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Abstract
Background: Glucocorticoids are used to treat chronic inflammatory diseases such as asthma. Induction of
eosinophil apoptosis is considered to be one of the main mechanisms behind the anti-asthmatic effect of
glucocorticoids. Glucocorticoid binding to its receptor (GR) can have a dual effect on gene transcription.
Activated GR can activate transcription (transactivation), or by interacting with other transcription factors such
as NF-κB suppress transcription (transrepression). RU24858 has been reported to transrepress but to have little
or no transactivation capability in other cell types. The dissociated properties of RU24858 have not been
previously studied in non-malignant human cells. As the eosinophils have a very short lifetime and many of the
modern molecular biological methods cannot be used, a "dissociated steroid" would be a valuable tool to evaluate
the mechanism of action of glucocorticoids in human eosinophils. The aim of this study was to elucidate the ability
of RU24858 to activate and repress gene expression in human eosinophils in order to see whether it is a
dissociated steroid in human eosinophils.
Methods: Human peripheral blood eosinophils were isolated under sterile conditions and cultured in the
presence and/or absence RU24858. For comparison, dexamethasone and mometasone were used. We measured
chemokine receptor-4 (CXCR4) and Annexin 1 expression by flow cytometry and cytokine production by ELISA.
Apoptosis was measured by DNA fragmentation and confirmed by morphological analysis.
Results: RU24858 (1 μM) increased CXCR4 and Annexin 1 expression on eosinophils to a similar extent as
mometasone (1 μM) and dexamethasone (1 μM). Like dexamethasone and mometasone, RU24858 did suppress
IL-8 and MCP-1 production in eosinophils. RU24858 also increased spontaneous eosinophil apoptosis to a similar
degree as dexamethasone and mometasone, but unlike dexamethasone and mometasone it did not reverse IL-5or GM-CSF-induced eosinophil survival.
Conclusion: Our results suggest that in human eosinophils RU24858 acts as transactivator and transrepressor
like classical glucocorticoids. Thus, RU24858 seems not to be a "dissociated steroid" in primary human eosinophils
in contrast to that reported in animal cells. In addition, functionally RU24858 seems to be a less potent
glucocorticoid as it did not reverse IL-5- and GM-CSF-afforded eosinophil survival similarly to dexamethasone
and mometasone.
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Background
Eosinophils are thought to play a critical role in allergic
diseases, such as allergic rhinitis, asthma, and atopic dermatitis.[1] In patients with asthma, activation of eosinophils is thought to cause epithelial tissue injury, and
increased bronchial responsiveness.[2] Apoptosis or programmed cell death is an important feature in the resolution of pulmonary inflammation.[3,4] Unlike necrosis
which is characterized by loss of cell membrane integrity
and the uncontrolled release of harmful cellular contents,
apoptosis is characterized by formation of apoptic bodies,
which are then phagocytosed intact so there will be no
leakage of intracellular contents or activation of the
inflammatory response.[3,5] Eosinophil apoptosis is
inhibited by cytokines such as interleukin (IL)-3, IL-5 and
granulocyte-macrophage colony-stimulating factor (GMCSF) in vitro and in vivo.[1] In addition, we and others
have previously shown that eosinophil apoptosis is
delayed in patients with asthma or inhalant allergy.[6,7]
Glucocorticoids are potent anti-inflammatory agents for
the treatment of allergic diseases such as asthma, allergic
rhinitis, atopic dermatitis and various syndromes associated with hypereosinophilia. Enhancement of eosinophil
apoptosis and/or reversal of cytokine-induced eosinophil
survival have been reported to be one important mechanism by which glucocorticoids reduce eosinophil numbers. [8-18] The basic mechanism of glucocorticoid
actions is that they penetrate into the cell and bind to glucocorticoid receptor molecules in the cytoplasm.[19,20]
The glucocorticoid- glucocorticoid receptor (GR) complex
acts as a transcription factor, binding to specific DNA sites
in the nucleus. Within the nucleus, GR may induce gene
transcription (transactivation) by binding to specific DNA
sequences known as glucocorticoid response elements
(GREs) in the promoter-enhancer regions of steroid
responsive genes. The glucocorticoid-glucocorticoid
receptor complex may also directly interact with other
transcription factors such as nuclear factor-κB (NF-κB)
and activator protein (AP)-1 resulting in a transcriptional
down-regulation (transrepression), which is considered
currently to be a major mechanism of the anti-inflammatory effect of steroids.[20,21] Despite many studies on the
ability of glucocorticoids to repress and/or activate genes
in other cell types [22-25] there are no published data on
whether transactivation and/or transrepression events
play a role in the regulation of apoptosis in human eosinophils.
Based on the hypothesis that the predominant antiinflammatory effects of glucocorticoids derive from inhibition of transcription (transrepression), whereas the metabolic effects, like disrupting the regulation of calcium
and glucose metabolism, derive from positive transcriptional effects (transactivation), experimental glucocorti-
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coids, which only act as transrepressors but not as
transactivators, have been developed. RU24858 is such a
novel glucocorticoid.[22] However the transactivation
profile of RU24858 has been controversial. Vayssiere et
al.[22] and Vanden Berghe et al.[23] demonstrated
RU24858 to be almost as effective as dexamethasone in
inducing transrepression but show little or no transactivation ability in human and murine cell lines. In contrast,
others have reported no dissociation between anti-inflammatory activity and side effects in vivo.[25] Differences
between human and rodent GR or in GR-associated factors has been implicated to be critical for these divergent
results.[24] However, the ability of RU24858 to dissociate
between transactivation and transrepression in non-transformed primary human cells has not been described.
Whether dissociated steroids such as RU24858 have a better safety profile in the treatment of chronic inflammatory
diseases such as asthma depends on their ability to dissociate between transactivation and transrepression in nonmalignant human cells.
Primary human eosinophils are terminally differentiated,
non-dividing cells that can only be cultured for very short
periods, making these cells unsuitable for many studies
using molecular biology. Thus, a dissociative glucocorticoid would be a very valuable pharmacological tool to
evaluate the mechanism of action glucocorticoids in primary cells such as human eosinophils. The aim of our
study was to test whether RU24858 discriminates between
transactivation and transrepression in human eosinophils
and the functional consequences of this profile by assessing its effects on eosinophil apoptosis. We measured the
induction of surface expression of Annexin I and CXCR4
as a measure of GR transactivation[26,27] ability and the
inhibition of IL-8 and MCP-1 production to define the
transrepression potential. We found that in eosinophils
RU24858 possessed transrepression capability but also
clear transactivation effects. Surprisingly, although
RU24858 did result enhanced spontaneous eosinophil
apoptosis it did not reverse cytokine-induced apoptosis
like other glucocorticoids do.

