Clinical aspects of allergic disease

Nasal polyposis: Inmunohistochemistry and
bioelectrical findings (a hypothesis for the
development of nasal polyps)

Joel M. Bernstein, MD, PhD,? Janet Gorfien, MS,? Bernice Noble, PhD,* and
James R. Yankaskas, MD¢ Buffalo, N.Y., and Chapel Hill, N.C.

Nasal polyps and turbinates were obtained from individuals undergoing surgery for symptomatic nasal
obstruction caused by nonatopic rhinosinusitis or allergic rhinosinusitis. One part of the tissue from each
patient was fixed in neutral buffered formalin and prepared for study by histochemical and
immunohistochemical methods. Monoclonal antibodies were used to identify macrophages, lymphocytes,
and plasma cells. In most cases (12 of 16, 75%) the remainder of the polyp and turbinate samples was
treated with protease to achieve disaggregation of the epithelial cells. Those cells were cultured on
permeable collagen matrix supports. Transepithelial potential difference and resistance were measured
daily. At the time of maximal transepithelial potential difference, the epithelial cells were mounted in
modified Ussing chambers and exposed to a sodium-positive channel blocker (amiloride hydrochloride)
and to selected chloride-negative channel agonists (isoproterenol bitartrate and adenosine triphosphate).
Middle turbinates and polyps were found to have more macrophages, lymphocytes, plasma cells, HLA-
DR-positive cells, and eosinophils than the inferior turbinates. Epithelial cells obtained from polyps
exhibited higher transepithelial potential differences and equivalent short-circuit currents than turbinate
cell cultures. The responses to amiloride, isoproterenol, and adenosine triphosphate were also greater for
polyp than for turbinate cultures. A theory for the pathogenesis of nasal polyps is proposed. Local release
of inflammatory mediators could cause sodium absorption and chloride permeability to be higher in
polyps than in turbinate epithelia. Increased sodium absorption is consistent with the hypothesis that
epithelial fluid absorption contributes to the development of nasal polyps and is a result of the increased
recruitment of inflammatory cells, which are present in nasal polyps. (I Allergy Clin Immunol 1997;99:

165-75.)
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The exact pathogenesis of nasal polyps is unknown.
Several theories have been formulated over the last 20
years, which attribute nasal polyposis to a variety of
causes including allergy,’ genetic predisposition,?> auto-
nomic dysfunction of the blood vessels of the nasal
mucosa,’ and inflammation.”

In the last decade, cytokine production by inflamma-
tory and structural cells within nasal polyps has been
demonstrated.?'> These cytokines could recruit, acti-
vate, and prolong the survival of mononuclear and
polymorphonuclear inflammatory cells within the pol-
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Abbreviations used

Ieq:  Equivalent short-circuit current
R Transepithelial resistance
V. Transepithelial potential difference

yps. Similar mechanisms have been suggested to operate
in asthma and allergic rhinitis.

