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Abstract
Background: It is widely assumed that apoptosis of eosinophils is a central component of resolution of allergic airway 
disease. However, this has not been demonstrated in human allergic airways in vivo. Based on animal in vivo 
observations we hypothesised that steroid-induced resolution of human airway eosinophilic inflammation involves 
inhibition of CCL5 (RANTES), a CC-chemokine regulating eosinophil and lymphocyte traffic, and elimination of 
eosinophils without evident occurrence of apoptotic eosinophils in the diseased tissue.

Objective: To determine mucosal eosinophilia, apoptotic eosinophils, general cell apoptosis and cell proliferation, and 
expression of CCL5 and CCL11 (eotaxin) in human allergic airway tissues in vivo at resolution of established 
symptomatic eosinophilic inflammation.

Methods: Twenty-one patients with intermittent (birch and/or grass) allergic rhinitis received daily nasal allergen 
challenges for two seven days' periods separated by more than two weeks washout. Five days into these "artificial 
pollen seasons", nasal treatment with budesonide was instituted and continued for six days in a double blinded, 
randomized, placebo-controlled, and crossover design. This report is a parallel group comparison of nasal biopsy 
histochemistry data obtained on the final day of the second treatment period.

Results: Treatments were instituted when clinical rhinitis symptoms had been established. Compared to placebo, 
budesonide reduced tissue eosinophilia, and subepithelial more than epithelial eosinophilia. Steroid treatment also 
attenuated tissue expression of CCL5, but CCL11 was not reduced. General tissue cell apoptosis and epithelial cell 
proliferation were reduced by budesonide. However, apoptotic eosinophils were not detected in any biopsies, 
irrespective of treatment.

Conclusions: Inhibition of CCL5-dependent recruitment of cells to diseased airway tissue, and reduced cell 
proliferation, reduced general cell apoptosis, but not increased eosinophil apoptosis, are involved in early phase 
steroid-induced resolution of human allergic rhinitis.

Background
Airway tissue signs of established inflammation in
asthma and allergic rhinitis include increased mucosal
tissue cell turnover, eosinophilia, and increased
chemokine production. Institution of steroid treatment
eventually reduces both symptoms and eosinophilic
inflammation in allergic airways diseases [1]. However,
early resolution effects in vivo of this mainstay class of
airway drugs are incompletely understood.

In recent years, based largely on observations in vitro,
the view that established airway tissue eosinophilia is
resolved through steroid-induced apoptosis of these cells
has been widely accepted [2-5]. Unexpectedly, therefore,
we and others observed that steroid-treatment resolved
established airway-pulmonary eosinophilic inflammation
in murine in vivo models without inducing any detectable
apoptosis of tissue eosinophils [6-8]. At neither spontane-
ous nor steroid-induced resolution were apoptotic
eosinophils seen in the tissues in vivo [7,8]. Although
these data were at variance with predictions made from
in vitro experiments they were compatible with publi-
cised human and animal in vivo-information in the field
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of interest [9]. New data also emerged demonstrating that
airway tissue eosinophils could efficiently and non-injuri-
ously be eliminated by extra-apoptotic routes [7,9,10]. It
is of note that the previous studies had not examined
human diseased airways during steroid-induced resolu-
tion of allergic inflammation. This aspect is essential
because at the early phase of such resolving tissue eosino-
philia the chance of detecting apoptotic eosinophils
would be the greatest.

Studies involving allergic animals and humans demon-
strate broad anti-inflammatory airway effects when ste-
roids are given as prophylactic treatment prior to allergen
exposure [8,11]. By contrast, observations in animals
indicate that steroids given to airways with already estab-
lished allergic inflammation and remodelling may not
exhibit the same wide range of early effects [8,12]. Pro-
phylactic administration of a steroid thus inhibited aller-
gen challenge-induced up-regulation of CCL11 (eotaxin)
and CCL5 (RANTES) along with attenuation of several
other CC-chemokines in mouse lungs [8]. However, using
the same animal model and instituting the same steroid
treatment after the allergic eosinophilic inflammation
had been established, merely one lung tissue chemokine,
CCL5, was significantly inhibited [8]. This latter effect
was associated with steroid-induced resolution of the
eosinophilic inflammation. Similar to several other
eosinophil chemo-attractants, CCL5, a key regulator of
airway eosinophils and lymphocytes, has been demon-
strated in biopsies and lavage fluids obtained from
human airways in allergic disease [13-17]. Supporting the
possibility that an anti-CCL5 action is involved in thera-
peutic effects of steroids, Castro et al. further observed
that CCL5 became significantly increased in asthmatic
airway tissues along with worsening of the disease evoked
by stopping steroid treatment [17]. However, it is not
known whether early steroid-induced resolution of air-
way allergic inflammation involves any specific reduction
of CCL5 in the diseased human tissues.

