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Role of sphingosine 1-phosphate receptor expression in
eosinophils of patients with allergic rhinitis, and effect of
topical nasal steroid treatment on this receptor expression

T MACKLE, S S GENDY, M WALSH, R MCCONN-WALSH, R W COSTELLO*, M-T WALSH*

Abstract
Objective: Recent research has indicated that sphingosine 1-phosphate plays a role in allergy. This study
examined the effect of allergen challenge on the expression of sphingosine 1-phosphate receptors on the
eosinophils of allergic rhinitis patients, and the effect of steroid treatment on this expression.

Study design: A prospective, non-randomised study.
Methods: The study had three parts. Firstly, sphingosine 1-phosphate receptor expression on the

eosinophils of allergic rhinitis patients and control patients was determined. Secondly, sphingosine
1-phosphate receptor expression was quantified pre- and post-allergen challenge, before and after a
short course of fluticasone propionate; all patients underwent symptom scoring and peak nasal
inspiratory flow measurement pre- and post-allergen challenge, both before and after steroid or saline
treatment. Thirdly, the effect of sphingosine 1-phosphate on eosinophil migration was examined.

Results: The eosinophils of both allergic rhinitis patients and controls expressed sphingosine
1-phosphate1, 3, 4, and 5. Eosinophils from all allergic rhinitis patients demonstrated up-regulation in
sphingosine 1-phosphate expression after allergen challenge. These changes were statistically very
significant for sphingosine 1-phosphate1, 4, and 5, and moderately significant for sphingosine
1-phosphate3. Sphingosine 1-phosphate receptor expression up-regulation was abolished in the
steroid-treated group after allergen challenge; however, the saline-treated group showed no change in
sphingosine 1-phosphate receptor expression after allergen challenge. Peak nasal inspiratory flow scores
were significantly diminished after allergen challenge prior to treatment, but not after a course of
topical nasal steroids. Sphingosine 1-phosphate induced eosinophil chemotaxis was increased following
allergen challenge in allergic rhinitis subjects.

Conclusions: Local intranasal steroid therapy acts directly to block allergen-induced up-regulation of
sphingosine 1-phosphate receptors on the peripheral eosinophils of allergic rhinitis patients, and this is
coincident with post-challenge peak nasal inspiratory flow measurement improvements. These
observations support the idea that such an increase in sphingosine 1-phosphate receptor expression is
clinically relevant in allergic rhinitis, with potential consequences for eosinophil migration and survival.
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Introduction

Sphingosine 1-phosphate is a bioactive phospholipid
which is released from immune cells (including acti-
vated platelets, mast cells, macrophages and dendritic
cells) and which is present at micromolar quantities in
normal serum.1–3 Sphingosine 1-phosphate exerts its
effects mainly via the G protein-coupled receptor
family comprising sphingosine 1-phosphate1, sphingo-
sine 1-phosphate2, sphingosine 1-phosphate3, sphin-
gosine 1-phosphate4 and sphingosine 1-phosphate5;
these receptors couple to a variety of different intra-
cellular signalling pathways.1–3

Recent work demonstrates an essential role for
sphingosine 1-phosphate and its sphingosine
1-phosphate1 receptor in lymphocyte migration to
and recirculation from lymph nodes.4 – 8 There are
also strong indications that sphingosine 1-phosphate
may play an important role in allergic inflam-
mation.2,9,10 Sphingosine 1-phosphate is secreted from
activated mast cells and induces mast cell degranula-
tion and migration; it has also been shown to act
via sphingosine 1-phosphate1 to increase the ratio of
Th2 to Th1 cells.2,9 A study by Ammit et al. reported
a doubling in sphingosine 1-phosphate levels in the
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bronchoalveolar lavage fluid of asthmatic patients 24
hours following segmental allergen challenge, but
not in healthy control individuals.10 As eosinophils
play a central role in the pathophysiology of both
asthma and allergic rhinitis, we hypothesised that
eosinophils would express sphingosine 1-phosphate
receptors, that their level of expression would be
altered by allergen challenge, and that sphingosine
1-phosphate would thereby influence eosinophil
migration in allergic rhinitis.