Previous reports from our laboratory have demon-
strated that defects in sodium ion flux may cause water
retention in nasal polyps both from patients with
cystic fibrosis and patients who do not have cystic
fibrosis.'® 17 We have proposed that the abnormal
concentrations of inflammatory mediators present in
nasal polyps might influence the function of both
sodium and chloride channels at the luminal surfaces of
the nasal epithelium and nasal polyps.'82° Modulation of
ion flux by inflammatory mediators could lead to water
retention and edema of the nasal mucosa and contribute to
the development of nasal polyps. In our previous reports,
however, we did not correlate the presence of inflamma-
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TABLE I. Mouse monoclonal antibodies used in this study
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Antigen Manufacturer Specificity Dilution
IgA, Sigma IgA, immunocytes 1:1600
IeGy Sigma IgG; immunocytes 1:100
IgG, Sigma IgG, immunocytes 1:100
IgG, Sigma IgG; immunocytes 1:800
IeG, Sigma IgG, immunocytes 1:200
IgA, Zymed IgA, immunocytes 1:200
IgD Dako Corp. IgD immunocytes 1:50
Secretory component Dako Corp. Free & bound secretory component 1:75
MAC 387 Dako Corp. Macrophage 1:800
CD 68 Dako Corp. Macrophage 1:800
IgM Dako Corp. IgM immunocytes 1:800
HLA-DR Dako Corp. Antigen-presenting cells 1:400
L 26 Dako Corp. B cells 1:400
TABLE Il. Criteria for scoring of METHODS
immunohistochemical observations Histologic and immunocytochemical studies
; . Tissue samples were obtained from 16 patients (8 female and 8
Region Score Description male), aged 16 to 74 years, (mean age, 44 years; SEM, 14), who
Epithelium 0 No stained cells underwent surgery for treatment of nasal polyps. Four patients
4 Some cells stained had IgE-mediated hypersensitivity diagnosed on the basis of at
a All cells stained least three positive skin test results for inhalant allergy; 12 were
Tat All cells very stained considered nonallergic. None had been using locally applied
Basement membrane 0 No deposits corticosteroids for at least 6 weeks before surgery.
+ Occasional deposits Biopsy specimens were taken from the medial aspect of the
i Moderate deposits middle turbinate and from the inferior turbinate about 1.5 cm
e Heavy deposits from its anterior tip. Polyps were tal_{en from the lateral wall of
Blood vessels 0 No transudate the nose, lateral to the middl.e turbinate. _
+ Some accumulation The specimens were fixed in 10% neutral buffered formalin
it Moderate accumulation for 24 to 48 hours., washed, processed through a series of gra-ded
o Heavy accumulation alcohols, cleared in toluene, and embedded in pargiﬁn. Sectlgns
Serous acinar cclls 0 No stained glands were cut at 4 um and dried in a 37‘? C oven overmght. Routine
L Some glands stained sta%nlng with hematoxylin and eosin, as wel.l as vital new red
i All glands stained stain,?! was done on all tissues for visualization of eosinop.hils.
- All glands very strongly The mouse monoclonal antibodies used for immunoh_lsto-
stained chemical staining in this study are listed in Table I. Tissue

tory cells with the changes in the bioelectrical parameters
of the nasal polyps or the corresponding inferior turbinate
mucosa. In this study we have asked whether the inflam-
matory cell population in polyps is different from that of
the inferior turbinates and whether the cells that are
recruited into the nasal polyp might affect local pathophys-
iology.

The purpose of this report is to present new infor-
mation on the distribution of lymphocytes and mac-
rophages in nasal polyps and middle and inferior
turbinates and to correlate bioelectrical events in vitro
with inflammatory phenomena. On the basis of this
new information and a review of the literature, a
hypothesis for the pathogenesis of nasal polyposis is
proposed.

sections were deparaffinized with xylene and rehydrated
through a series of graded alcohols to distilled water. When
necessary, the sections were treated with 0.1% trypsin (Sigma
Chemical Co.) in a 0.1% calcium chloride solution for 30
minutes at 37° C. Endogenous peroxidase activity was blocked
by treatment with a 0.05% 4-chloro-1-naphthol solution in 0.05
mol/L Tris-HCI buffer (pH 7.65) and 0.5% ethanol and 0.05%
H,0, for 15 minutes. Antigen retrieval was performed with a 10
mmol/L citrate buffer (pH 6.0) to determine whether antibody
staining could be enhanced. It was concluded that antigen
retrieval did not significantly change the staining patterns, and
for that reason, it was not routinely used except as noted in the
Results section.?? An Avidin-Biotin-Complex staining kit (Vec-
tor Laboratories, Burlingame, Calif.) was used for the remain-
der of the staining process. 3,3’-Diaminobenzidine tetrahydro-
chloride (Sigma Chemical Co.) was used for the final color
reaction, after which the sections were counterstained with
Mayer’s hematoxylin (Sigma Chemical Co.) for 1 to 2 minutes.
Human tonsil tissue served as a positive control. For negative
controls, the primary antibody was omitted.

Positively stained cells were counted separately in each of six
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TABLE lll. Immunoglobulin subclass localization
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Serous acinar Respiratory Basement Blood vessel
Antibody cells epithelial cells membrane deposits walls
IgG,
Inferior Turbinates ++ +++ + +++
Middle Turbinates ++ +4++ + +++
Polyps + +++ + ++
IgG,
Inferior Turbinates ++ +++ + +++
Middle Turbinates ++ +++ + +++
Polyps ++ +++ + +++
IgG;
Inferior Turbinates 0 0 + 0
Middle Turbinates 0 0 + +
Polyps 0 0 + +
1gG,
Inferior Turbinates 0 ++ (40%) 0 0
Middle Turbinates 0 ++ (40%) 0 0
Polys 0 ++ (60%) + 0
TgA,
Inferior Turbinates + (60%) + (20%) + (88%) + (40%)
Middle Turbinates + (50%) + (33%) + (83%) + (50%)
Polyps + (20%) +++ (20%) + (60%) + (50%)
IgA,
Inferior Turbinates + (70%) +++ (83%) + (66%) 0
Middle Turbinates + (66%) +++ (40%) + (50%) 0
Polyps + (100%) +++ (90%) + (30%) 0