The human nose provides opportunities for the study
of inflammatory processes germane to the respiratory
tract mucosa [18]. Using a validated repeat allergen chal-
lenge-model closely mimicking seasonal allergic rhinitis
[19,20], we have here studied early phase resolution of
airway eosinophilic inflammation with and without ste-
roid treatment. The features of this model include estab-
lishment of consistent around-the-clock disease
symptoms along with eosinophilic inflammatory pro-
cesses. In the present study, we report on tissue indices of
inflammation assessed in biopsies obtained at one point
in time (parallel group analysis) at the end of a crossover
exploratory study of early resolution of symptomatic
rhinitis. We have focused on epithelial and subepithelial
eosinophilia, expression of CCL11 and CCL5, and occur-
rence of apoptotic and non-apoptotic eosinophils in the

human nasal mucosa with resolving tissue eosinophilia.
In addition, inflammation as reflected by mucosal cell
turnover indices has been examined.

Methods
Study design and ethical approval
Patients with seasonal (intermittent) allergic rhinitis were
subjected to daily nasal allergen challenges for two seven
days' periods outside the pollen season. Five days into the
"artificial pollen season" [19,20] nasal treatment with
budesonide was instituted in a double blinded, random-
ized, placebo-controlled, and crossover design and con-
tinued for six days. (Fig.1). Nasal symptoms were
monitored. On Study days 5, 6, 8, and 10 of each allergen
challenge series, nasal lavage was carried out. However,
the focus of the present report was on the analysis of
nasal biopsies obtained on the final day of the second
treatment period (Study day 10). This latter parallel-
group comparison involved ten patients on treatment
with budesonide and eleven patients on treatment with
placebo. The human study was in accordance with the
Helsinki Declaration, and ethical approval was obtained
by the Ethical Committee at Lund University Hospital
(reference number: LU504-01). All patients gave written
consent prior to participate in the study.

Patients
Twenty-one patients were recruited to the study (15
males and 6 females). The median age was 24 (range 20-
41). Inclusion criteria were a history of strictly intermit-
tent (birch and/or grass) allergic rhinitis for at least two
years, a positive skin-prick test to birch and/or grass pol-
len allergen, and a need for medical treatment at seasonal
allergen exposure. Exclusion criteria were asthma, a his-
tory of perennial (persistent) allergic rhinitis or a positive
skin prick test to perennial allergens, and other chronic
nasal disease or major nasal structural abnormalities. The
only permitted drug treatment was rescue medication
provided by the investigator (loratadine, 10 mg tablets,
Schering-Plough).

Allergen-challenge
In order to identify an individual, tolerable, yet symptom-
producing dose for the nasal allergen-challenge series, a
titration procedure was performed. Increasing doses of
birch or timothy pollen allergen were administrated at
10-min intervals using a spray-device delivering 100 μl
per actuation (Aquagen, ALK, Horsholm, Denmark). One
puff was sprayed into each nostril resulting in effective
doses of 100, 300, 1000, and 3000 Standard Quantity-
Units (SQ-U) per cavity. This scheme was followed until a
response of 5 sneezes or a score of 2 or more, on a scale
from 0 to 3, for either of the symptoms blockage or rhin-
orrhea. The dose that produced this effect was chosen for
the daily challenges.
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Study drug
The subjects were treated with budesonide (AstraZeneca
R&D, Lund, Sweden) and placebo. An aqueous suspen-
sion of budesonide (1.28 mg/ml) was provided in glass
bottles fitted with mechanical spray-pump delivering 64
μg budesonide per actuation. Placebo was provided in
identical glass bottles and with identical spray pumps.
The subjects were given two actuations into each nostril
of either budesonide (total daily dose: 256 μg) or placebo
once daily for six days, starting on Study day 5 of the
allergen challenge series. The first dose of study drug/pla-
cebo was taken at the clinic under supervision of the
investigator and the subsequent doses were taken at
home every morning.