Materials and methods

Subjects

Thirty-three allergic rhinitis patients were recruited
from Beaumont Hospital, Dublin, Ireland, by
poster advertisement and direct contact at the ENT
clinic. Matched healthy control subjects with no
history of seasonal or perennial allergies were
recruited from the laboratory and hospital commu-
nity. Subjects were aged between 18 and 55 years
and were non-smokers. Volunteers were questioned
regarding their symptoms and categorised into inter-
mittent or persistent allergic rhinitis, according to the
Allergic Rhinitis and Its Impact on Asthma study
group criteria.11

Atopy was defined as a positive skin prick test of
greater than 3 mm, compared with a control, after
15–30 minutes exposure to one or more common
allergens, including: dust mite antigen; dog, cat and
horse epithelium; grass mix; tree mix (birch, beech,
oak and plane); hen feather; and Aspergillus fumiga-
tus. Saline solution was used as a negative control and
histamine solution as a positive control.

We excluded the following patients: those who had
used topical nasal steroids or systemic steroid therapy
within one month of the study; those with a history of
respiratory tract infection within one month of the
study; those who had used short-acting anti-histamines
within one week of the study; and those with significant
concomitant illness such as malignancy.

The first arm of the study established patients’
sphingosine 1-phosphate receptor expression pro-
files. Peripheral blood was taken from healthy
control subjects (n ¼ 15) and allergic rhinitis patients
(n ¼ 16). Eosinophils were purified, and polymerase
chain reaction analysis established the ribonucleic
acid (RNA) profile of sphingosine 1-phosphate
receptor expression. Protein expression profiles
were determined by Western blotting ( for eight
control subjects and eight allergic rhinitis patients)
and by flow cytometry analysis ( for four controls
and four allergic rhinitis patients).

The second arm of the study determined the effect
of allergen challenge on sphingosine 1-phosphate
receptor expression before and after steroid treat-
ment. Immediately after blood sampling, a cohort
of 12 allergic rhinitis patients underwent a nasal
allergen challenge (Table I shows patient character-
istics). The allergens used for nasal provocation
were Dermato pteronyssinus, grass mix or tree mix
(mid-blossoming), depending on the sensitivity
demonstrated by skin-prick testing.

All patients filled out a symptom questionnaire
during their initial visit. Each symptom was scored,
according to the Meltzer method,12 between zero
and three, where zero ¼ absent, one ¼ mild, two ¼
moderate and three ¼ severe. The peak nasal

TABLE I

CHARACTERISTICS OF ALLERGIC RHINITIS PATIENTS RECEIVING STEROID OR SALINE

Pt no Age (y) Sex Allergen Therapy Symptom score�† PNIF† (l/min)

Baseline Post-therapy Baseline Post-therapy

1 36 M Dust Fluticasone 5 pre 2 pre 160 pre 180 pre
propionate 4 post 2 post 140 post 160 post

2 22 F Dust, cat, grass Fluticasone 3 pre 1 pre 150 pre 150 pre
propionate 3 post 4 post 130 post 140 post

3 24 F Dust Fluticasone 2 pre 2 pre 150 pre 150 pre
propionate 1 post 2 post 120 post 145 post

4 56 F Birch Fluticasone 5 pre 6 pre 120 pre 110 pre
propionate 5 post 8 post 100 post 100 post

5 39 F Grass, dust Fluticasone 0 pre 3 pre 150 pre 150 pre
propionate 0 post 0 post 140 post 150 post

6 33 F Grass, dust Fluticasone 3 pre 4 pre 130 pre 120 pre
propionate 6 post 0 post 100 post 120 post

7 37 M Grass, cat Fluticasone 10 pre 10 pre 150 pre 150 pre
propionate 9 post 11 post 130 post 140 post

8 42 F Dust Fluticasone 0 pre 4 pre 120 pre 120 pre
propionate 1 post 3 post 100 post 110 post

9 42 F Grass, tree Fluticasone 1 pre 1 pre 140 pre 120 pre
propionate 1 post 1 post 120 post 120 post

10 39 F Dust Fluticasone 14 pre 10 pre 120 pre 110 pre
propionate 15 post 9 post 100 post 100 post

11 32 F Grass, dust Saline spray 11 pre 20 pre 150 pre 150 pre
13 post 19 post 130 post 140 post

12 37 M Dust Saline spray 6 pre 7 pre 150 pre 150 pre
5 post 5 post 120 post 120 post

�Meltzer method. †Pre- and post-allergen. Pt no ¼ patient number; y ¼ years; PNIF ¼ peak nasal inspiratory flow rate; M ¼ male;
F ¼ female; pre ¼ before allergen challenge; post ¼ after allergen challenge
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inspiratory flow (PNIF) rate was assessed using the
In-check nasal flow meter (Clement Clarke, Harlow,
Essex, UK). At least three measurements were
taken (excluding the first one) and a mean value cal-
culated. Consistent with the first part of the study,
patients underwent blood sampling, from which eosi-
nophils were prepared and sphingosine 1-phosphate
receptors1, 3, 4 and 5 were detected by flow cytometry.