Data in this table are mode scores. With most of the anti-immunoglobulin antibodies used in this study, staining patterns were similar in all biopsy
specimens. The data in this table represent the mode score (see Methods) for the extent of staining in each category. When presented without a
percentage in parentheses, that mode score was based on 100% of the biopsy specimens. In those instances in which positive staining for a particular
immunoglobulin subclass was noted in some but not all biopsy specimens, the percentage of positive biopsy specimens has been noted in parentheses.
The mode score reported in this table for those categories was based only on positive samples.

distinct histologic compartments: the respiratory epithelium,
the basement membrane, the lamina propria, the superficial
and deep glandular epithelium (serous and mucous), the peri-
glandular connective tissue, and the blood vessels. For each
compartment a minimum of 10 high-power fields (X400) were
counted. A semiquantitative scoring system used to record the
observations is listed in Table II. For the IgG and IgA sub-
classes in the three major tissue areas, the mode, or most
frequent score in each category has been reported here to
represent the best staining observed (Table III). When deep
glands were present in the biopsy specimen of the middle or
inferior turbinates, both the superficial and deep glands were
evaluated separately. Because no significant differences were
noted, observations of all serous acinar cells have been reported
together.

Measurement of bioelectrical properties of
cultured nasal polyp and turbinate epithelial cells

Bioelectric properties of cultured human nasal polyp and
turbinate epithelial cells were measured in specimens from 12
patients for whom immunohistologic studies had also been
performed.

Epithelial cells were isolated from polyp and inferior turbi-
nate samples by protease dispersion and cultured on permeable
collagen-matrix support dishes, as previously described.” After
the cells appeared confluent by phase-contrast microscopy,

transepithelial potential difference (V,) was measured daily by
using a high input impedance volt meter connecting the muco-
sal and submucosal solutions through sterile calomel half cells.
Transepithelial resistance (R,) was calculated from the change
in voltage induced by 500-millisecond constant current pulses
(generally 99 pA/cm?). Tissue was ohmic over the range of —40
to +40 mV. The equivalent short-circuit current (Ieq) was
calculated from V, and Ohm’s Law. The epithelial cell cultures
reached maximal V, 2 to 14 days after seeding (6.3 + 0.4 days,
n = 46). Within 2 days of reaching maximal V,, the cells were
transferred to Ussing chambers for evaluation of mediator
responses as described by Willumsen et al.* The mucosal and
submucosal surfaces of the cultures were bathed in Krebs-
Ringer bicarbonate buffer solutions, which had been warmed to
37°C and gassed with 95% O, and 5% CO,. The V, was
measured by a VCC 600 electrometer (Physiologic Instrument,
San Diego, Calif.) connected to the half chambers by calomel
electrodes and 3 mol/L KCl agar bridges. The V| was clamped
to 0 mV by passing current through Ag-AgCl electrodes and
Krebs-Ringer bicarbonate buffer agar bridges. The short-circuit
current was recorded, and the circuit was interrupted intermit-
tently to record V.. Ten to twenty minutes after mounting, 60 p.l
aliquots of 100X stocks of drugs were sequentially added to the
6 ml mucosal bath to achieve the following final concentrations:
amiloride 10~* mol/L, isoproterenol 10~> mol/L, and adenosine
triphosphate 10~ mol/L.
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FIG. 1. Section of inferior turbinate stained with hematoxylin and
eosin. Typical structure of the inferior turbinate is shown with
pseudostratified columnar ciliated epithelium and typical seromu-
cous glands. Note the large arterioles at the bottom of the
photograph. (Hematoxylin and eosin, xX100.)

FIG. 2. Photomicrograph of polyp arising from middle turbinate
mucosa. On the right are typical seromucous glands found in the
middle turbinate. Adjacent to these glands, on the left, are large
cystically dilated abnormal glands of a nasal polyp with tremen-
dously edematous stroma.