Symptoms and nasal lavage
During the study period, nasal symptoms were scored in
the morning (before intake of the drug), post challenge,
and in the evening. The score in the morning and evening
reflected the last 12 hours and was entered into a diary.
The symptoms blocked nose, runny nose, and sneezing/
itching were each scored on a 4-graded scale: 0 = no, 1 =
mild, 2 = moderate and 3 = severe symptoms. Symptom
scores for morning and evening recordings, respectively,
were added to a total nasal symptom score (TNSS, range
0-9). Nasal saline lavages were carried out on Study days
5, 6, 8, and 10 using a nasal pool-device [21]. On Study
days 5 and 6, these lavages were carried out before the
daily allergen challenge. In the present study, the volume
of the pool-fluid was 15 ml and the dwell time 5 min. The
samples were centrifuged (325g, 10 min, 4°C) and sam-
ples were obtained from the supernatant and frozen (-
30°C). CCL5 and CCL11 were measured with ELISAs
(R&D Systems, Minneapolis, MN).

Nasal biopsy
Two nasal biopsies were obtained from each patient at
the end of the second treatment period (Study day 10).
Topical anaesthesia and mucosal decongestion was
achieved by administration of tetracain (20 mg/ml) and
adrenalin (0.1 mg/ml) first by a spray-device and then by
a cotton swab. In addition, ten min later, a mixture of car-
bocain (10 mg/ml) and adrenalin (5 mg/ml) was injected
into the inferior nasal turbinate. Using a cutting forceps
with a 3 mm drilled out punch, a biopsy was taken from
the inferior turbinate about 5 mm from its anterior mar-
gin. The biopsies were directly frozen in TissueTek
(Sakura Finetek Europe, Zoeterwoude, The Netherlands)
and stored at -80ºC.

Histological analyses of nasal biopsies
Histochemical detection of eosinophils
Eosinophils were detected by histochemical visualisation
of cyanide-resistant eosinophil peroxidase as previously
described [7,22]. Eosinophils were identified by their dark
brown reaction product and quantified in the epithelial
lining and the lamina propria as numbers of eosinophils/
0.1 mm2 tissue area and eosinophils/mm2, respectively.
The whole biopsy was subjected to analysis in a blinded
manner.
Detection of apoptotic cells with the TUNEL-technique
Apoptosis was visualized using the in situ TUNEL-tech-
nique that we previously have validated in animal and
human airway tissues [7,22]. Cryosections (5-10 μm)
were directly fixated in 2% paraformaldehyde and then
pretreated with proteinase K (20 μg/ml) (Sigma, Stock-
holm, Sweden) for 15 min at room temperature. DNA
strand breaks obtained during apoptosis were detected by
enzymatic labelling of free DNA termini using an in situ
apoptosis kit (ApopTag fluorescein, Intergen, NY). Thy-

Figure 1 Scheme of allergen challenges, budesonide (corticosteroid, CS) treatment, and sampling representing the challenge/treatment 
series. The biopsies*, which are the focus of the present analysis, were obtained only on the final study day (Study day 10 of the second series of al-
lergen challenges).
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mus from corticosteroid-treated rats was used as a posi-
tive control. No staining was evident in negative controls,
i.e., when the Tdt-enzyme was omitted. Slides were coun-
terstained with propidium iodide to reveal pyknotic
nuclei as well as the total number of cells. Apoptotic cell
nuclei were stained intensely green and quantified as total
apoptotic cells/mm2. Apoptotic eosinophils were defined
as both chromotrope 2R-positive and TUNEL-positive
cells exhibiting apoptotic morphology, i.e., small cells
with condensed nuclei.
Immunostaining for proliferating cells using light microscopy
Cryosections were incubated over night with a monoclo-
nal mouse anti human Ki-67 antibody (dilution 1:80,
clone Ki-S5, Dako, Glostrup, Denmark) and visualised by
a secondary goat anti-mouse FITC antibody (1:200, Jack-
son Immuno Research, West Grove, PA). Proliferating
epithelial cells were quantified as number of cells/0.1 mm
basement membrane.
Immunostaining for CCL5 and CCL11
Cryosections (5-10 μm) were directly fixated in ice-cold
2% formaldehyde and washed in EBSS buffer-saponin. A
biotinylated anti-human CCL5 antibody (2.5 μg/ml, BAF
278, R&D Systems, Abingdon, UK.) and a monoclonal
anti-human CCL11 antibody (5 μg/ml, MAB320, R&D
Systems, Abingdon, Systems, UK.) were used and stained
according to manufactures instructions. Haematoxylin
was used as background staining. Sections were exam-
ined with a standard light microscope (Bx-60, Olympus,
Tokyo, Japan) in a blinded manner and photomicro-
graphs were taken with a 10x objective and saved in
TIFF-format for analysis of Integrated Optical Density
(IOD) using the Image-Pro Plus 4.5 software (Media
Cybernetics, Silverspring, MD, USA) as previously
described [23]. Image-pro Plus software was used to cal-
culate stained area (μm2) and Integrated Optical Density
(IOD) (area x average density) for CCL5 and CCL11.