Methods
Eosinophil isolation
Eosinophils were isolated under sterile conditions as previously reported.[6,17,18,28] Before donation of blood,
all subjects gave informed consent to a study protocol
approved by the ethical committee of Tampere University
Hospital. Eosinophils were obtained from donors with
eosinophil counts ranging from upper normal to slightly
elevated. We excluded patients with hypereosinophilic
syndrome. Venous blood (50–100 ml) was collected into
10–20 ml of acid citrate dextrose anticoagulant and
hydroxyethyl starch solution. White blood cells were
obtained after removing supernatant and were overlaid
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μl cell suspension in 90 μl Kimura stain (consisting of 11
ml of 0.05% (wt/wt) toluidine blue, 0.8 ml of 0.03% light
green SF yellowish, 0.5 ml of saturated saponin, and 5 ml
of 0.07 M phosphate buffer, pH 6.4) and the purity of
eosinophil population was >99%. The eosinophils were
washed and resuspended at 1 × 106 cells/ml and cultured
(37°C, 5 % CO2) in RPMI 1640 (Dutch modification,
10% fetal calf serum and antibiotics). Granulocytes were
incubated in the presence and absence of RU24858,
mometasone and dexamethasone. All the steroids were
diluted in DMSO. The final concentration of DMSO in the
cells was 0.1%. Similar concentration of DMSO was used
in control experiments.
Flow cytometry
Eosinophils were incubated for 24 h and the expression of
CXCR4 was determined by using a PE-conjugated mAb
against CXCR4 (20 μl/106 cells). We performed flow-cytometric analysis according to the instructions of the manufacturer and for comparison PE-conjugated isotype
control was used. The expression of Annexin I was determined by using a mAb against Annexin I (20 μl/106 cells)
and for comparison an isotype standard was used. As a
secondary antibody we used PE-conjugated anti-mouse
IgG1 monoclonal antibody according to that described by
Liu et al.[29]