All patients underwent nasal allergen challenge fol-
lowing blood sampling on the initial day. Twenty-four
hours later, patients returned to the clinic and again
filled out the symptom questionnaire, and underwent
serial PNIF measurements and blood sampling for
sphingosine 1-phosphate receptor profile expression
analysis. Patients were then divided, in a non-blinded
manner, to receive either topical nasal steroid therapy
or saline spray therapy. The steroid group used a once-
daily dose of 200 mg fluticasone propionate.

Patients were requested to return to the clinic two
weeks after commencing their intra-nasal spray.
Once again, they underwent the same procedures
as before (i.e. symptom questionnaire, PNIF
measurements and blood sampling).

The third arm of the study involved 10 patients,
five healthy control and five allergic rhinitis patients
with allergic rhinitis. Following initial blood
sampling and eosinophil purification, eosinophils
were subjected to chemotaxis using increasing
doses of sphingosine 1-phosphate. The allergic rhini-
tis group of patients were given a nasal allergen chal-
lenge following the initial blood sampling, and 24
hours later blood was again taken for eosinophil puri-
fication and chemotaxis.

Eosinophil isolation

Eosinophils were prepared from 45 ml of peripheral
venous blood. Fifteen millilitres of this blood was
added to 25 ml phosphate-buffered saline plus 100
units of heparin. Thirty millilitres of this mixture
was then layered over 23 ml Ficoll-Plaque PLUS
was purchased from Amersham Pharmacia Biotech
(Little Chalfont, UK) (1.077+ 0.001 g/ml) and cen-
trifuged at 720 g for 20 minutes at room temperature.
The upper layer of serum and mononuclear cells was
discarded and the pellet containing granulocytes and
erythrocytes was subjected to hypotonic lysis. The
granulocytes were then resuspended in MACS
which is a registered trademark of Miltenyi Biotec
GmbH (Bergisch Gladbach, Germany) buffer
(phosphate-buffered saline with 2 mM ethylene
diamine triacetic acid and 0.5 per cent bovine
serum albumin) with anti-CD16 immunomagnetic
beads and passed through a VarioMACS which is a
trademark of Miltenyi Biotec GmbH (Bergisch
Gladbach, Germany) magnetic separation column.
The eluted eosinophils were collected. Cells were
resuspended in serum-free DMEM (Dulbecco’s
Modified Eagle’s Medium) plus Glutamax (Gibco
BRL, Paisley, UK) and their viability and purity
were determined by Trypan blue (Sigma Aldrich,
Poole, UK); Speedy-Diff (trade name) (Clin-Tech
Limited, Guildford, UK) staining. Only eosinophil
preparations which were more than 98 per cent

pure and 95 per cent viable were used in further
experiments.

Ribonucleic acid extraction and reverse transcription
polymerase chain reaction

Eosinophils were harvested and washed in ice-cold
phosphate-buffered saline. Cells were then lysed at
room temperature in Tri-Reagent (Sigma-Aldrich,
Poole, UK) and RNA and protein extracted accord-
ing to the manufacturer’s guidelines.

One microgram of RNA was reverse-transcribed
with Avian Myeloblastosis Virus (AMV) reverse
transcriptase and oligo-dT primers using a first
strand complementary deoxyribonucleic acid
(DNA) synthesis kit (Roche Diagnostics, Burgess
Hill, West Sussex, England). Reverse transcription
polymerase chain reaction analysis of complemen-
tary DNA preparations was carried out in 50 ml reac-
tions with Taq-DNA polymerase and the primer sets
specific to each individual receptor (sequences
reported by Rahaman et al.).13 Polymerase chain
reaction products were separated by 1.5 per cent
agarose gel electrophoresis and photographed
under ultraviolet illumination. Band intensities
were quantified by laser densitometry scanning.
The results were expressed as a ratio of the band
intensity relative to the corresponding b-actin band
obtained by amplification of the same template
complementary DNA. Polymerase chain reaction
conditions were: 948C, 4 minutes (one cycle); 948C,
1.5 minutes; 548C, 1.5 minutes; 728C, 2 minutes
(25–40 cycles); and 728C, 10 minutes (one cycle).
Results are presented for 30 cycles of polymerase
chain reaction for sphingosine 1-phosphate1, 2, 3

and 5, 27 cycles for sphingosine 1-phosphate4, and
25 cycles for b-actin. Up to 40 polymerase chain reac-
tion cycles were carried out to verify the absence of
sphingosine 1-phosphate2.

