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Introduction

Allergic inflammation is caused by a T-cell-depend-
ent activation of a complex cellular network, includ-
ing B cells, eosinophils, mastcells and basophils.
From early observations that atopy was associated
with an abnormality of T cells (1), subsequent re-
search showed that this abnormality corresponded
to a shift in the balance between two lymphocyte
subsets i.e. from a Thl to a Th2 cell preponderance
(2). These two subsets of lymphocytes can be identi-
fied by different profiles regarding cytokine secre-
tion. Secretion of interferon-y (IFN-Y) is often used
as a marker of Thl cell activity and interleukin-4
(IL-4) as a marker of Th2 cells although these two
cytokines can also be produced by several other
types of cells. Since IFN-y is produced by and stim-
ulates Thl cells and inhibits Th2 cell activity and
the opposite is true for IL-4 (3) these cytokines are
particularly well suited as markers for the determi-
nation of the Th1/Th2 balance. Although the general

Allergic rhinitis is a particularly good model for studies of cytokine pro-
duction in vivo. In this study the occurrence of the cytokines IL-4, IL-5,
IL-10 and IFN-y as well as the soluble receptor for [L-4 in nasal lavage flu-
ids were assayed in 38 school children, with seasonal allergic rhinitis, and
19 healthy age-matched, non-atopic controls, using highly sensitive en-

1L-4 levels in patients with seasonal allergic rhinitis were markedly in-
creased in comparison with those in non-atopic controls or in atopic pa-
tients before the start of the pollen season. In controls, but not in the atopic
patients, levels of IFN-y and IL-5 were significantly higher in specimens
obtained during the pollen season than in those obtained outside the sea-
son. The IL-4/IFN-y ratios were significantly higher in atopic than in non-
atopic subjects and further increased in atopic patients during the season.
In addition to IL-4, elevated levels of IL-10 were observed in association
with seasonal rhinitis. Following treatment with a topical steroid (budeso-
nide) there was a statistically significant increase of the levels of soluble

These findings indicate that nonatopic and atopic individuals react to pol-
len exposure with distinct cytokine patterns in agreement with the Th1/
Th2 concept. Topical steroids may possibly decrease inflammation by in-
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validity of the Th1/Th2 concept has been questioned
(4, 5) it still seems justifiable to characterize im-
mune responses as being Thl1- or Th2-like (6).

The clinical relevance of the Th1/Th2 concept in
atopic allergy is supported by many studies. Thus,
increased serum levels of IL-4 in allergic patients
have been observed (7-9) and stimulation of periph-
eral blood mononuclear cells from atopic individu-
als with appropriate allergens results in higher levels
of IL-4 and lower levels of IFN-y than those ob-
served after stimulation of cells from non-atopic in-
dividuals (10, 11). However, it should be stressed
that Th-1 and Th-2 cells as well as IL-4 and IFN-y
are parts of complex networks that involve many
other cells and cytokines and also soluble receptors
which modulate the effects of the cytokines. For ex-
ample, the effects of IL-4 may be inhibited by the
soluble IL-4 receptor (IL-4sR). The clinical rele-
vance of this inhibition as well as the importance of
IL-4 is shown by the results of phase I and I trials in
which IL-4sR is used as an antiasthmatic drug (12).
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Allergic rhinitis is a particularly good model for
studies of the Th1/Th2 concept in vivo, since the cy-
tokines can be determined locally, in nasal lavage
fluid. Important aspects that can be studied are the
cytokine response before and during the pollen sea-
son in both atopic and healthy individuals, as well as
the effects of treatment with, for example, topical
steroids.

Recently developed ultrasensitive immunoassays
for the determination of cytokines in body fluids al-
low accurate measurement of cytokines, including
those that occur in very low concentrations. Using
such assays the aims of our study were to investi-
gate the occurrence of IL-4, IL-4sR, IL-5, IL-10 and
IFN-v in nasal fluid from patients with seasonal al-
lergic rhinitis before and during symptoms, as well
as after treatment with topical steroids (budesonide)
and in healthy controls before and during the pollen
season.