RESULTS
Conventional histologic examination

Inferior turbinates. As determined by conventional his-
tologic examination, the inferior turbinates contained
either stratified squamous epithelium or pseudostrati-
fied columnar ciliated epithelium, under which a thick-
ened basement membrane was noted in 70% of the
samples. Multiple seromucous glands, present in both
superficial and deep layers, were separated by large
venous sinusoids (Fig. 1).

Middle turbinates. The histologic appearance of the
middle turbinates was similar to that of the inferior
turbinates, but with more inflammatory cells. The mid-
dle turbinate contained pseudostratified columnar cili-
ated epithelium, a classical respiratory epithelium.

Nasal polyps. The histologic appearance of nasal pol-
yps varied, from extremely edematous tissue with very
few glands, to tissue that had scattered glands. The
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FIG. 3. Periglandular distribution of cells in different locations of
nasal mucosa involving IgG subclasses (A, IgG4; B, 1gG,; C, 1gG3;
D, 19G,). The graphs represent a semiquantitative distribution of
immunocytes in the inferior turbinate, middle turbinate, and
polyp and demonstrate the number of cells per high-power field
related to the percentage of total high-power fields. In general,
there are more IgGj, cells and 1gG,-positive cells in polyps than in
inferior turbinates. HPF, High-power fields.

unique features of the polyps were: (1) an irregularity of
the structure of the cystically dilated glands, (2) a virtual
absence of the true seromucous glands as found in the
inferior and middle turbinates, and most importantly,
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FIG. 4. Periglandular distribution of IgA, (A) and IgA, (B} subtypes in the inferior turbinate, middle turbinate,
and nasal polyps. Many more IgA-positive plasma cells are present in middle turbinates and polyps compared

with inferior turbinates. HPF, High-power fields.

(3) a large accumulation of inflammatory cells, particu-
larly eosinophils (Fig. 2).

Immunohistologic examination of inferior
turbinates

IsG. 1gG, and IgG, were present in respiratory epi-
thelial cells, acinar cells of the seromucous glands, and
blood vessel walls (Table III). IgG,- and IgG,-positive
plasma cells were observed in low frequency in periglan-
dular regions (Fig. 3, A and B). Accumulation of IgG,
and IgG, was, for the most part, minimal or absent
except that: (1) IgG, was noted in the respiratory
epithelium of many samples, and (2) IgGj-positive

plasma cells were as frequent as IgG, and IgG, in the
periglandular region.

IgA. TgA,| and IgA, were readily detected in respira-
tory epithelial cells of the inferior turbinates; staining for
IgA, was more intense and more frequent than that for
IgA, (Table III). IgA,-positive plasma cells were ob-
served much more frequently than IgG plasma cells
around the seromucous glands (Fig. 4, A and B). The
total number of cells positive for IgA,; and IgA,, evalu-
ated with subset-specific antibodies, was equal to the
number stained with a pan IgA antibody. IgA,-staining
immunocytes, however, were much more common in the
periglandular areas (Fig. 5).
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FIG. 5. Distribution of IgA, in the inferior turbinates. There are
significant numbers of IgA,-positive plasma cells surrounding the
serous glands in the lamina propria of the inferior turbinate.
(Immunoperoxidase, X200.)

IgM and IgD. Blood vessel walls of the inferior turbi-
nates were frequently positive for IgM. IgM- and IgD-
positive plasma cells were sparsely scattered throughout
the lamina propria. A low frequency (less than 10 per
high-power field) of IgD plasma cells was also observed
in the periglandular regions.

Secretory component. Cells of the respiratory epithe-
lium and acini of the seromucous glands were intensely
stained with antibody to secretory component (Fig. 6).

B cells. L26-positive B cells, sparsely scattered (less
than 10 per high-power field) in the lamina propria, were
absent in periglandular regions.

Macrophages. The lamina propria of the inferior tur-
binates contained low numbers of macrophages (less
than 10 per high-power field) (Fig. 7, 4).

HLA-DR (Class II). Cells of the respiratory epithe-
lium and serous acini did not express Class II antigens.
HILA-DR-positive mononuclear cells found in connec-
tive tissue surrounding the glands were few in number
(Fig. 7, B). Even with antigen retrieval methods, cells of
the respiratory epithelium did not stain with antibodies
to HLA-DR. The number of positive mononuclear cells
in periglandular areas and in the lamina propria was not
significantly increased by antigen retrieval.

FEosinophils. Rare in the inferior turbinates, eosino-
phils were limited to the lamina propria.

