IL-5 synthesis is upregulated in human nasal
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Background: In most nasal polyps, tissue eosinophilia is a
striking finding, the pathologic mechanism of which is not
understood.

Objective: This study was performed to investigate a possibly
distinct cytokine and chemokine pattern that could explain
the characteristic tissue eosinophilia in nasal polyps.
Methods: Polyps from 23 patients and turbinate tissue from
18 control subjects were investigated. The cytokine protein
content (IL-1B, IL-3, IL-4, IL-5, IL-6, IL-8, IL-10, tumor ne-
crosis factor-o, granulocyte-macrophage colony-stimulating
factor, IL-1RA, RANTES, GRO-«) of tissue homogenates was
measured by ELISA. Immunohistochemistry was performed
in selected samples to detéct IL-5+, major basic protein-pos-
itive, and EG2* cells.

Results: IL-5 was detectable in only one sample of tissue
from 18 control subjects but was found in 18 of 23 nasal pol-
yps. Immunohistochemistry revealed an abundant number of
IL-5* cells, of which 69.5% could be identified as eosinophils
by morpholegy. IL-6, IL-8, IL-10, tumor necrosis factor-a,
GRO-q, and RANTES were detected in all specimens, with-
out significant differences between groups (p = 0.05),
whereas significantly higher concentrations of IL-18 and IL-
1RA were found in turbinate mucosa (p < 0.05). IL-3 was
not detectable; granulocyte-macrophage colony-stimulating
factor could only occasionally be found.

Conclusion: This study indicates that IL-5 plays a key role in
the. pathophysiology of eosinophilic nasal polyps and may be
produced by eosinophils. (J Allergy Clin Immunol 1997;99:
837-42.)
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Nasal polyps are transparent, pale grey protrusions of
the nasal and paranasal sinus mucosa, which prolapse
into the nasal cavity. The prevalence of this disease has
been estimated to be about 4% in the general popula-
tion.! Nasal polyposis is believed to be a multifactorial
disease that is frequently associated with asthma and
other respiratory diseases such as cystic fibrosis, primary
ciliary dyskinesia, and aspirin sensitivity. The cause and
pathologic mechanism of this disease are so far ill-
defined.? Numerous hypotheses concerning the patho-
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Abbreviations used
GM-CSF:  Granulocyte-macrophage colony-stimulat-
ing factor
RA: Receptor antagonist
TNF-a:  Tumor necrosis factor-a

genesis of edsinophilic nasal polyps range from chronic
infections, inhalant or food allergies, and T-cell distur-
bances to aerodyniamic factors.?

Histologic studies to elicit type and morphology of the
infiltrating cells have shown that about 80% to 90% of
the polyps are characterized by abundant eosinophils,
which are partially EG2* (activated).* Other cells, such
as CD8* T cells and mast cells, are also regularly found
in the polyp tissue and may contribute to the pathophys-
iology.

Recently, in situ hybridization techniques allowed the
identification and localization of messenger RNA of
cytokines, chemokines, and growth factors, which could
be involved in the formation of nasal polyps. These
studies have shown that mRNA for granulocyte-mac-
rophage colony-stimulating factor (GM-CSF), IL-3, tu-
mor necrosis factor-a. (TNF-a), macrophage inflamima-
tory protein-1a, IL-1, and transforming growth factor-g
can be detected in nasal polyps. IL-5 mRNA was only
found in low quantities.>®

After performing a pilot study,'¢ we investigated the
protein concentrations of various cytokines and chermo-
kines in homogenized nasal polyps and compared them
with turbinate nasal mucosa of control subjects. Further-
more, we used immunohistochemistry to detect and
identify IL-5 protein—positive cells.

METHODS
Subjects

Twenty-three subjects (7 women and 16 men; mean age, 43.9
years) with polyps and 18 control subjects (9 women and 9 men;
mean age, 36.0 years) were studied. Nasal polyp samiples were
obtained during routine endonasal surgery. Nasal mucosal
biopsy specimens from the ‘inferior turbinates of 18 patients,
who underwent surgical procedures because of septal devia-
tions, were used as controls. The distribution of the underlying
diseases (allergy, bronchial asthma, and aspirin sensitivity) is
showr in Fig. 1. Subjécts were identified as allergic by means of
history, skin prick test results, and specific IgE levels. Aspirin
sensitivity and asthmatic disease were diagnosed from patients’
history and results of prior diagnostic procedures.