Figure
The
on
eosinophil
effects
1 of CXCR4
RU24858,
surface
mometasone
expression
and dexamethasone
The effects of RU24858, mometasone and dexamethasone on eosinophil CXCR4 surface expression. Cells
were stained and analyzed by using flow cytometry. A typical
experiment showing an increase in CXCR4 expression following treatment of cells with mometasone, dexamethasone
and RU24858 is indicated in (A). (B) Summary of results
expressed as mean fluorescence intensity. Values are the
mean ± S.E.M., n = 6. * Indicates P < 0.05, ** P < 0.01 as compared with the respective control in the absence of glucocorticoids.

onto Ficoll and centrifuged at 700 g for 30 min at 20°C.
Mononuclear cell layer was removed and the remaining
pellet containing granulocytes and red blood cells was
washed in HBSS (Hank's Balanced Salt Solution without
Phenol Red). Red blood cells were lysed by hypotonic
lysis.
Eosinophils were purified using immunomagnetic antiCD16 antibody conjugated beads. Following separation,
granulocytes were washed, counted and resuspended in
300 ml of RPMI 1640 (2% fetal calf serum and 5 mM
EDTA). Cells mixed with beads were incubated at 4°C for
at least 25 min before loading onto a separation column
positioned within a magnetic field and washed with 40 ml
of RPMI 1640. The eluted eosinophils were washed and
counted using microscopic examination and diluting 10

Unless otherwise stated the percentage of apoptotic cells
was measured using a relative DNA fragmentation assay
in propidium iodide stained cells by flow cytometry as
previously described.[6,17,18,28] Eosinophils were incubated for 40 h. The cells showing decreased relative DNA
content were considered as apoptotic.
Morphological analysis
Cells were centrifuged onto cytospin slides. After fixation
in methanol slides were stained with May-GrünwaldGiemsa. Cells showing typical features of apoptosis such
as condensation of chromatin, nuclear coalescence and
shrinkage of the cell were considered as apoptotic.[28,30]
Cells were counted blind. We always prepared double
identical samples and from each sample 200 cells were
assessed and finally the average was calculated.
Cytokine assays
Cytokine production was induced by 1 μM ionomycin.[31] Cells were incubated for 18 h and supernatants
were collected and stored at -20°C and cytokines were
measured by ELISA. The lower limits of detection were 3.9
pg/ml for MCP-1 and 4.1 pg/ml for IL-8.
Materials
RU24858 was obtained from Aventis Pharma, Romainville Cedex, France and mometasone furoate was obtained
from Schering-Plough, Kenilworth, USA. Dexamethasone
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Statistics
Data are expressed as mean ± SEM. Differences were analyzed by analysis of variance supported by Student-Newman-Keuls test and were considered significant if P < 0.05.