Middle turbinates

IgG. The IgG distribution in middle turbinates was
very similar to that in the inferior turbinates, although
IgG, and IgG, plasma cells were slightly more frequent
(Fig. 3, B and D).

IgA. Staining for IgA in the middle turbinates was also
similar to that for the inferior turbinates, except in the
periglandular regions (Fig. 4, A and B). Both IgA;- and
IgA,-positive plasma cells were detected with greater fre-
quency in the middle turbinates than in the inferior turbi-
nates, with IgA-positive immunocytes predominating.

J ALLERGY CLIN IMMUNOL
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FIG. 6. Distribution of secretory component in inferior turbinate
showing dense accumulation of stain in epithelial cells of the
surface and acinar cells of the superficial glands. (Immunoperox-
idase, x200.)

IsM and IgD. IgM-positive cells were increased in
number in interepithelial sites of middle turbinates
compared with inferior turbinates. Otherwise, patterns
of IgM and IgD positivity were similar in middle and
inferior turbinates.

Secretory component. The distribution in middle turbi-
nates was not different from that in inferior turbinates.

B cells. The distribution of B cells in the middle
turbinates was similar to that of the inferior turbi-
nates.

Macrophages. Macrophages were more frequent in
the middle turbinate tissue samples than in inferior turbi-
nates, especially in connective tissue, interepithelial sites,
and periglandular areas (Fig. 7, A).

HLA-DR The distribution of HLA-DR—positive cells
in the middle turbinates was similar to that in the inferior
turbinates, but HLA-DR—positive cells were more numer-
ous in the lamina propria below the respiratory epithelium
and in the periglandular sites (Fig. 7, B).

Eosinophils. Eosinophils were more frequent than in
the inferior turbinates, although no high-power field had
more than 50 cells (Fig. 8).
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FIG. 7. A, Periglandular distribution of MAC 387 cells in the inferior turbinate, middle turbinate, and nasal
polyps. There are greater numbers of macrophages in the inferior turbinate and the polyps than in the inferior
turbinate. B, Periglandular distribution of HLA-DR in the inferior turbinate, middle turbinate, and nasal polyp.
Only in the middle turbinate and nasal polyp are significant numbers of HLA-DR cells distributed. HPF,

High-power fields.

Nasal polyps

IgG. The distribution pattern of IgG in polyps was
similar to that in the turbinates, although plasma cell
numbers were higher in periglandular regions (Fig. 3,
A-D).

IgA. Nasal polyps contained more IgA plasma cells
than either middle or inferior turbinates, with IgA;
predominating (Fig. 4, 4 and B).

IgM and IgD. The distribution of IgM and IgD in polyps
was essentially indistinguishable from that in middle turbi-
nates; a slight increase of IgM plasma cells was detected in
the lamina propria and periglandular sites.

Secretory component. Secretory component was de-
tected in acinar cells and in the respiratory epithelium
of nasal polyps. A pattern similar to that observed in
middle turbinates occurred except that the epithelium
was much less intensely stained in polyps (Fig. 9).

B cells. The distribution and frequency of B cells in
polyps was similar to that in the middle turbinate.

Macrophages. Macrophages were more frequent in
interepithelial sites in the polyps than in the turbi-
nates (Fig. 10). Especially striking was margination
within the blood vessels of MAC387-positive mono-
cytes (Fig. 11).
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FIG. 8. Connective tissue distribution of eosinophils in nasal
mucosa. A marked increase in eosinophils is present in nasal
polyps compared with both the middle and inferior turbinates.
HPF, High-power fields.

FIG. 9. Distribution of secretory component in a nasal polyp.
There is a decrease of secretory component in the epithelial cells
of this polyp. {Immunoperoxidase, x200.)

FIG. 10. MAC 387 staining for rmacrophages in the nasal polyp
showing significant staining of interepithelial cells, as well as in
the lamina propria. {Immunoperoxidase, X200.)

HILA-DR. The distribution of HLA-DR—positive cells
in the polyps was similar to that in the middle turbinates.
The periglandular distribution of HLA-DR-positive
cells is summarized in Fig. 7, B.

J ALLERGY CLIN IMMUNOL
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FIG. 11. MAC 387 staining in a nasal polyp showing significant
margination of monocytes in blood vessels. (Immunoperoxidase,
X 400.)

TABLE IV. Maximal bioelectric properties of
cultured human nasal polyp and turbinate
epithelial cells

v, R, Lo

n (mv) (Q/em?) (nA/em?)

