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It has been suggested that hyperosmolarity may be one of  the stimuli that provoke exercise- 
induced asthma and rhinitis. We investigated whether changes in osmolarity could result in 
increased levels of  mediator release from nasal cells. Cells were dispersed from nasal polyps 
by enzymatic digestion and were incubated for 15 minutes with solutions of varying osmolarity 
obtained by the addition of mannitol to Hanks' balanced salt solution. After incubation was 
performed, cell supernatants were removed, and the release of 15-hydroxyeicosatetraenoic 
acid, prostaglandin2 leukotriene B 4, and fibronectin was measured. Lactate dehydrogenase 
was measured to assess cell viability. Epithelial cells made up 40% to 60% of cells and 
mononuclear cells 40% to 65%. At  900 mOsm/kg 1420, which has been suggested as the 
osmolarity of  the fluid lining the airways during exercise, we observed a significant increase 
(Wilcoxon W test) in the release of 15-hydroxyeicosatetraenoic acid (p < 0.008), leukotriene 
B 4 (p < 0.008), andprostaglandin2 (p < 0.008), but no significant increase in the release of 
fibronectin was seen. No significant increase was seen between lactate dehydrogenase and 15- 
hydroxyeicosatetraenoic acid release, suggesting that the increase in mediator levels was not 
caused by cell death. These results show that hyperosmolar solutions can induce activation of 
nasal cells, which may at least partly explain rhinitis caused by exercise. (J ALLERGY CLIN 
IMMUNOL 1995;96.'980-5.) 
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During exercise patients with inflammatory rhi- 
nitis sometimes have nasal symptoms. 1-5 The 
mechanisms underlying this reaction may be at 
least partly due to the release of inflammatory or 
vasomotor  mediators?  Several hypotheses have 
been proposed to explain the occurrence of exer- 
cise-induced asthma including the release of in- 
f lammatory mediators, increased osmolarity of the 
bronchi, 6-8 or changes in vasoactivity. 9,10 Hyperos- 
molarity can induce the release of mediators from 
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Abbreviations used 
HETE: Hydroxyeicosatetraenoic acid 

LDH: Lactate dehydrogenase 
LT: Leukotriene 
PG: Prostaglandin 

basophils 11-13 and mast cells in vitro, 11-14 and with 
nasal challenge it can induce the release of hista- 
mine, toluenesulfonylargine methyl ester esterase, 
and leukotrienes? 5, 16 Thus hyperosmolarity of the 
nasal or bronchial milieu may lead to the release of 
inflammatory mediators, vasomotor  mediators, or 
both, inducing nasal or bronchial symptoms in 
patients with rhinitis or asthma. 

Epithelial cells, metachromatic cells, and mac- 
rophages may be activated by hyperosmolar stim- 
ulus. Epithelial cells represent the first barrier 
between the external environment and the nasal or 
bronchial mucosa, and they are activated in pa- 
tients with rhinitis and asthma as shown by in- 
creased release of  mediators and expression of 
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surface markers. 17-19 15-Hydroxyeicosatetraenoic 
acid (15-HETE),  a8,2° fibronectin, is and prostag- 
landin E2 (PGE2) 1s'21 are released by nasal or 
bronchial epithelial cells spontaneously or after 
activation. Mast cells and basophils can be acti- 
vated to release a range of mediators including 
histamine and eicosanoids. Macrophages release a 
wide array of mediators including leukotriene B 4 
(LTB4), 22 PGE2, 23 and fibronectin 24 spontaneously 
or after activation. 

Cells dispersed from nasal polyps represent an 
interesting model to study airway inflammatory 
diseases, because they are derived f rom an in- 
flamed tissue and are primed or stimulated in 
comparison with cells obtained from the nasal 
mucosa in normal subjects. Epithelial cells, macro- 
phages, mast  cells, and eosinophils are among the 
cells recovered from nasal polyps. 

A study was carried out with dispersed cells 
obtained from surgically resected nasal polyps to 
examine the release of  inflammatory (15-HETE, 
LTB4, and fibronectin) and vasoactive (PGE2) 
mediators after stimulation by solutions covering a 
wide range of osmolarities. 

METHODS 
Cell recovery 

Nasal polyps were obtained, after polypectomy, from 
10 patients (seven male patients) ranging in age from 16 
to 60 years who had nonallergic rhinitis. None exhibited 
an aspirin intolerance. The polyp was dissected with 
scissors into pieces of approximately 1 mm3; cell disag- 
gregation was achieved in a shaking water bath at 37 ° C 
by enzymatic digestion in 4 volumes of RPMI 1640 
cultured medium (Gibco, Paisley, Scotland) containing 
0.75 mg/ml hyaluronidase (Sigma Co., St. Louis, Mo.), 
1.5 mg/ml collagenase (Sigma), and 2 mg/ml protease 
type XIV (Sigma) for a 2-hour period according to a 
method previously used for human lung cells. 25 Then the 
cells were filtered sequentially to separate them from 
any undigested tissue. The cells were resuspended in 
15 ml of RPMI and washed three times to remove the 
enzymes. 