Results
The effect of RU24858 on CXCR4 expression on the
surface of eosinophils
Dexamethasone has previously been shown to induce
CXCR4 expression in human eosinophils.[27] As
expected, mometasone (1 μM) and dexamethasone (1
μM) induced CXCR4 expression in human eosinophils
(Figure 1a &1b). To our surprise RU24858 (0.01–1 μM)
also induced CXCR4 expression in a manner similar to
classical glucocorticoids (Figure 1a &1b). To exclude the
possibility that RU24858 affects the fluorescence properties of the PE-conjugated antibody, its effects were studied
on cells labelled with PE-conjugated isotype control antibody. RU24858 (0.01 μM–1 μM), mometasone (1 μM)
and dexamethasone (1 μM) had no effect on fluorescence
of PE-conjugated isotype control (n = 6, data not shown).

Figure
The
on
eosinophil
effects
2 of Annexin
RU24858,1 mometasone
surface expression
and dexamethasone
The effects of RU24858, mometasone and dexamethasone on eosinophil Annexin 1 surface expression.
Cells were stained and analyzed by using flow cytometry. A
typical experiment showing an increase in Annexin 1 expression following treatment of cells with mometasone, dexamethasone and RU24858 is indicated in (A). (B) Summary of
results expressed as mean fluorescence intensity. Values are
the mean ± S.E.M., n = 3. * Indicates P < 0.05 as compared
with the respective control in the absence of glucocorticoids.

and propidium iodide were purchased from Sigma Chemical Co. (St. Louis, MO). Other reagents were obtained as
follows: antibiotics, fetal calf serum, RPMI 1640 (Gibco
BRL, Paisley, Scotland, UK), anti-CD16 microbeads and
magnetic cell separation system (Miltenyi Biotec Ltd., Surrey, UK), human recombinant IL-5, GM-CSF and DuoSet
ELISA Development System for IL-8 and MCP-1 (R&D system Europe, Abingdon, UK), May-Grünwald (Merck,
Darmstadt, Germany), and Giemsa (J.T. Baker, Deventer,
Holland). PE-conjugated CXCR4 mAb (12G5), R-PE-conjugated IgG2a isotype control, Annexin I mAb, IgG1 isotype
standard and R-PE-conjugated anti-mouse IgG1 monoclonal antibody were all purchased from BD Pharmingen
(Temse, Belgium).

The effect of RU24858 on Annexin 1 expression on the
surface of eosinophils
It has been recently demonstrated that glucocorticoids
induce surface expression of Annexin 1 on human eosinophils.[29] To further analyse the transactivation ability
of RU24858 we investigated whether it has a similar effect
on Annexin 1 expression as mometasone and dexamethasone. RU24858 significantly increased Annexin 1 expression to a similar extent to that seen with mometasone and
dexamethasone (both at 1 μM) (Figure 2a &2b). In addition, mometasone (1 μM), dexamethasone (1 μM) and
RU24858 (0.01 μM–1 μM) had no effect on the fluorescence of isotype and/or secondary antibody controls (n =
6, data not shown).
The Effect of RU24858 on cytokine production
Glucocorticoids have previously been reported to inhibit
IL-8 and MCP-1 production in eosinophils.[31] Therefore, to study the transrepression capability of RU24858
we measured IL-8 and MCP-1 production from supernatants collected from ionomycin-treated eosinophils.
Spontaneous IL-8 and MCP-1 production was low and
ionomycin (1 μM) increased MCP-1 and IL-8 production
6–10-fold (figure 3a &3b). Mometasone (1 μM) and dexamethasone (1 μM) inhibited IL-8 and MCP-1 generation
as expected (figure 3a &3b) as also RU24858 (1 μM) did.
The effect of RU24858 on MCP-1 production was significantly smaller than that of dexamethasone and mometasone. Mometasone was also more potent than RU24858
in inhibiting IL-8 production, whereas the difference
between dexamethasone and RU24858 did not reach statistical significance (Figure 3a &3b). Taken together, the
present data suggest that RU24858 is a non selective com-
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Figure
The
effects
3 of RU24858, mometasone and dexamethasone on eosinophil cytokine production
The effects of RU24858, mometasone and dexamethasone on eosinophil cytokine production. (A) IL-8 and (B)
MCP-1. Ionomycin was used to stimulate the IL-8 and MCP-1 production in cells. IL-8 and MCP-1 were analyzed by ELISA
based methods. Values are the mean ± S.E.M., n = 6. Results are expressed as % of stimulated eosinophils. * Indicates P < 0.05,
** P < 0.01 and *** P < 0.001 as compared with the respective control in the absence of glucocorticoids. # Indicates P < 0.05,
## P < 0.01 and ### P < 0.001 as compared with RU24858 (1 μM).