Statistics
Symptom scores, lavage fluid indices, and tissue indices
were considered non-parametrically distributed. Differ-
ences between groups receiving treatment with budes-
onide and placebo were examined using the Mann
Whitney U-test. P-values <0.05 was considered statisti-
cally significant. Paired analyses within each treatment
group were carried out using the Wilcoxon Signed Rank
test. Histology data is presented as mean ± SEM. Symp-
toms and lavage data in Table 1 are presented as median
and interquartile range.

Results
Allergen challenges
Thirteen patients received nasal challenges with timothy-
pollen allergen and 8 with birch-pollen allergen. The indi-
vidual dose-titration resulted in that 4, 3, and 6 subjects

received daily challenges with 100, 300, and 1000 SQ-U of
timothy allergen, respectively and 4, 2, 1, and 1 subjects
received 100, 300, 1000 and, 3000 SQ-U of birch allergen.
Rescue medication (loratadine) was used by patients in
both the placebo group (1 patient taking 4 tablets, 3
patients taking 1 tablet each) and budesonide group (2
patients taking 1 tablet each) during days 5- 8. Thus, no
antihistamine medication was taken during the last 48h
prior to sampling the biopsies.

Symptoms and lavage data
The challenges produced mild rhinitis symptoms: For
example, evening total nasal symptoms on Study day 4
(placebo and budesonide groups together prior to any
treatment had begun) were scored 1.7 compared with
evening symptoms on Study day 1 scored of 1.3. Budes-
onide reduced symptoms compared with placebo during
Study days 5-10, but these changes failed to reach statisti-
cal significance (paired analysis involving both treatment
periods, data not shown). At the time when the biopsies
were obtained, symptoms also did not differ between the
treatment groups (Table 1, parallel group analysis). Dur-
ing the present early phase of resolution lavage fluid lev-
els of CCL5 and CCL11 did not differ between
budesonide and placebo (paired analysis involving both
treatment periods, data not shown, and parallel group
analysis Study day 10, Table 1).

Airway tissue eosinophilia
In biopsies obtained from placebo-treated subjects, a
marked epithelial- and sub-epithelial eosinophilia
remained three days after cessation of the allergen-chal-
lenges (Fig. 2). In budesonide-treated individuals, the
total nasal tissue eosinophilia was reduced compared to
placebo treatment (Fig. 2A). The epithelial eosinophilia
was not significantly reduced by budesonide treatment
(Fig. 2B) but the eosinophilia beneath the epithelium was
significantly reduced (Fig. 2C).

Apoptosis and proliferation
The persisting allergic inflammation at placebo treatment
was associated with scattered occurrence of apoptotic
cells in the tissue and proliferating cells in the epithelium
(Fig. 3A and 3B). These indices of inflammatory stimu-
lus-induced local cell turnover were less pronounced in
the budesonide-treated group (Fig. 3A and 3B). Further-
more, apoptotic eosinophils were detected neither in the
placebo-group nor in the steroid-treated group.

Immunostaining of CCL5 and CCL11
In placebo-treated individuals, the intensity of CCL5
immunoreactivity was pronounced in the epithelium,
including the glandular epithelium, and in subepithelial
tissue (Fig. 3C and 4). In steroid-treated subjects, CCL5
immunoreactivity was less than in the placebo group (Fig.
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3C and 4). By contrast, the CCL11 immunoreactivity was
of the same magnitude in placebo- and budesonide-
treated individuals (Fig. 3D).

Discussion
The present findings involving human airways indicate
that established allergic eosinophilic inflammation are
reduced by therapeutic steroid intervention already five
days after institution of treatment. We further demon-
strate a degree of selectivity in the steroid action in that
tissue CCL5 expression, but not CCL11, is reduced by
budesonide along with its attenuating effects on tissue
eosinophilia. In view of the established dogma [2-4] it
was most surprising that apoptotic eosinophils are not
detected in the airway tissues at ongoing, spontaneous or
drug-induced, resolution of the allergic airway inflamma-
tion. However, the present data obtained in a validated
model of human allergic rhinitis agree with previous
observations in vivo on early resolution of eosinophilic
inflammation in steroid-treated allergic animals.

