the APAAP technique. To avoid RNase
contamination, all solutions used were made up in 0.1%
diethylpyrocarbonate-treated distilled water. After immu-
nochemical staining, the specimens were processed for 

 

in
situ

 

 hybridization using digoxigenin-labeled C

 

«

 

 or I

 

«

 

 anti-
sense riboprobes. Cell counts were expressed as the per-
centage of C

 

«

 

 or I

 

«

 

 RNA-positive cells that co-expressed
immunoreactivity for CD20.

 

Quantification

 

For immunocytochemistry and 

 

in situ

 

 hybridization, slides
were counted blind in a coded, random fashion using a light
microscope with an eyepiece graticulate (0.202 mm

 

2

 

). At
least two sections were assayed, from which three to four
fields in the subepithelium were counted. The graticulate
was oriented along the epithelial basement membrane and
the results were expressed as mean numbers of positive
cells per field 

 

6

 

 standard error of mean (SEM). The
within-observer coefficient of variation for repeated counts
of immunostaining was 8% and for hybridized sections less
than 5%. Comparisons of cell counts between groups were

performed by analysis of variance with subsequent Tukey
honest significant difference (HSD) multiple comparisons.

 

P

 

 values 

 

,

 

 0.05 were accepted as statistically significant.
Statistical analyses were performed using a standard com-
puter package (Systat v. 6.1; Systat, Inc., Evanston, IL).

 

Results

 

Patient Characteristics

 

Of the 25 patients recruited with chronic sinusitis, 12 were
non-atopic (mean age: 48 yr; sex: 6 female, 6 male) and 13
were atopic (mean age: 39 yr; sex: 8 male, 5 female).
Eleven normal, healthy subjects (mean age: 34 yr; sex: 1
female, 10 male) were used as controls.

 

Immunocytochemical Analyses

 

As shown in Figure 1, immunocytochemistry with the anti-
CD20 antibody revealed significantly higher B-cell numbers
in the sinus mucosa of ACS subjects (mean count 

 

5

 

 5.5 

 

6

 

0.8 positive cells/field) compared with NCS patients (mean
count 

 

5

 

 3.0 

 

6

 

 0.5 positive cells/field, 

 

P

 

 

 

,

 

 0.05) and control
subjects (mean count 

 

5

 

 1.8 

 

6

 

 0.4 positive cells/field, 

 

P

 

 

 

,

 

0.01). CD20 immunoreactivity did not differ significantly
between the NCS and the normal control subjects.

 

Detection of C

 

«

 

 and I

 

«

 

 transcripts by

 

In Situ

 

 Hybridization

 

The density of cells expressing C

 

«

 

 transcripts was signifi-
cantly higher in biopsy sections from ACS subjects (mean
count 

 

5

 

 5.9 6 0.4 positive cells/field) than in NCS patients
(mean count 5 2.4 6 0.4 positive cells/field, P , 0.001)
and normal control subjects (mean count 5 0.5 6 0.2
positive cells/field, P , 0.001; Figure 2A). C« transcript-

Figure 1. CD20 immunoreactivity assessed by the APAAP tech-
nique using anti-CD20 monoclonal antibodies in mucosal sinus
biopsy sections from NCS, ACS, and normal control subjects
(filled circles). Open circles with error bars indicate mean values 6
SEM. *P , 0.05.
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expressing cells were also increased in NCS compared
with normal, non-atopic subjects (P , 0.05).

Similarly, the numbers of cells expressing I« transcripts
were markedly increased in the sinus mucosa of ACS pa-
tients (mean count 5 4.4 6 0.3 positive cells/field) com-
pared with NCS patients (mean count 5 0.9 6 0.3 positive
cells/field, P , 0.001) and normal subjects (mean count 5
0 6 0 positive cells/field, P , 0.001; Figure 2B). There was
no significant difference in the density of cells expressing
I« transcripts between NCS patients and normal control
subjects, however.