Page 5 of 10
(page number not for citation purposes)

Journal of Inflammation 2006, 3:10

http://www.journal-inflammation.com/content/3/1/10

The
Figure
effects
4 of RU24858, mometasone and dexamethasone on cytokine afforded eosinophil survival
The effects of RU24858, mometasone and dexamethasone on cytokine afforded eosinophil survival. The effects
of RU24858, mometasone and dexamethasone (all at 1 μM) on GM-CSF-(A) and IL-5-induced (B) eosinophil survival. Values
are the mean ± S.E.M., n = 6. Results are expressed as percentage of apoptotic cells. * Indicates P < 0.05, ** P < 0.01 and *** P
< 0.001 as compared with the respective control in the absence of glucocorticoids.

pound and does not dissociate between transactivation
and transrepression in human eosinophils.
Effects of RU24858 on cytokine-afforded eosinophil
survival
To evaluate the functional consequences of RU24858
actions, its effects on cytokine-induced eosinophil survival were measured. GM-CSF inhibited eosinophil apoptosis in a concentration-dependent manner (Figure 4a).
GM-CSF (0.07 pM)-stimulated eosinophil survival was
reversed by dexamethasone and mometasone (both at 1
μM) (Figure 4a). In contrast, RU24858 (1 μM) did not
reverse GM-CSF-stimulated eosinophil survival (Figure
4a). When GM-CSF was added at increasing concentrations the effects of dexamethasone and mometasone
reflected their GR agonist potency (Figure 4a). At 7 pM
GM-CSF no glucocorticoid was able to attenuate eosinophil survival (Figure 4a).

IL-5 has also been reported to prolong eosinophil survival
in vitro[32] and in vivo. IL-5 and GM-CSF receptors are
composed of a common β-unit, but have unique α-units.
This offers a possibility for differential signalling between
IL-5 and GM-CSF.[1] IL-5 (0.1 – 10 pM) inhibited eosinophil apoptosis in a concentration-dependent manner,
and its effects were partly reversed by dexamethasone and
mometasone (figure 4b). This protection by glucocorticoids against IL-5-stimulated inhibition of apoptosis was
lost at high concentrations of IL-5 (10 pM) (Figure 4b,
Table 1). In contrast to dexamethasone and mometasone,
RU24858 had no effect on IL-5-induced inhibition of
eosinophil apoptosis (Figure 4b), which finding was further confirmed by using morphological analysis (Table 1).
Taken together, in contrast to classical steroids, RU24858
does not reverse cytokine-afforded eosinophil survival.

Table 1: The effects of RU24858, mometasone and dexamethasone on IL-5 induced human eosinophil survival. Apoptosis was analyzed
by morphological criteria. Results are expressed as percentage of apoptotic cells. Values are the mean ± S.E.M., n = 6. * Indicates P <
0.05, ** P < 0.01, *** P < 0.001 as compared with the respective control in the absence of glucocorticoids.

