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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 cytokinr 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-113~ IL-3, IL-4. IL-5. IL-6. IL-8. IL-10. tumor ne- 
crosis factor-a, granulocyte-macrophage colony-stimulating 
factor. IL-1RA, RANTES. GRO-o0 of tissue homogenates was 
measured by ELISA. Immunohistochemistry was performed 
in selected samples to detect 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. Immunohistoehemistry revealed an abundant number of 
IL-5 § cells, of which 69.5% could be identified as eosinophils 
by morphology. IL-6. IL-8. IL-10. tumor necrosis factor-a, 
GRO-o<. and RANTES were detected in all specimens, With- 
out significant differences between groups ~p --> 0.05), 
whereas significantly higher concentrations of IL-113 and IL- 
IRA were found in turbiuate mncosa (p --< 0.05). IL-3 was 
not detectable: granulocyte-macrophage colony-stimulating 
[actor could only occasionally be found. 
Conclusion: This study indicates that IL-5 plays a key role in 
the  pathophysiology of eosinopbilic nasal  polyps and may be 
produced by eosinophils.  (J Allergy Clin Immunol 1997:99: 
837-42.~ 
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Nasal  polyps are t ransparent ,  pale  grey pro t rus ions  of  
the nasal and  paranasa l  sinus mucosa, which prolapse  
into the  nasal cavity. The  prevalence  of this disease has 
been  es t imated  to be  abou t  4~ in the  general  popula-  
t ion?  Nasal  polyposis is bel ieved to be a mult i factor ia l  
disease that  is f requent ly  associated with a s thma  and  
o the r  respira tory diseases such as cystic fibrosis, pr imary 
ciliary dyskinesia, and  aspir in sensitivity. The  cause and  
pathologic  mechan i sm of this disease are so far ill- 
defined. 2 Numerous  hypotheses  concern ing  the  pa tho-  
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Abbreviations used 
GM-CSF: Granulocyte-macrophage colony-stimulat- 

ing factor 
RA: Receptor antagonist 

TNF-a: Tumor necrosis factor-c~ 

genesis of eosinophil ic  nasal  polyps range  fl 'om chronic  
infections,  inhalant  or food allergies, and T-cell distur- 
bances  to ae rodynamic  fac tors?  

HistologiC studies to elicit type and  morphology  of the  
infil trating cells have shown tha t  about  80% to 90% of 
the  polyps are charac ter ized  by abundan t  eosinophils .  
which are partially E G 2  § (activated).  4 O the r  cells, such 
as CD8 § T cells and  mast  cells; are also regularly found 
in the  polyp tissue and  may cont r ibu te  to the  pa thophys-  

iology. 
Recently,  in situ hybridizat ion techniques  allowed the 

identif ication and localization of messenger  R N A  of 
cytokines, chemokines ,  and  growth factors, which could 
be involved in the format ion  of nasal  polyps. These  
studies have shown that  m R N A  for granulocyte-mac-  
rophage colony-st imulat ing factor  I GM-CSF) ,  IL-3. tu- 
mor  necrosis  fac tor -a  (TNF-a ) .  macrophage  inf lamma- 
tory protein-lc~. IL-1. and  t ransforming growth factor-I~ 
can be  detected in nasal  polyps. IL-5 m R N A  was only 
found in low quanti t ies .  5-9 

Af te r  pe r fo rming  a pilot  study, 1~ we invest igated the  
protein concent ra t ions  of various cytokines and  chemo-  
kines in homogen ized  nasal  polyps and  compared  t h e m  
with tu rb ina te  nasal  mucosa  of control  subjects. Fur ther -  
more. we used immunohis tochemis t ry  to detect  and 
identify IL-5 pro te in-pos i t ive  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 samples 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 l allergy, bronchial asthma, and aspirin sensitivity) is 
shown in Fig. 1. Subjects 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 
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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 ~zm 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 ~g/ml), major basic protein (Cell 
Systems, Remagen, Germany: clone MON 6008: concentration: 
1 Ixg/m|), and IL-5 (gift from Glaxo. UK; clone MAB7; 
concentration: 28.5 ~g/ml) by using the alkaline phosphatase- 
anti-alkaline phosphatase technique as detailed elsewhere. TM 12 

Preparation of fluids for ELISA 
Biopsy specimens were weighed, chopped into small pieces, 

transferred into 5 ml of a 0.9% sodium chloride 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 I~1 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. Ill.). Mean total protein concentrations (per 0.1 gm 
of tissue) were 514.62 ___ 55.27 ~zg/ml in polyp tissue and 
669.43 z 35.25 Ixg/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-113:0.!25 pg/ml; IL-6:0.156 pg/ml; TNF-ec 
0.5 pg/ml; IL-4:1.5 pg/ml; IL-5, GM-CSF: 7.8 pg/ml; IL-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 medians and 

ranges. All data 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 de tec ted  in 18 of 23 nasal  polyps bu t  in only 
one  of  18 tu rb ina te  samples.  T h e  m e d i a n  concen t r a t ion  
in the  polyp groUp was 11.45 pg/mg (Fig. 2, A) .  

Wi th in  the  group of  polyp samples,  we tes ted 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-113, 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 9Oth 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-113 and IL-1RA in nasal polyps were 
significantly lower. No significant differences were ob- 
served for TNF-a, IL-6, IL-8, IL-10, RANTES, and 
GRO-cc 

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-5 + cells. 