In contrast to C« and I« RNA, the numbers of cells ex-
pressing Cg transcripts were not significantly different be-
tween ACS, NCS, and normal control subjects (P . 0.05).
Combined in situ hybridization–immunocytochemistry stud-
ies were performed on sinus biopsy sections from three
ACS patients to confirm that B cells were the prominent
source of C« and I« RNA. Over 90% of the C« RNA posi-
tive cells (92%, 95%, 100%) were CD20-positive. In all
cases, 100% of the I« transcripts co-localized to CD20-pos-
itive cells.

Discussion
The possibility of local IgE production in chronic sinusitis
has been suggested before. For example, elevated specific
IgE in polyp fluid (15, 16) and tissue (17) were demon-
strated in the absence of increased serum-specific IgE.
Huggins and Brostoff (18) detected specific IgE in nasal
secretions of patients clinically sensitive to D. pteronyssi-
nus. These patients exhibited negative skin-test reactions
but positive nasal provocation. It was concluded that local
IgE production may occur in allergic disease and could be
important in eliciting symptoms without being detected
systemically in either serum or skin. The work of Naka-
jima and colleagues (19) examined IgE in the nasal wash-
ings of allergic subjects. Unlike IgA, the ratio of IgE to to-
tal protein in nasal washings was lower than in the serum.

However, compared with the nonsecretory protein albu-
min, IgE proportions in nasal secretions were greater than
predicted by passive diffusion from the blood. These au-
thors suggested that IgE is produced locally and, rather
than accumulating in nasal secretions, most of this anti-
body diffuses into the blood to elevate serum levels.

From the perspective of local IgE production, these and
other early studies may have been limited partly by the
presence of inflammatory cells bearing IgE receptors
(Fc«RI, CD23/Fc«RII, Gal3/Mac2) (20–22). In immuno-
histochemical analyses, IgE receptor-positive cells make it
difficult to differentiate IgE-producing cells from cells ex-
pressing immunoreactivity for IgE due to receptor-bound
antibody. In studies examining polyp fluid and secretions,
IgE concentrations could be affected by inflammatory
cells sequestering IgE in the tissue via Fc receptors. Our
study is the first to examine IgE heavy chain expression at
the RNA level in sinus tissue. This approach provides a
means for identifying putative IgE-switching and -produc-
ing cells in the absence of background from IgE receptor-
positive cells.

In the present report, we have shown an increased den-
sity of B lymphocytes, I« RNA-positive cells, and cells ex-
pressing C« transcripts in mucosal sinus biopsies of ACS
patients compared with NCS and normal control subjects.
In contrast, Cg RNA expression did not differ between the
groups. The latter indicates selectivity for IgE in ACS and
confirms that increases in C« and I« in these patients were
not simply due to higher B-cell numbers. Together, our re-
sults support a role for local IgE switch recombination and
production in the pathogenesis of ACS.

The enhanced expression of IL-4 and IL-13 has been
shown in ACS, whereas only IL-13 was elevated in NCS
(3). The increased expression of I« RNA observed in ACS
is in agreement with evidence that IL-4 and IL-13 induce
the production of « germline gene transcripts and stimu-
late immunoglobulin isotype switching to IgE in vitro. In
contrast, interferon-g (IFN-g) has an inhibitory effect on

Figure 2. Results of in situ hybrid-
ization of sinus biopsy sections
from NCS, ACS, and normal con-
trol subjects with antisense, radio-
labeled riboprobes complemen-
tary to (A) C« RNA and (B) I«
RNA. Filled circles represent indi-
vidual subjects, and open circles
with error bars denote mean val-
ues 6 SEM. *P , 0.05.



710 AMERICAN JOURNAL OF RESPIRATORY CELL AND MOLECULAR BIOLOGY VOL. 18 1998

IgE class switching through the repression of transcription
from I« (4). Consistent with the prominent expression of
IFN-g in NCS, the density of I« RNA-positive cells did not
differ significantly between NCS and normal control sub-
jects (23).