control
RU24858 1 μM
Mometasone 1 μM
Dexamethasone 1 μM

Control

Apoptotic eosinophils (%)
1 nM IL-5

10 nM IL-5

43.3 ± 6.7
51.9 ± 5.5 *
63.1 ± 6.8 ***
60.1 ± 4.4 **

8.1 ± 1.5
11.6 ± 3.4
16.0 ± 2.9 **
17.1 ± 3.3 **

9.3 ± 2.5
10.8 ± 3.8
10.8 ± 3.6
7.7 ± 2.6
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It is currently proposed that the anti-inflammatory effects
of glucocorticoids are due to inhibition of transcription,
whereas many of the debilitating side-effects may derive
from activation of transcription. So it has been hypothesised that it would be possible to separate the anti-inflammatory effects from the side-effects of glucocorticoids, by
developing novel compounds which could repress
inflammatory gene expression but not transactivate.
RU24858 is such a novel glucocorticoid.

Figure
The
on
spontaneous
effects
5 of RU24858,
eosinophil
mometasone
apoptosis and dexamethasone
The effects of RU24858, mometasone and dexamethasone on spontaneous eosinophil apoptosis. The
effects of RU24858 (0.01 μM, 0.1 μM, 1 μM), mometasone
(0.01 μM, 1 μM) and dexamethasone (0.1 μM, 1 μM) on
spontaneous eosinophil survival. Values are the mean ±
S.E.M., n = 6. Results are expressed as percentage of apoptotic cells. * Indicates P < 0.05, ** P < 0.01 and *** P < 0.001
as compared with the respective control in the absence of
glucocorticoids.

Effects of RU24858 on spontaneous eosinophil apoptosis
The currently used glucocorticoids enhance spontaneous
eosinophil apoptosis at clinically relevant drug concentrations.[17,18] RU24858 increased spontaneous eosinophil
apoptosis in a concentration-dependent manner similarly
to that seen with dexamethasone and mometasone (Figure 5). Enhancement of spontaneous apoptosis by
RU24858, dexamethasone and mometasone furoate was
also confirmed by showing an increase in the number of
eosinophils showing the typical morphological features
of apoptotic eosinophils such as nuclear chromatin condensation and cell shrinkage (Table 1).

Discussion
We report here for the first time the effects of a supposed
"dissociated steroid" RU24858 in primary human cells.
All the previous studies have been made with malignant
human or murine cell lines. Our results show that the dissociated glucocorticoid RU24858 acts as a transrepressor
in human eosinophils but also has transactivation capability. However, RU24858 seems to be somewhat less
potent transrepressor than classical glucocorticoids dexamethasone and mometasone. Functionally, RU24858 is
not able to reverse GM-CSF- or IL-5-induced eosinophil
survival and thus has lower anti-inflammatory activity as
compared with the classical glucocorticoids dexamethasone and mometasone.