Characterization and viability of cells 
The epithelial origin of cells was characterized on 

slides prepared by cytocentrifugation with the use of 
immunohistochemistry with a highly specific monoclonal 
antibody anticytokeratin (MNF-116, Dako Versailles, 
France) 26 and an alkaline phosphatase, antialkaline 
phosphatase system 27 (Dako). A negative control slide 
was prepared with an unrelated antibody of the same 
isotype. Another slide was stained with May Grunwald 
Giemsa stain to characterize the other cell types present. 
Viability was assessed before stimulation and at the end 
of the incubation period by measuring the levels of the 

lactate dehydrogenase (LDH) in the supernatant by 
colorimetric determination with a commercially avail- 
able kit (Sigma). We have examined LDH release in 
nasal polyp cells after freezing and thawing to kill them 
and found that LDH levels ranged from 99 to 122 U / 1 0  6 

cells. In contradistinction, viable cells released between 
1.8 to 12 U of LDH per 10 6 cells. 

Stimulation of cells 
The cells were then resuspended at a concentration of 

1 × 106 cells/ml in RPMI. Osmolarities were selected on 
the basis of previous studies, m-13 In the trachea the 
osmolarity of secretions has been demonstrated to be 
360 mOsm/kg H20.12 Anderson et al. 1° suggested that 
after exercise bronchial secretions may result in an 
osmolarity of 900 mOsm/kg H20. Cells were stimulated 
by iso-osmolar (280 mOsm/kg H20 ) and hyperosmolar 
buffer solutions (360, 500, 600, 750, and 900 mOsm/kg 
H20) obtained by the addition of mannitol (Sigma) 
(final concentration 0.1 to 0.6 mol/L) in Hanks' balanced 
salt solution (Gibco). The osmolarity of the solutions 
was controlled with a cryo-osmometer (Osmomat 030; 
Gonotec, Berlin, Germany). The cells were incubated at 
37°C in 5% CO2 for 15 minutes. After incubation the 
cells were centrifuged, and supernatants were frozen at 
- 2 0  ° C until measurement of mediators was performed. 

Measurement of mediators 
15-HETE. 15-HETE was measured by radioimmuno- 

assay with a commercially available kit (Amersham, 
Buckinghamshire, U. K.). The lower limit of detection of 
this assay is 16 pg per tube, and at 50% of the maximum 
binding efficiency the antibody shows a cross-reactivity 
of 41% with 15-hydroxyperoxy-eicosotetranoic acid, 2% 
with 5,15di-HETE, and less than 0.4% with any other 
eicosanoid tested. 

Fibronectin. Fibronectin was measured with an 
ELISA. Goat anti-human fibronectin antibody, rabbit 
anti-human fibronectin antibody coupled to peroxidase, 
and fibronectin standards were obtained from Calbio- 
chem (La Jolla, Calif.). The lower limit of detection was 
500 pg/ml. ~7 

PGE2. PGE 2 was measured with a commercially 
available enzyme immunoassay kit (Cayman Chemical 
Company, Ann Arbor, Mich.). The lower limit of detec- 
tion of this assay is 7 pg/ml, and at 50% maximum 
binding the antibody shows a cross-reactivity of 100% 
with PGE3, 9.2% with 15-keto PGE2, and less than 
0.02% with any other prostanoid tested. 

LTB 4. LTB 4 was measured with a commercially avail- 
able enzyme immunoassay kit (Cayman Chemical Com- 
pany). With a sensitive ELISA reader (MR 5000 Dyn- 
atech) the lower limit of detection of this assay is 4 
pg/ml. At 50% of the maximum binding efficiency the 
antibody shows a cross-reactivity of 100% with LTBs, 
39% with 6-trans -LTB4, 0.7% with 6-trans-12-epi LTB4, 
0.5% with 20-hydroxy LTB4, 0.03% with 5(s)-HETE, 
and less than 0.01% with other eicosanoids. 