Except for observations in animal models [8] there was
little prior information regarding early resolution of aller-
gic eosinophilic airways disease in vivo. This study thus
produced new data on the action of airway corticoster-
oids on eosinophilic inflammation in human airway tis-
sues in vivo. Exit of inflammatory cells and proteins into
the airway lumen may be a mode of elimination of these
players from the inflamed tissue [9]. During resolution,
increased inflammatory indices on the mucosal surface
may thus be associated with corresponding reductions of
the same indices in the diseased airway tissue. This com-
plicates the interpretation of lavage fluid data in this
study. Hence, the present focus was on airway tissue indi-
ces. Since the present model has a demonstrated consis-
tency at repeated studies of symptom development and
treatment effects of allergic rhinitis [19,20], we resorted

to one biopsy occasion only and parallel group analyses.
This was also done to avoid too much discomfort by the
biopsy procedures and prevent dropouts. An additional
consideration was that the institution of treatment had to
be optimal to pick up early phase resolution effects and at
the same time allow for a slow onset of action of the ste-
roid treatment. This is a field where helpful precedents
are scarce. As it turned out in this study, the tissue indices
of eosinophilic inflammation clearly remained present in
the placebo-treated subjects whereas biopsies obtained
from the steroid-treated group exhibited signs of a reso-
lution that was speeded up compared to the placebo
group of patients. At allergen exposure, individuals with
allergic asthma or allergic rhinitis may loose epithelial
cells and the ensuing epithelial restitution processes
involve increased cell proliferation [24]. It can further be
expected that ongoing inflammatory processes will
increase a general occurrence of cell apoptosis in the
affected airway tissue. The present finding of a reduced
number of apoptotic cells in airway tissues receiving ther-
apeutic steroids thus tallies with an overall anti-inflam-
matory efficacy of institution of the steroid treatment [7].

It has been widely assumed that apoptosis of airway tis-
sue eosinophils would be increased by corticosteroid
treatment [2-4]. Inducement of eosinophil apoptosis (fol-
lowed by a postulated efficient engulfment of the apop-
totic eosinophils) has thus been advocated as a major
pharmacological mechanism to bring about resolution of
airway eosinophilic inflammation [2-4]. By contrast, ani-
mal in vivo data have scarcely supported a role of apopto-
sis in the pharmacology of eosinophil elimination [6,8].
Thus, similar to the present findings, apoptotic eosino-
phils have not been unequivocally detected in steroid-
treated allergic airway tissues in vivo. Such negative data
are strengthened by the concomitant demonstration, as
in this study, that other types of apoptotic cells are

Table 1: Nasal symptom scores and cytokine levels in nasal lavage fluid.

Treatment

Placebo
(n = 11)

Budesonide
(n = 10)

p-value

Symptoms

- Morning TNSS 1.0 (1.0) 1.0 (2.0) 0.48

Nasal lavage

- CCL5 (pg/ml) 8.5 (9.0) 10.0 (27.6) 0.14

- CCL11 (pg/ml) 8.8 (4.5) 11.0 (13.1) 0.17

Median (IQR) total nasal symptom scores, and lavage fluid levels of CCL5 (RANTES) and CCL11 (eotaxin) on Study day 10 of the second 
treatment series, i.e., on the day the biopsies were obtained. Data were analysed using the Mann Whitney test (unpaired comparisons). No 
statistically significant differences were observed between the treatments.
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observed in the allergic tissues. The present observations
are remarkable because we examined a phase where the
likelihood of eosinophil apoptosis should be the greatest
both in spontaneous and drug-induced resolution. Our
data may explain the scarcity of publicised reports on
eosinophil apoptosis in airway biopsies including the lack
of confirmation of a reported insignificant trend at ste-
roid-induced increased eosinophil apoptosis in asthma
[4]. Furthermore, the present observations question the
support that the current dogma is getting by reference to
reports on occurrence of apoptotic eosinophils in the
lumen of diseased airways [4]. Indeed, airway lumen find-
ings in this case have little relevance because apoptotic
cells in the airway tissue cannot migrate and can, there-
fore, not be revealed in airway lumen samples. It is at
present unclear if apoptosis of tissue eosinophils is a
desirable drug action since poor engulfment of these cells
may aggravate airway allergic inflammation [25]. A poor
engulfment in vivo would further mean that apoptotic
eosinophils, when they occur in the tissue, should be
readily detected. Hence, we suggest that the present neg-
ative observations reflect true rarity of eosinophil apop-
tosis in spontaneously resolving as well as in
corticosteroid-treated human nasal allergic airway tis-
sues.