In the absence of significant increases in I« RNA-posi-
tive cells, we have demonstrated augmented C« transcript
expression in NCS compared to normal control subjects.
This indicates the presence of B cells already switched to
IgE production in the sinus mucosa of NCS patients. A re-
cent meta-analysis found that 19% of patients with no sys-
temic allergy manifested nasal mucosal allergy as deter-
mined by specific IgE (24). This raises the possibility that
some patients found to be nonallergic by skin tests may ac-
tually have allergy confined to the mucosal lining of the
upper respiratory tract. Such a conclusion is tentative but
it may explain the overlap observed between some NCS
and ACS patients with respect to CD20 immunoreactivity,
C« RNA expression, and expression of I« transcripts. In-
deed, although I« RNA expression in NCS patients did not
differ significantly from normal control subjects, 8 of 12
NCS biopsies exhibited positive hybridization signals
whereas none of the samples from the normal controls did.

Other studies have shown that some nasal polyposis pa-
tients defined as nonallergic on the basis of allergen skin-
test results may have IgE specific for bacterial antigens
which are not routinely tested for (25). Alternatively, tran-
sient local expression of IgE may be a feature of resident
B cells in sinus mucosal inflammation regardless of allergic
status or cytokine profile. Reports examining nasal polyps
(15, 26, 27), polyp fluid (17, 27, 28), and nasal secretions
(27) have also detected IgE protein in both allergic and
nonallergic patients. At the level of local cytokines, the
significant increase of C« and the trend for an increase in
I« RNA-positive cells could be related to the enhanced ex-
pression of IL-13 in NCS versus normal control subjects
(3). Our results suggest that sinus mucosal IgE production
in NCS patients is significantly less than in ACS, and that
class switching to IgE does not occur to the same extent in
the local microenvironment of the former.

The basis for increased B-cell numbers in ACS com-
pared with NCS and normal control subjects is unclear.
B cells express very late antigen (VLA)-4, the counterli-
gand for vascular cell adhesion molecule (VCAM)-1 (29).
In chronic hyperplastic sinusitis with nasal polyposis, we
have recently shown increased expression of VCAM-1 in
allergic and nonallergic patients compared with normal,
healthy subjects (30). However, contrary to our present
findings of increased B-cell numbers in ACS versus NCS,
the intensity of VCAM-1 expression was significantly greater
in nonallergic versus allergic subjects. This might be attrib-
uted to differences between polyps and sinus tissue, but it
is also possible that adhesion molecules other than the
VCAM-1/VLA-4 pathways are involved in the recruit-
ment of B cells to the sinus mucosa.

The results of this study indicate that therapies directed
toward decreasing local IgE switch recombination may be
effective in patients with ACS. We have previously shown
that topical corticosteroid treatment is associated with a
decrease in the density of cells expressing IL-4 and IL-13
mRNA in ACS (3). Whether these decreases are paral-

leled by an attenuation of I« and C« RNA expression re-
mains to be determined. In addition to IL-4 or IL-13, IgE
class switching requires the engagement of the CD40 mol-
ecule on the surface of B cells (4), suggesting that the
blockade of the CD40–CD40 ligand interaction may in-
hibit IgE production. Antagonists of IgE-mediated mast
cell degranulation may be of limited efficacy in the treat-
ment of established allergic diseases; recent studies have
shown that another major role of local IgE may be in the
processing of small concentrations of allergen for presen-
tation to T cells by B lymphocytes which bind IgE-allergen
complexes via the low-affinity IgE receptor, Fc«RII (31–
33).

In conclusion, this study demonstrates increased I«
transcripts, C« RNA expression, and B-cell numbers in the
sinus mucosa of ACS subjects compared with NCS and
normal control subjects. The numbers of cells expressing
C« transcripts were also increased in NCS patients over
normal control subjects. These results suggest that local
IgE switch recombination in the sinus mucosal microenvi-
ronment might contribute to the pathogenesis of ACS and
indicate that ACS and NCS are associated with enhanced
C« transcripts.
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