None of the subjects had received systemic or topical steroids
for at least 4 weeks. Informed consent was obtained from all the

837



838 Bachert et al.

J ALLERGY CLIN IMMUNOL
JUNE 1997

FIG. 1. Distribution of underlying diseases in patients with polyps {A) and control subjects (B).

subjects, and the study was approved by the ethics committee of
the University of Diisseldorf.

Histology and immunohistochemistry

A part of each sample was fixed in 10% buffered neutral
formalin, processed routinely, and embedded in paraffin wax.
Fresh sections were cut at 5 wm and stained with Pappenheim’s
stain to detect eosinophils. Selected slides were stained with the
monoclonal antibodies EG2 {Pharmacia, Uppsala, Sweden;
clone EG2; concentration: 0.2 p.g/ml), major basic protein (Cell
Systems, Remagen, Germany; clone MON 6008; concentration:
1 pg/ml), and IL-5 (gift from Glaxo, UK; clone MAR7;
concentration: 28.5 ug/ml) by using the alkaline phosphatase—
anti-alkaline phosphatase technique as detailed elsewhere.!% 12

Preparation of fluids for ELISA

Biopsy specimens were weighed, chopped into small pieces,
transferred into 5 ml of a 0.9% sodium chioride solution, and
homogenized for 5 minutes at 1000 rpm on ice. Suspensions were
centrifuged at 4° C at 3000 rpm for 10 minutes, and supernatants
were stored in aliquots of 250 ul at —80° C for later experiments.

The total protein concentration was measured by the method
of Biuret in a Protein Assay Reagent Kit (Pierce Chemical Co.,
Rockford, 1I1.). Mean total protein concentrations (per 0.1 gm
of tissue) were 514.62 = 55.27 pg/ml in polyp tissue and
669.43 + 35.25 pg/ml in nasal mucosa. Because there was a

significant difference between these groups (p = 0.049), reflect-
ing the edematous nature of nasal polyps, we decided to
normalize cytokine concentrations for this parameter. The
cytokine concentrations are given in picograms per milligram of
total protein.

The cytokine concentrations were measured by using com-
mercially available ELISA kits (R&D Systems, Inc., Minneap-
olis, Minn.). Standard curves were prepared according to the
manufacturer’s instructions. The specific sensitivities of the
ELISA kits were IL-18: 0.125 pg/ml; 11.-6: 0.156 pg/m}; TNF-o:
0.5 pg/ml; IL-4: 1.5 pg/ml; IL-5, GM-CSF: 7.8 pg/ml; 1L-10: 10.0
pg/ml; IL-1RA, IL-3, IL-8, RANTES, GRO-a: 31.3 pg/ml.

Statistics

The data in the text and figures are expressed as mediarns and
ranges. All datd were analyzed nonparametrically with the
Mann-Whitney U test. Significance was accepted for p < 0.05
(two-tailed).

RESULTS
IL-5 protein concentrations

IL-5 was detected in 18 of 23 nasal polyps but in only
one of 18 turbinate samples. The median concentration
in the polyp group was 11.45 pg/mg (Fig. 2, A).

Within the group of polyp samples, we tested for
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FIG. 2. Comparison of concentration of cytokines (A) and chemokines (B) from nasal polyps {(n = 23) and
turbinate nasal mucosa (n = 18) measured by ELISA. Values are expressed as medians and 10th, 25th, 50th,
75th, and 90th percentiles. Stated p values are based on Mann-Whitney U test.

differences of IL-5 protein concentrations in patients
with different underlying diseases. We found no signifi-
cant difference between polyps from allergic (11.96
pg/mg) and nonallergic patients (10.73 pg/mg, p = 0.54)
(Fig. 3). Although they did not reach statistical signifi-
cance, IL-5 concentrations were higher in aspirin-sensi-
tive patients (19.24 pg/mg) than in nonsensitive patients
(7.57 pg/mg, p = 0.10). However, IL-5 concentrations in
polyps from patients with asthma (19.23 pg/mg) were
significantly higher than those from nonasthmatic sub-
jects (5.26 pg/mg, p = 0.037).

Histology and immunohistochemistry

In polyp tissue samples we found moderate to severe
eosinophilia, whereas in normal nasal mucosa samples,

eosinophils were only occasionally observed (Pappen-
heim’s stain).