The present negative data on occurrence of apoptotic
eosinophils in the airway tissue at resolution of inflam-
mation support the possibility that airway tissue eosino-
phils can be swiftly and non-injuriously eliminated
through egression into the airway lumen [9]. In the lower
airways, egressed cells would be mixed with plasma exu-
dates and airway secretions and removed by the mucocil-
iary escalator. Removal of inflammatory cells on the
airway surface would be even more functional in the
nasal passages since final elimination, through swallow-
ing or blowing of the nose, is prompt and relatively
uncomplicated. Animal data suggest that corticosteroid
treatment does not prevent but may permit the egression
of eosinophils into the airway lumen [8]. In the present
study, it was considered impractical to collect all nasal
outputs during several days and nights to try and calcu-
late egression of eosinophils during the post challenge
period. However, the finding that subepithelial eosino-
philia tended to be reduced more than the epithelial
eosinophilia is compatible with the steroid treatment per-
mitting traffic of eosinophils towards the lumen in air-
ways with resolving eosinophilia.

The reduced eosinophilia in the corticosteroid group
would in part reflect reduced recruitment of these cells
during the period of steroid treatment. Although many
locally present eosinophil chemoattractants might con-
tribute, CCL5 and CCL11 have been pointed out as two
major chemokines involved in recruiting circulating
eosinophils to allergic airway tissues [26]. The present

Figure 2 Airway tissue eosinophilia in nasal biopsies during reso-
lution phase The total number of eosinophils in nasal biopsies was re-
duced after budesonide treatment (A). Eosinophils localised in the 
epithelial lining was not significantly reduced by budesonide treat-
ment (B). The reduction was more pronounced in the subepithelial tis-
sue (lamina propria; C). Data presented is mean ± SEM. (* Denotes p < 
0.05 and ** denotes p < 0.01).
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demonstration of a reduced expression of CCL5, occur-
ring simultaneously to the reduced tissue eosinophilia,
suggests that CCL5, with its proposed roles in eosinophil
and lymphocyte recruitment, can be of special impor-
tance as pharmacological target. It is also possible that
disappearance of CCL5 from the tissue could have con-
tributed to migration of eosinophils into the airway
lumen [27]. Currently entertained molecular actions of
the anti-inflammatory steroids suggest that these drugs
exert non-selective inhibition of the generation of inflam-
matory chemokines [26]. Hence, the mechanism behind
the particular in vivo anti-CCL5 action of corticosteroids
in mouse [8] and human (this study) allergic airways

remains mechanistically challenging. Other selective
actions of steroids have been demonstrated previously
including observations that steroid treatment, despite its
potent anti-inflammatory effects, may spare leukocyte
and microvascular innate responses mobilised in relation
to epithelial repair [28] and microbial defence [29]. The
present inhibition of CCL5 and the association between
increase in airway CCL5 and deterioration of asthma at
stopping steroid treatment [17] support the view that this
protein may have a central role in maintaining inflamma-
tory processes in rhinitis and asthma.

We conclude that institution of nasal steroid treatment
in subjects with established symptoms of allergic rhinitis

Figure 3 Apoptotic and proliferating cells, and CCL5 and CCL11 staining in whole nasal biopsies at resolution of allergic inflammation. Oc-
currence of apoptotic cells in the tissue quantified by TUNEL-technique (A) and occurrence of proliferating cells in the epithelium stained using the 
proliferating marker Ki67 and quantified in the epithelium and expressed as cells/0.1 mm basement membrane length (B) of nasal biopsies. Average 
integrated Optical Density (IOD) times the calculated stained area (μm2) reflects the occurrence of CCL5 (C) and CCL11 (D) immunostaining in nasal 
biopsies. Data presented is mean ± SEM. (* Denotes p < 0.05.)
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reduces tissue indices of allergic eosinophilic inflamma-
tion within five days. Our data support a role of inhibition
of CCL5-dependent cell recruitment, but challenge the
dogma that eosinophil apoptosis is involved in corticos-
teroid-induced resolution of allergic airway inflamma-
tion.
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Figure 4 Staining for CCL5 in whole nasal biopsies during resolution of established inflammation Representative photomicrographs showing 
CCL5 immunoreactivity in the cytoplasm of cells (brown stain) counterstained with heamatoxylin (blue stain) in negative control placebo-treated in-
dividual (A) and placebo-treated (B) and steroid treated individual showing less brown staining compared to placebo treatment (C). Black scale equals 
50 μm.

http://respiratory-research.com/content/11/1/54
http://creativecommons.org/licenses/by/2.0


Uller et al. Respiratory Research 2010, 11:54
http://respiratory-research.com/content/11/1/54

Page 9 of 9
References
1. Barnes ML, Menzies D, Fardon TC, Burns P, Wilson AM, Lipworth BJ: 

Combined mediator blockade or topical steroid for treating the unified 
allergic airway.  Allergy 2007, 62(1):73-80.