Materials and methods
Subjects

The subjects included 38 patients with seasonal al-
lergic rhinitis aged 12 to 20 years and 19 healthy
nonatopic controls aged 13 to 19 years. Eighteen of
the patients and eight of the controls were girls. Al-
lergic rhinitis was defined by a positive history of
seasonal symptoms and a positive skin prick test to
either birch pollen or timothy pollen or both. Skin
prick testing was performed on the volar side of one
arm according to the “Nordic Guidelines”. Solu-
prick 10 Hep (ALK, Hgrsholm, Denmark) was used
and normal saline was used as a negative control
and histamine dihydrochloride 10 mg/mL served as
positive control. The test was considered positive
when the wheal was at least 50% of the area of the
wheal induced by histamine dihydrochloride 10 mg/
mL (13). Eleven subjects had a positive reaction
against birch pollen, six against timothy and 21
against both. Two patients with positive history but
negative skin tests and three, who refused skin tests,
were excluded from the study.

The control subjects had no history whatsoever of
seasonal or perennial rhinitis, asthma, atopic derma-
titis or urticaria and they were all symptom-free and
received no medication. The controls were not skin
prick-tested. However, the lack of history of atopy
together with the total absence of eosinophils in na-
sal lavage fluid from these children (see below) was
considered to indicate that they were truly nonatopic.

Twenty of the patients were on medications as
part of their regular treatment; 13 were treated with
antihistamines immediately prior to and during the
pollen season, one with topical sodium cromogly-
cate only and six with both drugs. For ethical rea-
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sons these patients were not asked to discontinue
their medications, to comply with study purposes.
Patients continuously treated with topical or system-
ic steroids were not included in the study, however,
since evaluation of the cytokine response in relation
to steroids was one of the aims of the study. Skin
tests were performed outside the pollen season and
none of the subjects were then treated with antihis-
tamines at the time of the testing.

Local pollen counts in the air were determined dai-
ly by the Department of Botany at Géteborg Univer-
sity during the whole birch and grass pollen seasons.

Study design

Patients and healthy control subjects were prospec-
tively enrolled from two schools in Goteborg, Swe-
den during the Spring 1996. Informed consent was
obtained from both the subjects and the parents. The
study was approved by the Ethics Committee of
Goteborg University.

Before the season nasal lavage samples were ob-
tained from 19 healthy controls and from 22 symp-
tom-free patients. The patients were asked to return
as soon as possible when rhinitis occurred to give
new nasal lavage fluids. In addition 16 new patients
with rhinitis were recruited during the pollen sea-
son. The median (range) duration of symptoms be-
fore start of steroid therapy was 1.5 (1-14) days.
Treatment with budesonide nasal spray 100 pg in
each nostril b.i.d. and if needed levocabastin eye-
drops 0.5 pg/mL 1-2 drops in each eye b.i.d. was
then initiated. Thirty-three of these patients subse-
quently gave a final nasal lavage sample within a
median (range) of 7 (1-21 days).

All subjects were asked to mark their symptoms
(sneezing, rhinorrhoea, congestion and itching) on a
visual analogue scale of 10 cm. These values were
measured and added to a total symptom score. The
maximum obtainable score was 40.

Collection of nasal lavage fluid

The subjects were asked to exhale forcefully
through the nose to clear excess mucous. Nasal lav-
age fluid was then obtained using a disposable me-
tered-dose pump filled with 6 mL of sterile normal
saline solution at room temperature. Each activation
delivered 50 pl of the solution. The saline solution
was aerosolized into each nostril, while alternately
occluding the other. The nasal washings were then
allowed to return passively and were collected in a
specimen cup. The aim was to recover 3 mL in each
patient but this was not possible in all cases. The
median volume of introduced fluid was 4 (3.5-6)
mL. The median recovered fluid was 3 (1-4.5) mL.
The study was based on recovered rather than intro-



duced volumes (14). The samples were immediately
placed in iced water. Within three hours the samples
were centrifuged at 2500 rpm at —4°C, for 10 min-
utes. The supernatant was separated from the pellet
and stored at —70°C. The pellet was resuspended in
50 pL of Ringer’s solution. Slides were prepared
and stained according to the Giemsa method. The
percentage of eosinophils out of total of 100 cells/
slide was then computed.