Western blotting

Total eosinophil protein concentration was deter-
mined by the Bradford method14 and Western blot-
ting. Band intensities were quantified by laser
densitometry scanning. Results were expressed as a
ratio of the band intensity relative to the correspond-
ing b-actin band from the same re-probed blot.

Flow cytometric detection of eosinophil sphingosine
1-phosphate receptors

Cells were fixed, permeabilised and washed using the
Santa Cruz flow cytometry (FCM) buffer system,
according to the manufacturer’s instructions, in
order to enable binding of sphingosine 1-phosphate
receptor antibodies whose epitopes were receptor
C-terminal tail-specific. Permeabilised cells were incu-
bated with goat anti-human primary sphingosine
1-phosphate antibody for each respective receptor,
and subsequently with (FITC) fluorescein isothiocya-
nate labelled donkey anti-goat secondary antibody.
Negative control cells were incubated with FITC
labelled normal goat immunoglobulin G. The cells
were subsequently analysed by flow cytometry
(Coulter Epics XL; Beckman Coulter, High
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Wycombe, UK). Data from 10 000 events were col-
lected in logarithmic mode. Receptor levels were
quantified by analysis of FITC labelling.

Chemotaxis of eosinophils

Chemotaxis of eosinophils was carried out on an
AA96 chemotaxis chamber and 5 mm pore size
framed filters were purchased from Neuro Probe Inc.
(Gaithersburg, MD, USA). Putative chemoattrac-
tants were resuspended in phosphate-buffered
saline plus 0.1 per cent bovine serum albumin at
appropriate concentrations and loaded into the
wells of the lower compartment of the chemotaxis
chamber. In each experiment, phosphate-buffered
saline plus 0.1 per cent bovine serum albumin alone
was used as a ‘no chemoattractant’ control. Chemo-
kinesis controls were included with the same concen-
tration of chemoattractant in the top and bottom wells.
Eosinophils for chemotaxis were resuspended in
serum-free DMEM plus Glutamax at a concentration
of 0.64� 106 cells/ml, and a total of 2.5 � 105 cells
was loaded into each experimental well of the upper
compartment of the chamber. Chemotaxis was
allowed to proceed for 2.5 hours at 378C with 5 per
cent CO2, after which the upper compartment was
removed. Fifty microlitres was removed from the
respective experimental wells in the bottom

compartment, added to 400 ml phosphate-buffered
saline and subjected to counting by flow cytometry
(Beckman Coulter Epics XL-MCL) for 30 seconds,
in order to quantify the number of cells which had
migrated into the bottom well. Filters were also fixed
and stained with Speedy-Diff stain after removal of
cells from the top side of the filter and viewed under
a light microscope; the number of cells migrating to

FIG. 1

(a) Sphingosine 1-phosphate (S1P) receptor (S1PR)
messenger ribonucleic acid profiles for healthy control
subject and allergic rhinitis patient, prepared by reverse
transcription polymerase chain reaction; lower strip shows
negative control (no complementary deoxyribonucleic acid
(cDNA) (b) Percentage of subjects (15 healthy controls and
16 allergic rhinitis patients) expressing sphingosine

1-phosphate receptors1, 2, 3, 4 and 5.

FIG. 2

Expression of sphingosine 1-phosphate1 (S1P1), sphingosine
1-phosphate3 (S1P3) and sphingosine 1-phosphate4 (S1P4)
protein is increased in eosinophils from allergic rhinitis (AR)
patients compared with those from healthy control subjects,

as shown by (a) Western blotting and (b) flow cytometry.
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the lower side of the filter was counted in five random
fields, in order to confirm the consistency of the more
readily quantifiable flow cytometry method. Cell
migration to sphingosine 1-phosphate or eotaxin was
assessed as a percentage of migration in the absence
of any chemoattractant.