982 S o u q u e s  et al. J ALLERGY CLIN IMMUNOL 
DECEMBER 1995 

TABLE I. Global results 

Osmolarity (mOsm/kg H20) 
No. of Friedman 

experiments Isotonic 360 500 600 750 900 test 

LDH (U/ml) 9 1.8 4.0 6.7 10.3 9.7 9.9 12.1 
0-24 0-30 0-37 0-45 0-49 0-54 p < 0.04 

Fibronectin (ng/ml) 9 2.3 2.4 2.0 2.1 1.0 3.6 4.0 
0.3-5.2 0.2-8.2 0.15-8.1 1.5-13.9 0.1-5.4 0.3-8.5 NS 

15-HETE (pg/ml) 8 4.4 4.4 4.6 4.1 4.9 5.8 14.6 
0.6-8.4 0.6-8.2 0.6-9.6 0.6-9.2 0 .6-8 .4  0.8-25 p < 0.012 

PGE 2 (pg/ml) 9 62 67 81 97 112 120 22.8 
7-240 7-227 9-771 5-541 6 - 1 1 6 9  23-6200 p < 0.004 

LTB 4 (pg/ml) 9 4.9 5.5 5.6 5.2 5.8 9.8 18.0 
3.9-11.5 3.9-9.6 3.9-13.5 3.9-14.8 3.9-19.1 3.9-28.2 p < 0.003 

Results are expressed as medians (first line) and range (second line). 

Influence of the osmolarity on the assay of mediators. 
The addition of hyperosmolar solutions to the assays did 
not modify the performance of any test. 

Statistical analyses 
Statistical analyses were performed with the Friedman 

test to assess whether osmolarity can affect the release of 
a marker. When the Friedman test was significant, the 
Wilcoxon W nonparametric test with Bonferroni's cor- 
rection was used. Results are given as the median value 
and the range. 

RESULTS 
Characteristics of cells 

Epithelial cells composed 42% (28% to 61%) 
(median, range) of the cell population as shown 
with an anticytokeratin antibody. Mononuclear 
cells (lymphocytes and macrophages) (47%, 32% 
to 62%), mastocytes (5%, 0% to 17%), neutrophils 
(3%, 0% to 6%), and eosinophils (2%, 0.7% to 
26%) were the other cell types recovered. 

Viability of cells 

Hyperosmolar solutions increased the release of 
LDH (Table I), but no dose-response effect was 
observed, and no significant increase was seen for 
a given osmolarity. 

Release of mediators 

15-HETE. 15-HETE was released from cells at 
all osmolarities tested, and a significant increase 
was seen in 15-HETE release for an osmolarity of 
900 mOsm/kg H20  (p < 0.01, Wilcoxon W test) 
(Table I and Fig. 1, A). No correlation was seen 
between the amount of 15-HETE release and 
LDH levels (Spearman rank test), indicating that 
the release of 15-HETE was not related to cell 
mortality. 

Fibronectin. Fibronectin was released from cells 
at all osmolarities tested, but although a sharp 
increase of fibronectin levels was seen in four of 
10 experiments at an osmolarity of 900 mOsm/kg 
H20,  no overall significant increase was seen in 
fibronectin release (Table I). 

PGE z. PGE 2 was released from cells at all os- 
molarities tested, and a significant increase was 
seen in PGE2 release for an osmolarity of 900 
mOsm/kg H 2 0  (p < 0.008, Wilcoxon W test) 
(Table I and Fig. 1, B). 

LTB 4. LTB 4 was released from cells at all osmo- 
larities tested, and a significant increase was seen 
in LTB 4 release for an osmolarity of 900 mOsm/kg 
H 2 0  (p < 0.007, Wilcoxon W test) (Table I and 
Fig. 1, C). 

DISCUSSION 

This study showed that cells dispersed from 
nasal polyps can be activated by hyperosmolar 
solutions to release mediators including 15-HETE, 
LTB4, and P G E 2 at a concentration of 900 
mOsm/kg H20.  

We used cells obtained by enzymatic diges- 
tion, because work with chopped lung tissue has 
shown that only qualitative and not quantitative 
data are obtained with tissue fragments. 2s In this 
study we did not a t tempt  to purify the different 
cell types found in the polyps, because this 
purification could mask interactions that would 
occur in vivo, although in future work it would be 
interesting to study the cellular provenance of 
the mediators. 

Cells present in the airways epithelium may play 
a role in asthma or rhinitis. In this study we used 
dispersed nasal polyp cells, because polyps repre- 
sent an inflamed airway tissue that can be recov- 
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FIG. 1. Release of proinflammatory mediators by disperSed nasal polyp cells stimulated by 
isotonic and hypertonic solutions. A, 15-HETE; B, PGE2; C, LTB4. 