Polyp 37 -—112=x15 243+15 43642
(12 patients)

Turbinate 9 —53+14 18724 28557

(7 patients)

Eosinophils. Large numbers of eosinophils were
found in polyps, and extensive degranulation was a
common observation (Figs. 8 and 12).

Bioelectric properties of cultured polyp and
turbinate epithelial cells

Most polyp specimens produced epithelial cell cul-
tures with measurable and significant bioelectric prop-
erties (i.e., R, > 90 w/cm?). The cell yield from turbinate
specimens was about 30% lower, and the number of
individual cultures that developed a significant R, was
also lower. The maximal V,, R,, and Ieq values of these
cultures (Table IV) are comparable to those previously
reported.!” The most striking observation was the in-
creased V, and Ieq in polyp cells, as compared with
turbinate cells.

To evaluate the regulatory pathways for jon transport,
specimens were evaluated in Ussing chambers in basal
conditions and during exposure to selected chemicals.
The overall results are summarized in Table V. The R,
of three turbinate cultures was lower than that of the
polyp samples and the overall turbinate sample (Table
IV), probably reflecting sample variation. The short-
circuit current was significantly decreased by amiloride
and was increased by both isoproterenol and adenosine
triphosphate. Turbinate cultures had similar but smaller
responses (Table V).
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FIG. 12. Distribution of eosinophils in the lamina propria of the nasal polyp indicated with vital new red stain
(x400). There are many degranulated eosinophils in the lamina propria.
TABLE V. Bioelectric properties of cultured human nasal polyp and turbinate epithelial cells
Polyps {n = 21) Turbinates {(n = 3)
vt RQ l-q vt Rt IGq
(mV) (Q/em?) (pA/cm?) (mV) (2/em?) {nA/cm?)
Basal -78=*x12 173 £ 16 441+ 6.2 -24=10 103 £ 17 208 * 6.6
Amiloride (10™* mol/L) —4.0 = 0.5* 208 = 20* 20.6 = 2.0* -11=x03 104 = 15 104 =15
Isoproterenol (1073 mol/L) —43 + 0.5 194 = 15 22.8 £ 2.2*% -13=04 100 = 16 12729
ATP (10‘4 mol/L) —-6.7 = 1.1* 142 = 13* 64.0 = 11.4* —-17*+18 77 £ 15 306 £ 11.1

Values are expressed as means = SEM.
ATP, Adenosine triphosphate.
*Significant change from preceding value, p < 0.01, paired ¢ test.

DISCUSSION

Numerous hypotheses have been formulated to ex-
plain the cause of nasal polyps. Although theories
involving dysfunction of the autonomic nervous system
of the nose® and abnormalities of carbohydrate metab-
olism? and vasomotor imbalance?s have been suggested,
the two most plausible, widely discussed theories involve
allergy! and inflammation.” Mechanisms other than al-
lergy, however, appear to be involved in the accumula-
tion of inflammatory cells in nasal polyps because of the
observed increase in the number of mucosal mast cells in
the nasal turbinate epithelium of patients with polyps
who do not have IgE-mediated hypersensitivity?® and

because of the epidemiologic data, which strongly sug-
gest that nasal polyposis occurs more commonly in
nonatopic patients than in atopic patients.?’

This study confirms and extends the observations of
Tos et al.,,”® who demonstrated that polyps differ from
normal mucosa in lacking seromucous glands and in
possessing cystically dilated degenerated glands contain-
ing inspissated mucus. Furthermore, the predominant
inflammatory cell in the nasal polyp is the eosinophil.
The data from this study demonstrate a progressive
increase in the number of mononuclear cells, antigen-
presenting cells, and plasma cells, ascending in the nose
from the inferior turbinate to the middle turbinate. Our
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observations are similar to those of Stoop et al.,? 3 who
also suggested that local immunologic and inflammatory
processes may play a prominent role in the development
of nasal polyps. In their studies eosinophil infiltration
was a striking feature of many nasal polyps; eosinophils
were significantly more numerous in nasal polyps than in
the mucosa of middle and inferior turbinates. Stoop et
al.?*-3% have also identified an abundance of HLA-DR-
positive cells in the stroma and epithelial regions of
nasal polyps and middle turbinates compared with infe-
rior turbinates. Our observations, in agreement with
those of Stoop et al.,?3® also indicate that HLA-DR
cells are more prominent in the lamina propria of nasal
polyps than in the inferior turbinate mucosa, although
we could not confirm the presence of HLA-DR-positive
cells in the epithelia of either the middle turbinates or
nasal polyps.