Statistical analysis

Values were expressed as mean+ standard error of
the mean. The statistical significance of differences
between patients and control subjects, between aller-
gic patients before and after allergen challenge,
and between treated and untreated samples was
evaluated by analysis of variance, followed by
Tukey–Kramer pair-wise multiple comparison or by
Student’s t-test as appropriate, using the Graphpad
Instat software program (Graphpad Software Inc,
San Diego, USA). A p value of 0.05 or less was
taken as significant.

Results

Part one

Messenger RNA for sphingosine 1-phosphate
receptors1, 3, 4 and 5, as detected by reverse transcrip-
tion polymerase chain reaction, was expressed by the

peripheral blood eosinophils of both healthy subjects
(n ¼ 15) and allergic rhinitis patients (n ¼ 16)
(Figure 1a). Although a low level of sphingosine
1-phosphate2 expression was observed on the eosino-
phils of two control subjects (Figure 1b), this receptor
was not expressed in any allergic rhinitis subject.
Protein for sphingosine 1-phosphate receptors1, 3, 4

and 5 was also detected on the eosinophils of both con-
trols and allergic rhinitis patients by Western blotting
and flow cytometry. However, expression of sphingo-
sine 1-phosphate1, 3 and 4 was significantly greater
on eosinophils from allergic rhinitis patients com-
pared with controls (Figure 2). Within the allergic rhi-
nitis patient group, increased sphingosine 1-phosphate
receptor expression on eosinophils was demonstrated
24 hours after allergen challenge at both the messen-
ger RNA level (sphingosine 1-phosphate1, 4 and 5 )
(Figure 3) and the protein level (sphingosine 1-
phosphate1, 3, 4 and 5) (Figure 4).

Part two

Allergic rhinitis patients were allocated to receive
either fluticasone propionate (n ¼ 10) or topical
nasal saline (n ¼ 2) for two weeks, and were then
subjected to allergen challenge.

FIG. 3

Messenger ribonucleic acid levels for (a) sphingosine 1-phosphate1 (S1P1), (c) sphingosine 1-phosphate4 (S1P4) and (d) sphingosine
1-phosphate5 (S1P5) are significantly increased after allergen challenge; however, those for (b) sphingosine 1-phosphate3 (S1P3) are
not. Values (mean+ standard error of the mean) before vs after allergen challenge (n ¼ 5) were compared using Student’s t-test,

with p , 0.05 considered significant. �p , 0.05.
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Prior to commencing treatment, there was no signifi-
cant difference in symptom scoring following nasal
allergen challenge, comparing the two treatment
groups; however, objective measurements of peak
nasal inspiratory flow (PNIF) dropped significantly fol-
lowing allergen challenge (Figure 5a). After two weeks’
topical nasal steroid treatment, this PNIF drop follow-
ing nasal allergen challenge significantly diminished.

Prior to steroid treatment, the allergic rhinitis
patients showed an increase in sphingosine 1-
phosphatereceptorexpression afterallergen challenge.
However, following two weeks’ steroid treatment, the
same patient cohort showed no increase in the
expression of any sphingosine 1-phosphate receptor
protein after allergen challenge (Figures 5b and 5c);
indeed, sphingosine 1-phosphate4 protein expression
was slightly but significantly decreased (Figure 5c).

The allergic rhinitis patients treated with topical
nasal saline spray showed a similar decrease in
PNIF and an increase in sphingosine 1-phosphate
receptor protein expression, following allergen chal-
lenge, both before and after treatment.

Part three

Part three of the study sought to determine whether
alterations in eosinophil sphingosine 1-phosphate
receptor levels, following allergen challenge, had
any functional correlate. Eosinophils from healthy
control subjects and from allergic rhinitis patients
(n ¼ 5), both before and 24 hours after allergen

challenge, were subjected to chemotaxis to sphingo-
sine 1-phosphate or (as a positive control) eotaxin
(Figure 6a). Sphingosine 1-phosphate exerted signifi-
cantly greater chemoattraction on eosinophils from
allergic rhinitis subjects compared with results in
the same patients before allergen challenge, follow-
ing allergen challenge; this response followed a bell-
shaped dose–response curve with increasing test
doses of sphingosine 1-phosphate (Figure 6b). Che-
motaxis levels for sphingosine 1-phosphate chemo-
taxis were comparable to those for eotaxin, one of
the most widely known eosinophil chemoattractant
agents.