Three selected polyp specimens showed abundant
numbers of eosinophils and major basic protein—positive
and EG2™" cells. Fifty-four percent of the eosinophils
(identified by morphologic criteria) were IL-5*, and
46% were negative for IL-5 as determined by staining

(Fig. 4).

Protein concentrations of cytokines and
chemokines

The concentrations of IL-1B, IL-1RA, IL-5, IL-6,
IL-8, IL-10, TNF-a, GRO-a, and RANTES are shown in
Fig. 2. IL-3 was not detectable in both groups; GM-CSF
could only be found in one mucosa sample and three
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FIG. 3. Comparison of IL-5 concentrations in nasal polyps be-
tween allergic (n = 11) and nonallergic patients (n = 12), aspirin-
sensitive (n = 7) and nonsensitive patients (n = 16}, and asthmatic
(n = 9) and nonasthmatic patients (n = 14). Values are expressed
as medians and 10th, 25th, 50th, 75th, and 90th percentiles. Stated
p values are based on Mann-Whitney U test. ASA, Acetyl salicylic
acid.

polyp samples in concentrations close to the limit of
detection. IL-4 was not found in either turbinate nasal
mucosa or nasal polyps.

Compared with turbinate nasal mucosa, the concen-
trations of IL-1B and IL-1RA in nasal polyps were
significantly lower. No significant differences were ob-
served for TNF-o, 1L-6, IL-8, IL-10, RANTES, and
GRO-a.

DISCUSSION

In this study we demonstrated that IL-5 protein can be
detected in most of the eosinophilic polyp samples but
not in turbinate nasal mucosa. The IL-5 concentration
was significantly increased in polyp tissue compared with
turbinate mucosa, whereas IL-3 and GM-CSF were not
or only occasionally detectable in both groups. Immu-
nohistochemically, a large proportion of eosinophils
were IL-57 cells.

For IL-6, TNF-a, IL-8, IL-10, and the chemokines
RANTES and GRO-a, we could not find significant
differences between the groups. [L-18 and IL-1RA were
significantly decreased in polyps in comparison with
turbinate mucosa.

From clinical experience, nasal polyps are associated
with different airway diseases such as cystic fibrosis,
primary ciliary dyskinesia, asthma, aspirin sensitivity,
and allergic fungal sinusitis.>3 Tissue neutrophilia is
found in polyps from patients with cystic fibrosis and
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antrochoanal polyps, whereas eosinophilia is character-
istic for polyps in patients with asthma and aspirin
sensitivity. These associations suggest heterogeneous
pathologic mechanisms, even in the subgroup of eosin-
ophilic polyps that represent 80% to 90% of all polyps,
which could become clarified by investigating cytokine
paiterns. In bronchial asthma, a disease that is fre-
quently associated with nasal polyps, it is now widely
accepted that eosinophils play an important role in the
pathogenesis.'> 14 Interestingly, IL-5 protein concentra-
tions were significantly higher in nasal polyps of patients
with asthma compared with nonasthmatic subjects and
tended to be higher in aspirin-sensitive subjects than in
nonsensitive subjects. These correlations represent an-
other link between asthma, nasal polyps, and aspirin
sensitivity, as observed clinically in the Samter triad.?3

In nasal polyps, eosinophils could contribute to the
tissue damage and inflammation through the release of
vasoactive substances and chemotactic factors. The
abundance of eosinophils in nasal polyps can be ex-
plained in three different ways: by an increased migra-
tion of eosinophils into the tissue, by a prolonged
survival of these cells,’> or by a combination of both.
Several studies have demonstrated the importance of
cytokines in mediating the migration of inflammatory
cells into the tissue. IL-4, IL-5, and RANTES have been
shown to deliver signals that cause selective influx of
eosinophils. 8 In our study IL-4 could not be detected
in either nasal polyps or turbinate nasal mucosa speci-
mens, which does not provide support for an important
role for IL-4 in this disease. RANTES protein concen-
trations did not differ between the groups, bringing into
question the importance of RANTES as a major recruit-
ment factor for eosinophils in nasal polyps.