Cytokine assays

All cytokines, except IFN-y, were assayed by means
of immunoassay Kkits obtained from R&D Systems.
Regular ELISA kits (Quantikine) for IL.-4sR and IL-
5 and assays with improved sensitivity (Quantikine
HS) for IL-4 and IL-10 were used (R & D Systems,
Minneapolis, MN, USA).

All the above assays had, according to the manu-
facturer, undergone extensive testing with a multi-
tude of different cytokines to ensure absence of
crossreactivity with other molecules. The assay for
IL-4sR has been tested by the manufacturer for in-
terference from IL-4. At IL-4 concentrations < 15
ng/mL no interference was found. Similarly the as-
say for IL-4 was tested for interference from IL-
4sR. At IL-4sR concentrations < 50 ng/mL no inter-
ference was found.

IFN-y was measured by an ELISA test using
monoclonal antibodies, purchased from MABTECH
AB, Stockholm, Sweden. The assay was performed
as described by the manufacturer (15). The specifi-
city of this test was ensured after cross-testing with
different cytokines.

Validation experiments in our laboratory showed
that all assays employed had a very high sensitivity
and inter and intra assay variations were generally
low except when very low cytokine concentrations
were measured. To avoid errors due to this fact the
sensitivity limits of the tests were set at levels that in
some cases were higher than those given by the
manufacturer. Thus, the sensitivity limits were set at
7.5,0.5, 0.5, 0.25 and 0.1 pg/mL for IFN-y, IL-4sR,
IL-5, IL-4 and IL-10, respectively. For calculation
of ratios all concentrations of IL-4 less than 0.25 pg/
mL were assigned a value of 0.25 and all IFN-y con-
centrations below 7.5 pg/mL a value of 7.5. By
choosing comparatively high sensitivity limits, the
confounding effects of high variability at low cy-
tokine concentration on statistical calculations could
thus be minimized.

Correlations between cytokine levels, symptom scores and
pollen counts

In the birch and grass pollen allergic patients cy-
tokine levels and symptom scores were correlated to
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the birch and grass pollen counts, respectively. In
patients who had both birch and grass pollen sensi-
tivity, cytokine levels and symptom scores were cor-
related to the counts of the particular pollen that was
the highest one on the day when the sample was col-
lected. In the part of Sweden where the study was
conducted, the birch pollen season occurs from late
April through the first half of May, while the grass
pollen season starts in late May/early June. In the
controls, who all lacked specific allergy, correla-
tions were calculated between cytokine levels and
the total as well as the predominant pollen counts.

Statistics

Results are given as the median (range) of the cy-
tokine values in pg/mL. The Kruskal-Wallis test was
used to test differences between the groups and the
Spearman rank correlation test to determine the cor-
relations. p-values < 0.05 were considered statisti-
cally significant.

Results
Pollen counts

The median (range) birch pollen (Betula) counts
were 23 (0-1338) counts/m? air and grass pollen
(Poacae) counts were 0.5 (0-11) counts/m3 air dur-
ing the study period.

Eosinophils and symptom scores

No eosinophils were found in nasal lavage fluid
from healthy controls before or during the pollen
season. In allergic patients the median percentage of
eosinophils was significantly higher in symptomatic
than in asymptomatic patients (14 (0—60) and 0 (0-
10), respectively; p < 0.001). After treatment with
budesonide the eosinophils decreased to 0 (0-28)
percent (p < 0.001 for difference between treated
and untreated patients).

All controls were asymptomatic. The median
(range) symptom scores of the allergic patients be-
fore the pollen season, during the season and after
budesonide treatment were O (0-2), 20 (4-36) and
4.5 (0-36.5), respectively.