Discussion

It is now well established that sphingosine 1-phosphate
is the natural ligand for specific G-protein coupled

FIG. 4

(a) Flow cytometry histograms demonstrating that protein
expression for eosinophil sphingosine 1-phosphate (S1P)1, 3,
4 and 5 receptors (S1P1, S1P3, S1P4 and S1P5) is increased in
allergic rhinitis patients following allergen challenge. The x
axis represents fluorescence due to FITC-labelled antibody
binding to cells (FL1 log); therefore, a rightwards shift
indicates increased antibody binding and hence increased
receptor expression. (b) Fold increase in the various
sphingosine 1-phosphate receptor proteins (mean+ standard
error of the mean; n ¼ 10). �p , 0.05, ��p , 0.005,

���p , 0.001; before vs after allergen challenge.

FIG. 5

Results for allergic rhinitis patients treated with steroids. (a)
Peak nasal inspiratory flow (PNIF; l/min) measurements
(mean+ standard error of the mean (SEM); n ¼ 10), before
and 24 hours after allergen challenge, before and after steroid
treatment. (b) Flow cytometry histograms demonstrating
Sphingosine 1-phosphate receptor expression. The x axis
represents fluorescence due to FITC-labelled antibody
binding to cells (FL1 log); therefore, a rightwards shift
indicates increased antibody binding and hence increased
receptor expression. (c) Fold change in the various
sphingosine 1-phosphate (S1P) receptor proteins (S1P1, S1P3,
S1P4 and S1P5; mean+SEM; n ¼ 10). �p , 0.05, before vs

after allergen challenge.
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receptors family known as the sphingosine 1-phosphate
receptors (sphingosine 1-phosphate1–5), and that
sphingosine 1-phosphate influences diverse biological
processes, depending on the relative cell- and tissue-
specific expression of sphingosine 1-phosphate1–5 and
of G proteins. Research into the biological role of the
sphingosine 1-phosphate receptors is in its infancy,
although many recent studies have advanced our
knowledge of sphingosine 1-phosphate receptor
expression and function.

In this study, up-regulation of sphingosine
1-phosphate receptors1, 3, 4 and 5 on the eosinophils
of allergic rhinitis patients was demonstrated 24 hours
afterallergen challenge, implying a role for sphingosine
1-phosphate in the mechanism of allergic rhinitis.
In allergic rhinitis patients following nasal allergen
challenge, the levels of sphingosine 1-phosphate1, 3, 4

and 5 protein expression were increased; however,
levels of messenger RNA expression were only signifi-
cantly increased for sphingosine 1-phosphate1, 4 and 5

(not sphingosine 1-phosphate3). The fact that allergen
challenge prompted up-regulation of sphingosine 1-
phosphate3 protein expression but no up-regulation
of sphingosine 1-phosphate3 messenger RNA
expression indicates that this discrepancy is probably
due to post-transcriptional mechanisms.

In order to study the effects of topical nasal steroid
therapy (the most commonly used pharmacological
treatment for allergic rhinitis) on the expression of
sphingosine 1-phosphate receptors, 10 allergic rhini-
tis patients underwent a short, two-week course of
this treatment. As in the initial study group,
up-regulation of sphingosine 1-phosphate receptor
expression was observed after allergen challenge
prior to steroid treatment; however, after completion
of topical steroid treatment, no post-allergen
increase in sphingosine 1-phosphate receptor
expression was demonstrated. Indeed, sphingosine
1-phosphate4 receptor expression was moderately
down-regulated.

Significantly, this post-treatment loss of sphingo-
sine 1-phosphate receptor up-regulation following
allergen challenge correlated clinically with peak
nasal inspiratory flow (PNIF) measurements.
Before steroid therapy, patients’ PNIF measure-
ments were statistically significantly diminished 24
hours after nasal allergen challenge, consistent with
the increased nasal mucosal oedema known to
occur following nasal allergen exposure. However,
following steroid therapy, the post-allergen decrease
in PNIF measurements was minimal and not statisti-
cally significant. Although this study found no altera-
tion in subjective symptom scores, comparing pre-
and post-treatment values, poor correlation has
often been demonstrated between reported subjec-
tive symptoms and objective measures of nasal
obstruction.15 – 18 This poor correlation is due in
part to the subjective nature of symptom question-
naires, which leads to patient bias, and also to the
fact that other factors besides nasal resistance con-
tribute to the sensation of nasal congestion.19,20 For
example, menthol may relieve the subjective
symptom of nasal congestion without altering nasal
resistance.21

The fact that topical nasal steroid therapy prevents
the up-regulation of sphingosine 1-phosphate recep-
tor expression after allergen challenge, coupled
with the fact that treatment prevents significant
decreases in objective PNIF measurements, supports
the hypothesis that the increase in receptor
expression is an important clinical feature of allergic
rhinitis, with potential consequences for eosinophil
migration and survival.