The proinflammatory cytokines IL-13 and TNF-a can
also lead to increased transendothelial migration of
eosinophils, an effect that is nevertheless not specific for
this cell type.!® Hamaguchi et al2®2! have detected
IL-18 and IL-la in nasal polyps and suggested their
significance in the pathogenesis. In our study, however,
IL-1B concentrations were significantly lower in polyps
than in nasal mucosa, contradicting this hypothesis.
Similar to IL-1B, the protein concentrations of the
naturally occurring antagonist IL-1RA were significantly
lower in polyps. As we have previously shown for nasal
secretions,” IL-1RA was detected in concentrations
about 1000-fold higher than IL-18 in both polyp and
turbinate mucosa samples. TNF-o mRNA has been
demonstrated in eosinophils from nasal polyps in con-
trast to nasal mucosal samples.® Comparison of the
protein concentrations of this cytokine did not reveal
significant differences in our study.

The accumulation of eosinophils in the tissue could
also be due to prolonged survival of these cells in the
polyps. IL-3, GM-CSF, and IL-5 have been demon-
strated to be the main survival factors for human eosin-
ophils.?® Ohno et al.>* have detected protein of GM-CSF
in polyp fluids and have also shown that about 30% of
the eosinophils in nasal polyp tissue produce GM-CSF
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FIG. 4. Serial sections from a polyp stained with Pappenheim’s stain for eosinophils (A), anti-major basic

protein {B), and anti-IL-5 {C).

mRNA. It has further been demonstrated that polyp
tissue expresses more GM-CSF mRNA than turbinate
nasal mucosa’® and that there is a correlation between
the number of activated EG2* eosinophils and IL-3

mRNA and the amount of GM-CSF mRNA. Protein
concentrations of cytokines were not measured in these
experiments. Hamilos et al.> suggest a main role of IL-3
and GM-CSF in the pathogenesis of polyps. However,
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the results of our examination of the protein concentra-
tion do not support this hypothesis but point to IL-5 as
the key protein for eosinophil activation and survival in
this disease.

To determine the cellular source of IL-5, we used
immunohistochemistry to investigate selected samples
with abundant numbers of eosinophils. As was shown
before for eosinophilic heart disease by Capron et al.,?s
immunohistochemistry revealed that eosinophils repre-
sent a major source for IL-5. Accordingly, in our study
69.5% of IL-5" cells were recognized as eosinophils by
their typical morphology. Further investigations to pre-
cisely identify the cellular source of IL-5 are currently in
preparation. Our findings do not rule out that there is a
substantial synthesis of IL-5 by T lymphocytes, because
these cells do not store the protein and therefore are not
expected to be positive in immunohistochemical investi-
gations.

Our findings suggest an autocrine stimulation of eo-
sinophils by IL-5, thus enhancing their activation and
survival. However, we must bear in mind that we inves-
tigated the disease at a later, chronic stage of develop-
ment and that eosinophils might have been T-cell-
dependent in the beginning of disease.

In summary, our data point to IL-5 as a key protein in
the pathologic mechanism of tissue eosinophilia in nasal
polyposis. As shown by immunohistochemistry, eosino-
phils may be a major source of IL-5, thus creating a
possible autocrine loop for activation and survival. IL-5
therefore represents a main target for treatment of
polyps, and nasal polyposis may serve as a good model
for other eosinophil-related diseases such as asthma.
The investigation of cytokine patterns may help to
differentiate between polyp subgroups and to link dis-
eases of the upper airways with those of the lower
respiratory tract.

REFERENCES

1. Settipane GA, Chaffee FH. Nasal polyps. Am J Rhinol 1987;1:119-
26.

. Mygind N. Nasal polyposis. J Allergy Clin Immunol 1990;86:827-9.

3. Tos M, Sasaki Y, Ohnishi M, Larsen P, Drake LA. Pathogenesis of
nasal polyps. Rhinol Suppl 1992;14:181-5.

4. Stoop AE, van der Heijden HA, Biewenga J, van der Baan S.
Eosinophils in nasal polyps and nasal mucosa: an immunohistochem-
ical study. J Allergy Clin Immunol 1993;91:616-22.

5. Hamilos DL, Leung DY, Wood R, Meyers A, Stephens JK, Barkans
J, et al. Chronic hyperplastic sinusitis: association of tissue eosino-
philia with mRNA expression of granulocyte-macrophage colony-
stimulating factor and interleukin-3. J Allergy Clin Immunol 1993;
92:39-48.

6. Costa JJ, Matossian K, Resnick MB, Beil WJ, Wong DT, Gordon
JR, et al. Human eosinophils can express the cytokines tumor
necrosis factor-alpha and macrophage inflammatory protein-1 alpha.
J Clin Invest 1993;91:2673-84.

»n

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23,

24,

25.