Cytokine levels in nasal fluids of control children

Some of the cytokines studied appeared to be pro-
duced constitutively since they occurred in detect-
able quantities in individuals who were healthy and
had no signs of rhinitis. Thus, IFN-y, IL-4sR and IL-
5 occurred in median concentrations of about 8, 3
and 1, pg/mL respectively in non-atopic children
(Table 1).
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Fig. 1. Cytokine levels in nasal fluids of children with seasonal
rhinitis in relation to controls. Bars indicate percentage value of
cytokine level in nasal fluid from patients with rhinitis in relation
to levels found in control children sampled during the pollen sea-
son (* = p <0.05 and ** = p < 0.01, Kruskal-Wallis test).

A comparison between cytokine levels in nasal
fluid before and during the pollen season showed
that there was a statistically significant rise of the
levels of IFN-y and IL-5 during the pollen season
(Table 1). IFN-y concentrations showed a good cor-
relation to total pollen counts in the air (r = 0.6; p <
0.001). Although the correlation between IL-5 and
total pollen count was non-significant, IFN-y as well
as IL-5 levels correlated significantly to the birch
pollen count (p < 0.05 and p < 0.01, respectively;
both r-values = 0.5).

Cytokine levels in nasal fluids of children with seasonal rhinitis

Children with ongoing rhinitis had significantly in-
creased levels of IL-4 (p < 0.01) and IL-10 (p <
0.05) as compared to control children tested during
the pollen season (Fig. 1).

The median levels of IFN-y were significantly
lower in children with rhinitis than those in non-at-

Table 1. Nasal lavage fluid cytokines in healthy controls, before and during pollen
$eason

iL-4 IFN-y IL-4sR L5 IL-10

Before season (N = 19)

median (pg/mb) 03 75 30 13 <01
range <025-14 <7580 <05-140 <05-175 <0.1-1.1
Season (N=9)

median {pg/mL) .25 15.0* 10 6.5* <01
range 02506 75280 <0525 10-240 <0118

* p <0.05, Kruskal-Wallis test.
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opic children sampled during the pollen season (9
vs. 15 pg/ml, p <0.01) (Tables 1, 2 and Fig. 1).

A comparison between cytokine levels in nasal
samples obtained from the atopic children before
and during the pollen season revealed a significant
rise of the IL-4 level during the season (Table 2). IL-
4 correlated to eosinophil counts in nasal lavage flu-
id (r = 0.4, p < 0.001), to specific pollen counts (r =
0.3, p < 0.05) and to symptom scores (r = 0.4, p <
0.001). As expected IL-5 levels correlated to eosin-
ophil counts in nasal lavage fluid (r = 0.4, p < 0.01).
There were no significant differences in IL-4, [FN-y
and IL-4sR levels between untreated patients or pa-
tients treated with antihistamines or cromolyn.

Cytokine levels in steroid-treated children with seasonal rhinitis

Generally, differences in cytokine levels between
treated and non-treated children with rhinitis were
modest. However, as seen in Table 2, IL-4sR levels
were significantly higher in the treated patients than
in the nontreated children.

IL-4/IFN-y ratios in nasal fluids of healthy controls and patients

The geometric mean values of the IL-4/IFN-y quo-
tients were higher in all groups of atopic patients
than in the controls. Strongly elevated values were
observed in both untreated and steroid-treated pa-
tients with rhinitis, but were also found in some pa-
tients outside the pollen season when asymptomatic
(Fig. 2). The highest quotient value observed among
the controls was 70x10-3. Values exceeding this
were found in 18% of the patients pre-seasonally, in
54% during the season and in 31% of those treated
with budesonide. The differences between patients
in season and controls as well as between patients
during and outside the season were statistically sig-
nificant (p < 0.001 and p < 0.01, respectively). By
contrast, the difference between untreated and
budesonide-treated patients was not statistically sig-
nificant and, likewise, the lower mean ratio found in
controls during the pollen season was not signifi-
cantly different from that found in these subjects be-
fore the pollen season.