This study also corroborates the elegant findings of
Bjerke and Brandtzaeg® and Brandtzaeg.*?> We ob-
served a slightly higher frequency of IgA,-positive im-
munocytes in our patients than has been described by
Bjerke and Brandtzaeg, although IgA,-positive cells
were by far more common, as has been shown. Intracel-
lular IgA, may have been especially well preserved in the
plasma cell cytoplasm of the formalin-fixed tissues that
were used for our studies. In the tonsil tissue that served
as controls, the distribution and frequency of IgA, and
IgA,-positive cells were identical to those of previous
reports,>? confirming the validity of reagents and tissue-
processing protocols used in the study. Secretory com-
ponent was not observed exactly in the same intracellu-
lar distribution as IgA,.

The molecular biologic mechanisms by which macro-
phages, eosinophils, and lymphocytes are increased in
nasal polyps are not known. However, Denberg et al. 3
have emphasized the importance of microenvironmental
influences on airway inflammation. The investigations
described here support the idea that inflammation is an
important factor in the development of nasal polyposis.
The number of macrophages, plasma cells, eosinophils,
and basophils in nasal polyps is elevated compared with
inferior turbinates. Those inflammatory cells increase
the potential for immunologic reactivity in polyps com-
pared with turbinates. Cytokines and growth factors
released from structural cells of the nasal epithelium
might also recruit inflammatory cells into the nasal
polyp, although the precise order and sequence of
inflammatory cell interactions in the development of
nasal polyposis is not yet understood.

The data from our study suggest that nasal polyp
epithelial cells have a normal luminal chloride channel,
because isoproterenol, a drug that increases cyclic aden-
osine monophosphate and activates protein kinase A,
increased chloride permeability (Table V). However,
amiloride caused a greater decrease in sodium absorp-
tion in nasal polyp cells than in cells from inferior
turbinate mucosa. Amiloride is a specific blocker of the
luminal sodium channel and decreases the basal voltage,
as well as basal equivalent current. These findings indi-
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cate that sodium absorption may be increased in nasal
polyps. The mediators released by inflammatory cells in
nasal polyps could influence sodium absorption. In-
creased sodium absorption could iead to water retention
in the epithelium and the lamina propria of polyps. The
success of glucocorticoid treatment of nasal polyps may
result, at least in part, from the inhibition of local
cytokine secretion in nasal polyps.*?

Despite the fact that surgery can relieve nasal obstruc-
tion, there is a very high recurrence rate of polypoid
mucous membrane in patients, particularly in patients
with the triad of aspirin intolerance, chronic sinusitis,
and bronchial asthma.* Polyp recurrence may be under
genetic control.’

On the basis of the information presented in this
study, we propose a multivariate theory for the patho-
genesis of nasal polyps. Turbulent flow of air in the
lateral wall of the nose or viral-bacterial-host interac-
tions could produce inflammatory changes in the lateral
wall of the nose.* Ulceration and prolapse of the
submucosa with re-epithelialization and new gland for-
mation may occur (theory of Tos et al.8). The structural
cells of the nasal polyp (including epithelial cells, vascu-
lar endothelial cells, and fibroblasts) all have the ability
to produce messenger RNA for granulocyte-monocyte
colony-stimulating factor,!* which could represent a
major amplification pathway of the inflammatory re-
sponse. This microenvironmental structural inflamma-
tory response in the nasal polyp in turn can affect the
bioelectrical integrity of the sodium and chloride chan-
nels at the luminal surface of the respiratory epithelial
cell. The change in the sodium absorption, which has
been demonstrated in this study, may result in an
increased movement of water into the cell and into the
interstitial fluid. The resultant edema can lead to en-
largement of the nasal polyp. Finally, the rapid recur-
rence of nasal polyps, despite adequate surgery, may
reflect some intrinsic phenotypic characteristic of nasal
epithelial cells in the lateral wall of the nose, which is
likely to be under genetic control. The complex interac-
tion of inflammatory mediators on nasal luminal epithe-
lial cells has an effect on sodium absorption and chloride
permeability. These events may result in recurrent de-
velopment of edematous mucosal disease of the lateral
wall of the nose, namely recurrent nasal polyposis.

We would like to acknowledge the Histology Laboratory,
Department of Pathology, State University of New York at
Buffalo for their technical assistance.
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