Sphingosine 1-phosphate receptors have previously
been shown to play a part in cell migration. For
example, up-regulation of sphingosine 1-phosphate3

in pneumonia has a positive effect on migration of
neutrophils, promoting chemotaxis towards sphingo-
sine 1-phosphate.13 It has been demonstrated that
sphingosine 1-phosphate4 enhances migration of
transfected cells via Rho family small Guanosine tri-
phosphatases (GTPases).22,23 The up-regulation of
sphingosine 1-phosphate1, 3 and 4 seen in this study
after allergen challenge may therefore facilitate eosino-
phil chemotaxis. Thus, allergen challenge, with associ-
ated eosinophil priming, results in increased eosinophil
expression of an array of sphingosine 1-phosphate
receptors, potentially facilitating eosinophil migration.
Consistent with this, we found that increases in sphin-
gosine 1-phosphate receptor expression following

FIG. 6

Sphingosine 1-phosphate (S1P) induced chemotaxis of
eosinophils from allergic rhinitis (AR) patients is increased
following allergen challenge. (a) Control eosinophils - S1P
dose response curve graph; (b) S1P-induced chemotaxis of
AR patient eosinophils is increased following allergen
challenge. �p , 0.05, ��p , 0.005; before vs after allergen

challenge.
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allergen challenge coincided with significant increases
in sphingosine 1-phosphate induced chemotaxis of
eosinophils. Although the observed chemotactic
effect was modest in pre-allergen subjects, the chemo-
tactic effect was significantly increased 24 hours after
nasal allergen challenge, coinciding with increased
levels of sphingosine 1-phosphate receptor expression.

. Sphingosine 1-phosphate is a phospholipid
with multiple cellular effects exerted via
sphingosine 1-phosphate receptors1 – 5

. Sphingosine 1-phosphate receptors1, 3, 4 and 5

were widely expressed on the peripheral blood
eosinophils of both healthy subjects and
allergic rhinitis patients. Up-regulation of
protein expression for these same sphingosine
1-phosphate receptors on the eosinophils of
allergic rhinitis patients was demonstrated 24
hours after allergen challenge

. A short course of topical nasal steroid spray
abolished this up-regulation

. These observations support the theory that
this increase in sphingosine 1-phosphate
receptor expression is clinically relevant in
allergic rhinitis, with potential consequences
for eosinophil migration and survival

It has been suggested that venous blood concen-
trations of sphingosine 1-phosphate of between 10
and 100 nM are optimal for enhancing chemotaxis
of lymphocytes to chemokines and some cyto-
kines,5,24 while concentrations of between 100
and 1000 nM inhibit chemokine-induced T cell
migration. We investigated the effect of different
concentrations of sphingosine 1-phosphate on the
chemotaxis of allergic rhinitis eosinophils, and we
demonstrated that the eosinophil migration response
after allergen challenge follows a bell-shaped dose–
response curve, with highest migration observed at
1 mM sphingosine 1-phosphate, in contrast to the
proposed optimal conditions for lymphocyte
migration.2 Indeed, chemotaxis levels for sphingo-
sine 1-phosphate were comparable to those for
eotaxin, one of the most widely known eosinophil
chemoattractant agents. It is uncertain whether indi-
vidual sphingosine 1-phosphate receptors1, 3, 4 or 5 or
a combination of receptors is responsible for the
post-allergen sphingosine 1-phosphate chemotactic
effect demonstrated. Determination of the role of
individual receptors would require access to specific
blocking antibodies and/or inhibitors, which are not
currently available.

Conclusion

We observed up-regulation of sphingosine 1-phosphate
receptors1, 3, 4 and 5 protein expression in the eosino-
phils of allergic rhinitis patients 24 hours after allergen
challenge. This up-regulation was prevented by steroid
therapy. The increase was coincident with enhanced
eosinophil migration. Our results suggest that, in

allergic rhinitis patients, sphingosine 1-phosphate influ-
ences recruitment of primed eosinophils, and that eosi-
nophil sphingosine 1-phosphate receptors may be a
potential therapeutic target in allergic illness.
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