Discussion

Cytokines in allergic rhinitis have been studied in
investigations based on both natural and provoked
rhinitis using a variety of methods (16). Using en-
zyme immunoassays, increases in the concentra-
tions in nasal fluid of cytokines like IL-5, IL-6,
TNF-o. and GM-CSF have been described, whereas
IL-4, IL-10 and IFN-y have escaped detection in
these studies (17—20). This may be due to low sensi-
tivities of the assays used. With the aid of other
methods such as immunofluorescence or measure-
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Fig. 2. 1L-4/IFN-yratios in nasal 3000 . p <0.001 .
fluids from allergic and non- 9
allergic individuals. The IL4/ —p<001 :
IFN-y quotients in healthy 10004 o, s
controls before and during
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season and on budesonide are T . o
indicated. Statistically = . 3 .
significant differences are E 1004 . —_—— ;
indicated (Kruskal-Wallis test). $ ete . .. e ——
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recorded among the controls). .
1 1 1 1 1 1 1
Healthy controls Patients Patients Budesonide
before during before during treated
pollen season pollen season patients
n: 19 9 22 37 32
%>70x10%: 0 0 18 54 31

ment of mRNA transcripts following reverse tran-
scription polymerase chain reaction, it has been pos-
sible to measure the production of both IL-4 and
IFN-y from nasal cells (21, 22). Although such
methods do not allow any accurate quantification of
cytokines, important information has been obtained
following their use in allergic rhinitis. Thus, in-
creased production of IL-4, but little or no IFN-y
from mucosal lymphocytes has been observed in al-
lergic rhinitis.

In the present study the most prominent findings
were the increased IL-4 and IL-10 levels in patients

Table 2: Nasat lavage fluid cytokines in atopic patients before and during pollen sea-
son and after treatment with budesonide

IL-4 IFN-y IL-4sR IL-5 IL-10
Before the pollen season
median (pg/mL) 0.3 15 30 40 <01
range «025-30 <75-550 <05-230 07-119 <0.1-20
n 2 22 12 12 13
During the pollen season
median (pg/mb)  1.0%** 89 36 50 05
range 0.25-160 <75565 <05300 <5165 <0.1-5.1
n K7 3 36 36 37
Budesonide treated
median (pg/mL}) 06 120 9.5 78 04
range <0.25-160 <75-470 <05-500 <05-190 <0.1-23
n 33 32 33 3 33

*EH

p<0.001, Kruskal-Wallis test, symptomatic compared to asymptomatic pa-
tients.

**p<0.01, Kruskal-Wallis test, budesonide treated compared to symptomatic pa-
tients.

with seasonal allergic rhinitis. IL-4 levels correlated
to pollen counts, eosinophils in nasal fluids and to
symptom scores. In contrast to elevation of IL-5,
which was also observed in non-atopic individuals
during the pollen season, the increase of IL-4 was
specific to atopics. Elevated IL-4 in allergic rhinitis
has also been found by others using immunofluores-
cence or determination of cytokine mRNA (21, 23,
24, 25). The present study allowed, because of the
ultrasensitive methodology, very accurate determi-
nation of IL-4 concentrations and thereby also of the
relationships between the levels of IL-4 and other
cytokines. It should be noted that overexpression of
IL-4 in transgenic mice results in inflammation and
tissue damage (26). Therefore, it seems possible that
IL-4 may evoke pathogenic effects, that result in
rhinitis, but are independent of the ability of the cy-
tokine to stimulate IgE synthesis.

We found no significant increase of IFN-y in
symptomatic allergic patients and the levels of this
cytokine were in fact similar to those found in
healthy controls outside the pollen season. During
the pollen season, however, the controls reacted
with increased IFN-y and the levels of this cytokine
correlated to pollen counts. In vitro studies have
shown higher production of IFN-y from peripheral
blood mononuclear cells from non-atopic than atop-
ic subjects upon stimulation with allergen (10, 11).
In studies of nasal provocation challenge of atopic
individuals with ragweed allergen and diesel ex-
haust particles Diaz-Sanchez and Saxon (27) found
decreased accumulation of IFN-y mRNA, whereas
transcripts of IL-4 and other Th2 cytokines were in-
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creased following challenge. Together with the
present findings, these results suggest that IFN-y
production is less easily induced in atopic than in
nonatopic individuals following allergen stimula-
tion.