2. Haslett C: Granulocyte apoptosis and its role in the resolution and 
control of lung inflammation.  Am J Respir Crit Care Med 1999, 160(5 Pt 
2):S5-11.

3. Vignola AM, Chiappara G, Gagliardo R, Gjomarkaj M, Merendino A, Siena L, 
Bousquet J, Bonsignore G: Apoptosis and airway inflammation in 
asthma.  Apoptosis 2000, 5(5):473-485.

4. Druilhe A, Letuve S, Pretolani M: Glucocorticoid-induced apoptosis in 
human eosinophils: mechanisms of action.  Apoptosis 2003, 
8(5):481-495.

5. Walsh GM: Defective apoptotic cell clearance in asthma and COPD--a 
new drug target for statins?  Trends Pharmacol Sci 2008, 29(1):6-11.

6. Ikeda RK, Nayar J, Cho JY, Miller M, Rodriguez M, Raz E, Broide DH: 
Resolution of airway inflammation following ovalbumin inhalation: 
comparison of ISS DNA and corticosteroids.  Am J Respir Cell Mol Biol 
2003, 28(6):655-663.

7. Uller L, Persson CG, Kallstrom L, Erjefalt JS: Lung tissue eosinophils may 
be cleared through luminal entry rather than apoptosis: effects of 
steroid treatment.  Am J Respir Crit Care Med 2001, 164(10 Pt 
1):1948-1956.

8. Uller L, Lloyd CM, Rydell-Tormanen K, Persson CG, Erjefalt JS: Effects of 
steroid treatment on lung CC chemokines, apoptosis and 
transepithelial cell clearance during development and resolution of 
allergic airway inflammation.  Clin Exp Allergy 2006, 36(1):111-121.

9. Uller L, Persson CG, Erjefalt JS: Resolution of airway disease: removal of 
inflammatory cells through apoptosis, egression or both?  Trends 
Pharmacol Sci 2006, 27(9):461-466.

10. Erjefalt JS, Uller L, Malm-Erjefalt M, Persson CG: Rapid and efficient 
clearance of airway tissue granulocytes through transepithelial 
migration.  Thorax 2004, 59(2):136-143.

11. Linden M, Svensson C, Andersson E, Andersson M, Greiff L, Persson CG: 
Immediate effect of topical budesonide on allergen challenge-induced 
nasal mucosal fluid levels of granulocyte-macrophage colony-
stimulating factor and interleukin-5.  Am J Respir Crit Care Med 2000, 
162(5):1705-1708.

12. Southam DS, Ellis R, Wattie J, Young S, Inman MD: Budesonide prevents 
but does not reverse sustained airway hyperresponsiveness in mice.  
Eur Respir J 2008, 32(4):970-978.

13. Holgate ST, Bodey KS, Janezic A, Frew AJ, Kaplan AP, Teran LM: Release of 
RANTES, MIP-1 alpha, and MCP-1 into asthmatic airways following 
endobronchial allergen challenge.  Am J Respir Crit Care Med 1997, 
156(5):1377-1383.

14. Ying S, Meng Q, Zeibecoglou K, Robinson DS, Macfarlane A, Humbert M, 
Kay AB: Eosinophil chemotactic chemokines (eotaxin, eotaxin-2, 
RANTES, monocyte chemoattractant protein-3 (MCP-3), and MCP-4), 
and C-C chemokine receptor 3 expression in bronchial biopsies from 
atopic and nonatopic (Intrinsic) asthmatics.  J Immunol 1999, 
163(11):6321-6329.

15. Rajakulasingam K, Hamid Q, O'Brien F, Shotman E, Jose PJ, Williams TJ, 
Jacobson M, Barkans J, Durham SR: RANTES in human allergen-induced 
rhinitis: cellular source and relation to tissue eosinophilia.  Am J Respir 
Crit Care Med 1997, 155(2):696-703.