ered in sufficient quantity to allow these experi- 
ments to be performed, and it is extremely difficult 
to obtain adequate quantities of tissue from pa- 
tients with exercise-induced rhinitis who only 
rarely present with an indication for nasal surgery. 
Although nasal polyp cells are closer to cells 
recovered from the nasal mucosa of patients with 
rhinitis, they may be similar to bronchial cells of 
patients with asthma. Moreover, it seems more 
appropriate to study cells obtained from inflamed 
tissue than cells from normal tissue, because they 
are already primed in a manner similar to the 
inflammation associated with rhinitis and asthma. 
However, for a more accurate understanding of 
exercise-induced asthma, cells obtained from bron- 
chial biopsies or brushing will have to be studied. 
The cells were dispersed according to a method 
previously used for obtaining cells from lung pa- 

renchyma, because cells obtained with enzyme 
digestion can be used for pharmacologic studies. 29 

Epithelial cells can be identified by the presence of 
cytokeratin with a monoclonal antibody, 27 and we 
found that almost half the cells were of epithelial 
origin. As expected, the cell population also in- 
cluded mononuclear cells, eosinophils, and neutro- 
phils. The release of LDH was measured as an 
index of cell mortality; this enzyme was released by 
dead or dying cells. We used LDH measurement 
rather than assessment of the uptake of a vital stain 
such as trypan blue, because we (and others) have 
observed that this stain can be taken up by cells 
that still have ciliary movement, making assess- 
ment of viability difficult and inaccurate. 

We challenged cells with hyperosmolar solutions 
for only 15 minutes to try to mimic the conditions 
in vitro that may occur in vivo after exercise in 
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these patients and to avoid hyperosmolar-induced 
cytotoxicity, which might have occurred with a 
longer incubation period. The selection of os- 
molarities was based on measurement of tra- 
cheal secretions 12 and the suggestion that in 
patients with exercise-induced asthma, osmolar- 
ity may reach 900 mOsm/kg H20 in bronchial 
secretions.i° 

On hyperosmolar stimulation, polyp cells re- 
leased increased levels of 15-HETE, PGE2, and 
LTB 4. The results obtained for fibronectin are less 
consistent, because a sharp increase occurred in 
only four experiments. 15-HETE is the major 
arachidonic acid metabolite released by freshly 
dispersed epithelial cells 3° and is not released in 
significant quantities by other cells present in the 
airways (eosinophils and possibly macrophages 
may also release 15-HETE but to a lesser extent). 
Cells released significantly greater levels of this 
mediator after incubation for 15 minutes with 900 
mOsm/kg H20. Of interest, no significant correla- 
tion was found between 15-HETE release and the 
numbers of eosinophils present, suggesting that 
the main source of this eicosanoid was the epithe- 
lial cell. 15-HETE can be released by dead or dying 
cells; however, in these experiments no significant 
increase was seen in the release of LDH (an 
enzyme released by dead cells) for an osmolarity of 
900 mOsm/kg H20, and no significant correlation 
was seen between LDH and 15-HETE levels, 
indicating that the release of this mediator was not 
due to cell death. 15-HETE is a biologic mediator 
capable of stimulating the chemotaxis of inflam- 
matory cells 31 and inducing the release of mucus 
glycoprotein from human airways in culture, 32 and 
it can also influence 5-1ipoxygenase activity in 
leukocytes? 3 Lai et al. 34 have shown that 15-HETE 
is capable of enhancing the early bronchoconstric- 
tor response to inhaled allergen in patients with 
atopic asthma. 

Epithelial cells and macrophages in culture pro- 
duce PGE2, 35 and epithelial cells from patients 
with asthma can be stimulated to release this 
mediator, whereas cells obtained from normal 
subjects cannot? 8 PGE 2 has a proinflammatory 
function, causing vasodilatation and increasing 
mucosal edema. However, it has been suggested 
that PGE 2 may have different effects in the bronchi 
and in the nasal cavities. Although there is little 
doubt that PGE 2 generally acts as a vasodilator, 
reports have been made that this mediator has 
vasoconstrictor effects in the nasal mucosa, and for 
this reason it has been tested as a nasal deconges- 
tant. 36 This finding is important because it has 

been shown that a decrease in nasal airway resis- 
tance occurs during exercise?. 2, 4 

LTB 4 release was increased at an osmolarity of 
900 mOsm/kg H20. The major sources of this 
eicosanoid are monocytes and macrophages, and 
this study suggests that these cells can be activated 
by a hyperosmolar stimulus. The major biologic 
activity of LTB 4 is to act as a potent chemoattractant 
for inflammatory cells such as neutrophils and eosi- 
nophils and to increase vascular permeability? 7 

In summary, this study shows that cells dispersed 
from nasal polyps can be activated by hyperosmo- 
lar solutions to release a range of mediators. The 
release of these mediators occurs within 15 min- 
utes, and it is therefore possible that alterations in 
the osmotic environment may be an important 
factor in the development of exercise-induced rhi- 
nitis and possibly exercise-induced asthma, al- 
though studies with bronchial cells are necessary to 
confirm the latter hypothesis. 
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