In addition to increased IFN-y concentrations, the
controls showed significantly increased IL-5 levels
during the birch pollen season, and both IL-5 and
IFN-y showed significant correlation to the birch
pollen counts. This raises the question whether pol-
len may have a non-specific stimulatory effect on
cytokine release. In this context it is interesting to
note that birch pollen in early studies was found to
have an adjuvant effect on antibody formation (28).

The balance between IL-4 and IFN-y may be cru-
cial for the development of allergic inflammation. In
our symptomatic patients the increase in IL-4 and
essentially unchanged levels of IFN-y certainly re-
sulted in increased IL-4/IFN-v ratios. In fact, 54% of
the patients during the pollen season and 18% out of
season had ratios of IL-4/IFN-y that exceeded the
highest value observed in any of the healthy control
children. The increased IL-4/ IFN-y ratio that we
have observed in nasal fluid of atopic individuals is
clearly an analogue of what has been obtained in
cell cultures using stimulation with a variety of al-
lergens (10, 11). Furthermore, the results are also in
agreement with those obtained using semiquantita-
tive measurements of cytokines in nasal cells (21,
22,27).

It thus appears that the increased IL-4/IFN-y ratio
in nasal lavage is a hallmark of allergic rhinitis and
certainly in agreement with findings in atopy in gen-
eral. Although present in the atopic individuals
when asymptomatic, it increases in association with
the development of allergic symptoms. It is not clear
whether the IL-4/TFN-y imbalance in atopy is due to
an increased ability to produce IL-4 or to a de-
creased ability to produce IFN-y. In this context it
seems important, however, that a reduced ability of
blood cells of newborn babies to produce IFN-y is
predictive of later development of atopic sensitiza-
tion (29, 30). On the other hand, infants, who later
develop atopy may have elevated serum levels of
IL-4 at a very young age (9). IFN-y and IL-4 are
mutually inhibitory and it is possible that the low
IFN-v and high IL-4 in allergic patients may be sec-
ondary to some underlying disturbance in the bal-
ance or regulation of T cell subsets, rather than to an
inherent decreased or increased capacity to produce
either cytokine.

In addition to a rise in IL-4 we also found signifi-
cantly increased levels of IL-10 in symptomatic pa-
tients. To our knowledge increased IL-10 levels
have not been described before in allergic rhinitis.
In apparent contrast to our results, Borish and co-

workers found high levels of IL-10 in bronchoalve-
olar lavage fluid of normal, nonasthmatic subjects
and considerably lower levels of this cytokine in
asthmatic subjects (31). After allergen challenge,
however, there was an increase in IL-10 transcripts
in BAL cells from the asthmatic patients.

Glucocorticoids are generally considered to
downregulate the cytokine response (32, 33). In this
study the decrease in IL-4 levels in nasal fluid fol-
lowing treatment with a topical steroid did not reach
statistical significance. However, there was a con-
comitant decrease of the symptom scores from a
median of 20 to 4.5 and a significant decrease in
eosinophil counts in nasal lavage indicating compli-
ance with therapy. Decreasing IL-4 was observed in
another study of allergic rhinitis, where topical ap-
plication of fluticasone suppressed the number of
IL-4 reactive cells (23).

The IL-4 assay used in our study would be as-
sumed to measure both free IL-4 and IL-4 bound to
IL-4sR. It is therefore possible that, even if we
failed to detect any significant decrease of total IL-4
levels, the budesonide treatment might still have
caused a decrease in the levels of free, biologically
active IL.-4.

Cytokine receptors like IL-4sR are important
parts of cytokine signalling. In our study, median
levels of IL-4sR showed a statistically significant
threefold increase in budesonide treated patients.
Since IL-4sR may inhibit allergic inflammation
(34), steroid-induced expression of this receptor
might be one of several possible explanations for
the beneficial clinical effects of steroids on allergy.
Glucocorticoids have been reported to enhance the
expression of one of the soluble IL-1 receptors
which inhibits IL-1 (35). The balance between cy-
tokines and their receptors may be yet another im-
portant field to explore when assessing the biologi-
cal effects of cytokines or antiinflammatory drugs.
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