For IL-6, TNF-c~, IL-8, IL-10, and the chemokines 
RANTES and GRO-et, we could not find significant 
differences between the groups. IL- 113 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. 2,3 Tissue neutrophifia is 
found in polyps from patients with cystic fibrosis and 

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 cytoldne 
patterns. 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?3, 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. 2, 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, 15 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. 16-18 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-113 and TNF-a can 
also lead to increased transendothelial migration of 
eosinophils, an effect that is nevertheless not specific for 
this cell type. 19 Hamaguchi et al. 2~ have detected 
IL-l[3 and IL-lc~ in nasal polyps and suggested their 
significance in the pathogenesis. In our study, however, 
IL-113 concentrations were significantly lower in polyps 
than in nasa/ mucosa, contradicting this hypothesis. 
Similar to IL-113, the protein concentrations of the 
naturally occurring antagonist IL-1RA were significantly 
lower in polyps. As we have previously shown for nasal 
secretions, 2~ IL-1RA was detected in concentrations 
about 1000-fold higher than IL-113 in both polyp and 
turbinate mucosa samples. TNF-a mRNA has been 
demonstrated in eosinophils from nasal polyps in con- 
trast to nasal mucosal samples. 6, s 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. 23 Ohno et al. 24 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-lL-5 (C). 

mRNA. It has further been demonstrated that polyp 
tissue expresses more GM-CSF mRNA than turbinate 
nasal mucosa 5 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. 5 suggest a main role of IL-3 
and GM-CSF in the pathogenesis of polyps. However, 
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t h e  resul ts  o f  our  e x a m i n a t i o n  o f  t h e  p r o t e i n  c o n c e n t r a -  
t ion  do  n o t  s u p p o r t  this hypo thes i s  b u t  p o i n t  to IL-5 as 

t he  key p r o t e i n  fo r  eos inoph i l  ac t iva t ion  and  survival in 
this disease.  

To  d e t e r m i n e  the  cel lular  source  o f  IL-5,  we  u s e d  
i m m u n o h i s t o c h e m i s t r y  to  inves t iga te  s e l ec t ed  s a m p l e s  

wi th  a b u n d a n t  n u m b e r s  o f  eos inophi l s .  As  was  s h o w n  
b e f o r e  for  eos inoph i l i c  h e a r t  d i sease  by C a p r o n  et  a l . y  
i m m u n o h i s t o c h e m i s t r y  r evea l ed  tha t  eos inoph i l s  r e p r e -  
s en t  a m a j o r  source  for  IL-5.  Accord ing ly ,  in ou r  s tudy  

69.5% of  IL-5 + cells w e r e  r e c o g n i z e d  as eos inoph i l s  by 
the i r  typical  m o r p h o l o g y .  F u r t h e r  inves t iga t ions  to  p re -  
cisely ident i fy  the  ce l lu lar  source  o f  IL-5 a re  cu r ren t ly  in 
p r e p a r a t i o n .  O u r  f indings  do  n o t  ru le  o u t  tha t  t h e r e  is a 
subs tan t ia l  synthes is  o f  IL-5 by T lymphocy tes ,  b e c a u s e  

t h e s e  cells  d o  n o t  s to re  t h e  p r o t e i n  and  t h e r e f o r e  a re  n o t  
e x p e c t e d  to  b e  pos i t ive  in i m m u n o h i s t o c h e m i c a l  invest i -  
ga t ions .  

O u r  f indings  sugges t  an  au toc r ine  s t imula t ion  o f  eo-  
s inophi l s  by IL-5,  thus  e n h a n c i n g  the i r  ac t iva t ion  and  

survival. H o w e v e r ,  we  m u s t  b e a r  in m i n d  tha t  we  inves-  
t iga ted  the  d i sease  at  a la ter ,  ch ron i c  s tage  o f  deve l op -  

m e n t  a n d  tha t  eos inoph i l s  migh t  have  b e e n  T - c e l l -  
d e p e n d e n t  in t h e  b e g i n n i n g  of  d isease .  

In  sum m a r y ,  ou r  da t a  p o i n t  to  IL-5 as a key p r o t e i n  in 
t h e  pa tho log ic  m e c h a n i s m  o f  t issue eos inoph i l i a  in nasa l  
polyposis .  A s  shown  by i m m u n o h i s t o c h e m i s t r y ,  eos ino-  

p h i l s  m a y  be  a m a j o r  source  o f  IL-5,  thus  c rea t ing  a 
poss ib le  au toc r ine  l o o p  fo r  ac t iva t ion  a n d  survival.  IL-5 
t h e r e f o r e  r e p r e s e n t s  a m a i n  t a rge t  for  t r e a t m e n t  o f  
polyps ,  a n d  nasa l  po lypos i s  may  se rve  as a g o o d  m o d e l  
for  o t h e r  e o s i n o p h i l - r e l a t e d  d i seases  such  as a s thma .  
T h e  inves t iga t ion  o f  cy tokine  p a t t e r n s  m a y  he lp  to  
d i f f e r e n t i a t e  b e t w e e n  polyp  subg roups  and  to l ink dis- 
eases  o f  t he  u p p e r  airways wi th  t h o s e  o f  t he  lower  
r e sp i r a to ry  tract .  
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