J ALLERGY CLIN IMMUNQL
JUNE 1997

. Ohno I, Lea RG, Flanders KC, Clark DA, Banwatt D, Dolovich J, et

al. Eosinophils in chronically inflamed human upper airway tissues
express transforming growth factor beta 1 gene (TGF beta 1). J Clin
Invest 1992;89:1662-8.

. Finotto S, Ohno I, Marshall JS, Gauidie J, Denburg JA, Dolovich J,

et al. TNF-alpha production by eosinophils in upper airways inflam-
mation (nasal polyposis). J Immunol 1994;153:2278-89.

. Elovic A, Wong DT, Weller PF, Matossian K, Galli SJ. Expression of

transforming growth factors-alpha and beta 1 messenger RNA and
product by eosinophils in nasal polyps. J Allergy Clin Immuno}l
1994;93:864-9.

Bachert C, Hauser U, Wagenmann M, Brandt A, Diter I, Prem B.
Interleukin-5 protein is detected in nasal polyps (abstract]. I Allergy
Clin Immunol 1995;95:389.

Bachert C, Hauser U, Prem B, Rudack C, Ganzer U. Proinflamma-
tory cytokines in allergic rhinitis. Eur Arch Otorhinolaryngol Suppl
1995;1:544-9.

Juliusson S, Karlsson G, Bachert C, Enerback L. Metachromatic,
IgE-bearing and tryptase-containing cells on the nasal mucosal
surface in provoked allergic rhinitis. APMIS 1994;102:153-60.
Wegner CD, Gundel RH, Reilly P, Haynes N, Letts LG, Rothlein R.
Intercellular adhesion molecule-1 (ICAM-1) in the pathogenesis of
asthma. Science 1990;247:456-9.

Bousquet J, Chanez P, Lacoste JY, Barneon G, Ghavanian N,
Enander I, et al. Eosinophilic inflammation in asthma. N Engl J Med
1990;323:1033-9.

Simon HU, Blaser K. Inhibition of programmed eosinophil death: A
key pathogenic event for eosinophilia? Immunol Today 1995;16:
53-5.

Schleimer RP, Sterbinsky SA, Kaiser J, Bickel CA, Klunk DA,
Tomioka K, et al. IL-4 induces adherence of human eosinophils and
basophils but not neutrophils to endothelium. Association with
expression of VCAM-1. J Immunol 1992;148:1086-92.

Ebisawa M, Liu MC, Yamada T, Kato M, Lichtenstein LM,
Bochner BS, et al. Eosinophil transendothelial migration induced
by cytokines, II. Potentiation of eosinophil transendothelial mi-
gration by eosinophil-active cytokines. J Immunol 1994;152:
4590-6.

Ebisawa M, Yamada T, Bickel C, Klunk D, Schleimer RP. Eosino-
phil transendothelial migration induced by cytokines. III. Effect of
the chemokine RANTES. J Immunol 1994;153:2153-60,

Ebisawa M, Bochner BS, Georas SN, Schieimer RP. Eosinophil
transendothelial migration induced by cytokines. I. Role of endothe-
lial and eosinophil adhesion molecules in IL-1 beta-induced transen-
dothelial migration. J Immunol 1992;149:4021-8.

Liu CM, Shun CT, Hsu MM. Lymphocyte subsets and antigen-
specific IgE antibody in nasal polyps. Ann Allergy 1994;72:19-24.
Hamaguchi Y, Suzumura H, Arima S, Sakakura Y. Quantitation and
immunocytological identification of interleukin-1 in nasal polyps
from patients with chronic sinusitis. Int Arch Allergy Immunol
1994;104:155-9.

Bachert C, Wagenmann M, Hauser U. Proinflammatory cytokines:
measurement in nasal secretion and induction of adhesion receptor
expression. Int Arch Allergy Immunol 1995;107:106-8.

Weller PF. The immunobiology of eosinophils. N Engl J Med
1991;324:1110-8.

Ohno I, Lea R, Finotto S, Marshall J, Denburg J, Dolovich J, et al.
Granulocyte/macrophage colony-stimulating factor (GM-CSF) gene
expression by eosinophils in nasal polyposis. Am J Respir Cell Mol
Biol 1991;5:505-10.

Desreumaux P, Janin A, Dubucquoi S, Copin MC, Torpier G,
Capron A, et al. Synthesis of interleukin-5 by activated eosinophils in
patients with eosinophilic heart diseases. Blood 1993;82:1553-60.