16. Zhu J, Qiu YS, Majumdar S, Gamble E, Matin D, Turato G, Fabbri LM, Barnes 
N, Saetta M, Jeffery PK: Exacerbations of Bronchitis: bronchial 
eosinophilia and gene expression for interleukin-4, interleukin-5, and 
eosinophil chemoattractants.  Am J Respir Crit Care Med 2001, 
164(1):109-116.

17. Castro M, Bloch SR, Jenkerson MV, DeMartino S, Hamilos DL, Cochran RB, 
Zhang XE, Wang H, Bradley JP, Schechtman KB, et al.: Asthma 
exacerbations after glucocorticoid withdrawal reflects T cell 
recruitment to the airway.  Am J Respir Crit Care Med 2004, 
169(7):842-849.

18. Persson CG, Svensson C, Greiff L, Anderson M, Wollmer P, Alkner U, Erjefalt 
I: The use of the nose to study the inflammatory response of the 
respiratory tract.  Thorax 1992, 47(12):993-1000.

19. Ahlstrom Emanuelsson C, Andersson M, Persson CG, Thorsson L, Greiff L: 
Effects of topical formoterol alone and in combination with 
budesonide in a pollen season model of allergic rhinitis.  Respiratory 
medicine 2007, 101(6):1106-1112.

20. Ahlstrom-Emanuelsson C, Persson CG, Svensson C, Andersson M, Hosszu 
Z, Akerlund A, Greiff L: Establishing a model of seasonal allergic rhinitis 
and demonstrating dose-response to a topical glucocorticosteroid.  
Ann Allergy Asthma Immunol 2002, 89(2):159-165.

21. Greiff L, Pipkorn U, Alkner U, Persson CG: The 'nasal pool' device applies 
controlled concentrations of solutes on human nasal airway mucosa 
and samples its surface exudations/secretions.  Clin Exp Allergy 1990, 
20(3):253-259.

22. Uller L, Andersson M, Greiff L, Persson CG, Erjefalt JS: Occurrence of 
apoptosis, secondary necrosis, and cytolysis in eosinophilic nasal 
polyps.  Am J Respir Crit Care Med 2004, 170(7):742-747.

23. Ivarsson K, Myllymaki L, Jansner K, Bruun A, Stenram U, Tranberg KG: Heat 
shock protein 70 (HSP70) after laser thermotherapy of an 
adenocarcinoma transplanted into rat liver.  Anticancer Research 2003, 
23(5A):3703-3712.

24. Persson CG, Erjefalt JS, Erjefalt I, Korsgren MC, Nilsson MC, Sundler F: 
Epithelial shedding--restitution as a causative process in airway 
inflammation.  Clin Exp Allergy 1996, 26(7):746-755.

25. Uller L, Rydell-Tormanen K, Persson CG, Erjefalt JS: Anti-Fas mAb-induced 
apoptosis and cytolysis of airway tissue eosinophils aggravates rather 
than resolves established inflammation.  Respir Res 2005, 6:90.

26. Lloyd C: Chemokines in allergic lung inflammation.  Immunology 2002, 
105(2):144-154.

27. Taguchi M, Sampath D, Koga T, Castro M, Look DC, Nakajima S, Holtzman 
MJ: Patterns for RANTES secretion and intercellular adhesion molecule 
1 expression mediate transepithelial T cell traffic based on analyses in 
vitro and in vivo.  J Exp Med 1998, 187(12):1927-1940.

28. Erjefalt JS, Erjefalt I, Sundler F, Persson CG: Effects of topical budesonide 
on epithelial restitution in vivo in guinea pig trachea.  Thorax 1995, 
50(7):785-792.

29. Zhang N, Truong-Tran QA, Tancowny B, Harris KE, Schleimer RP: 
Glucocorticoids enhance or spare innate immunity: effects in airway 
epithelium are mediated by CCAAT/enhancer binding proteins.  J 
Immunol 2007, 179(1):578-589.

doi: 10.1186/1465-9921-11-54
Cite this article as: Uller et al., Early phase resolution of mucosal eosinophilic 
inflammation in allergic rhinitis Respiratory Research 2010, 11:54

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17156345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10556161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11256890
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12975579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18054798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12760963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11734451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16393273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16876880
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14760154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11069800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18508821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9372648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10570327
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9032215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11435248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14726420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1494783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17215115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12197572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2364306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15229095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14666667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8842547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16086832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11872089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9625753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7570417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17579079


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