In contrast to our expectations, RU24858 induced transactivation in eosinophils as evidenced by increased CXCR4
and annexin 1 expression. This profile of activity is similar
to that seen with classical glucocorticoids such as dexamethasone and mometasone. Interestingly, RU24858
increased CXCR4 expression at lower drug concentrations
than Annexin I expression. To characterize the transrepression profile of RU24858 we measured cytokine production in eosinophils. As expected, dexamethasone,
mometasone and RU24858 repressed IL-8 and MCP-1
production. However RU24858 was less potent in inhibiting cytokine production than the classical glucocorticoids. These results suggest that in human eosinophils
RU24858 represses gene transcription as supposed, but
also has an ability to transactivate. In our efforts to further
characterize the ability of RU24858 to inhibit transcription, several cytokines and chemokines such as IL-6,
RANTES and TNF-α reported to be suppressed by glucocorticoids in other cells[33,34] were measured. However,
this was not successful as ionomycin was unable to induce
the production of these cytokines in human eosinophils.
Due to the inability to transfect primary human eosinophils we were unable to measure GRE- and κB-dependent reporter gene activity.
In the present study, we report that RU24858 was equipotent with classical glucocorticoids at inducing transactivation but was less potent at inducing transrepression. We
have recently reported that RU24858 inhibits the expression of tristetraprolin at the level of mRNA and protein
expression in J774 mouse macrophages at concentrations
used in the present study.[35] In addition, we have shown
that RU24858 inhibits LPS-induced inducible nitric oxide
(iNOS) expression and nitric oxide production in mouse
J774 macrophages and the effect of RU24858 was qualitatively and quantitatively similar to that of dexamethasone
at similar drug concentrations.[36] Taken together, these
results suggest that the ability of RU24858 to transactivate
or transrepress depends on the cell type and source of
cells. To the best of our knowledge, this is the first report
on the effects of RU24858 in primary human cells. Studies
in transfected cell lines can lead to anomalous conclusions. The receptors but also the signalling pathways that
are present in a cell line can be different than in primary
cells and can have a crucial effect on the results.[37]
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In human and murine cell lines RU24858 has been
reported to be almost as effective as dexamethasone in
inducing transrepression but to show little or no transactivation ability.[22,23] In addition, only a weak transactivation in Hela cells was reported. In contrast, no
difference in transactivation was seen between prednisolone and RU24858 in murine CV-1 cells.[24] In addition, no dissociation between the anti-inflammatory
activity and side effects in in vivo animal models was
reported. Thus, although it has previously been suggested
that the profile of RU24858 is divergent and may be species and/or cell type specific, the effects of this compound
have never been reported in primary human cells. A possible explanation for these divergent dissociation abilities
of this compound is that RU24858 works as a partial agonist for glucocorticoid receptor. In cells where the numbers of receptors or signal transduction efficiency is high it
works like a full agonist. In contrast, in cells where the
number of receptors is low or efficiency of signal transduction is poor it may produce a maximal response that is less
than that of the full agonist or it may even be an antagonist. Use of cells from different species can also lead to variability in results, as different species demonstrate
divergent sensitivities to glucocorticoids. This may explain
why Tanigava et al.[24] reported that RU24858 is able to
transactivate in murine CV-1 cells but not in human HeLa
cells. Thus, RU24858 might act as a full agonist glucocorticoid sensitive species, like mice, but in species less sensitive to glucocorticoids, like man, it would have a partial
effect or even it might act as an antagonist. Another possible explanation for the conflicting results may be that one
GR mRNA can produce up to at least eight functional GR
isoforms.[38] These GR isoforms display diverse transcriptional activities and the levels of these isoforms vary
among different cell types. Whether this cell type -specific
isoform profile of GR activation can explain why
RU24858 has divergent transcription profile depending
on cell type remains to be determined.
Glucocorticoids are currently the most potent anti-inflammatory therapy available for the treatment of
asthma.[19,20] One of the main anti-inflammatory
effects of glucocorticoids in the treatment of asthma is the
reduction in eosinophil numbers. One important mechanism by which glucocorticoids reduce eosinophil numbers seems to be the induction of eosinophil apoptosis
and/or reversal of cytokine-afforded eosinophil survival.[11,13-15,17,18] Despite the fact that these mechanisms of glucocorticoids actions have been known for
many years, the role of glucocorticoid-mediated transactivation or transrepression events in the regulation of eosinophil apoptosis has been unclear. Eosinophils are
terminally differentiated, short-living and non-dividing
cells that can be isolated only in low numbers. Thus, most
of the modern molecular biology methods cannot be uti-
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lised to study signalling in human eosinophils. As glucocorticoids are known to up- or downregulate transcription
of a number of genes in other cell types, a pharmacological tool with defined mechanism of action would be interesting in studying eosinophils. The main aim of our study
was to find out if the "dissociated steroid" RU24858 could
be a potent pharmacological tool in our efforts to identify
whether the effects of glucocorticoids on eosinophil survival are due to activation of transcription or transrepression. To illustrate the problem, for example, of the 2409
genes studied in eosinophils, a total of 80 were found to
be regulated 2-fold or greater after exposure to IL-5 for 1
h. Of these 73 were up-regulated and 7 were down-regulated.[39] Unfortunately, RU24858 does not dissociate
between transactivation and transrepression in human
eosinophils and thus is not suitable for evaluation of signalling in human eosinophils.
In the present study we report that RU24858 induces both
transrepression and transactivation in human eosinophils. To analyze the functional consequence of this
profile, we measured the effect of RU24858 on spontaneous apoptosis and cytokine-afforded survival of human
eosinophils. Glucocorticoids are known to enhance spontaneous eosinophil apoptosis and to reverse cytokineinduced eosinophil survival.[17,18] RU24858 enhanced
spontaneous eosinophil apoptosis, but unlike dexamethasone and mometasone it did not reverse IL-5- or GMCSF-induced eosinophil survival. The result that the effect
of dexamethasone and mometasone diminishes as the
concentration of IL-5 or GM-CSF is increased is something
that could be expected for compounds acting as "physiological antagonists". Rather than reflecting a true difference in the transactivation or transrepression profile
between RU24858 and dexamethasone, the lack of effect
of RU24858 on cytokine-induced eosinophil survival may
be due to the partial agonistic properties and lower
potency of RU24858 as compared with dexamethasone.
However, as RU24858 does not reverse cytokine-induced
survival of human eosinophils to a significant extent, it
can be expected to be less potent in the treatment of
asthma than the currently used glucocorticoids.

Conclusion
In conclusion, we report here for the first time that
RU24858 does not dissociate between transactivation and
transrepression in non-malignant human cells, eosinophils.

Abbreviations
AP-1: Activator protein 1
COPD: Chronic obstructive pulmonary disease
CXCR4: Chemokine receptor 4

Page 8 of 10
(page number not for citation purposes)

Journal of Inflammation 2006, 3:10

http://www.journal-inflammation.com/content/3/1/10

GM-CSF: Granulocyte macrophage-colony stimulating
factor
10.

GR: Glucocorticoid receptor
11.

GRE: Glucocorticoid response element
IL: Interleukin
MCP-1: Monocyte chemoattractant protein 1
NF-κB: Nuclear factor κB

Competing interests
The author(s) declare that they have no competing interests.

12.

13.
14.
15.
16.

Authors' contributions
MJ carried out the eosinophil isolation, flow cytometric
assays, morphological analyses, statistics and drafted the
manuscript. EM participated in the design of the study
and helped to draft the manuscript. HH gave valuable collaboration in laboratory and in apoptosis studies. XZ and
IA gave assistance in the design and drafting of the manuscript. HK conceived the study, and participated in its
design and coordination and helped to draft the manuscript. All authors read and approved the final manuscript.

17.
18.
19.
20.
21.
22.

Acknowledgements
We appreciate the skilful technical assistance of Mrs Marja-Leena Lampen
and secretarial help of Mrs Heli Määttä. The study was supported by Tampere Tuberculosis Foundation (Finland), Finnish Anti-Tuberculosis Association Foundation, the Academy of Finland, Jalmari and Rauha Ahokas
Foundation (Finland) and the Medical Research Fund of Tampere University
Hospital.

References
1.
2.
3.

4.
5.
6.
7.

8.

9.

Giembycz MA, Lindsay MA: Pharmacology of the eosinophil.
Pharmacol Rev 1999, 51:213-340.
Gleich GJ: Mechanisms of eosinophil-associated inflammation.
J Allergy Clin Immunol 2000, 105:651-663.
Walker A, Ward C, Dransfield I, Haslett C, Rossi AG: Regulation of
granulocyte apoptosis by hemopoietic growth factors,
cytokines and drugs: Potential relevance to allergic inflammation. Curr Drug Targets Inflamm Allergy 2003, 2:339-347.
Walsh GM: Eosinophil apoptosis: Mechanisms and clinical relevance in asthmatic and allergic inflammation. Br J Haematol
2000, 111:61-67.
Cohen JJ: Apoptosis. Immunol Today 1993, 14:126-130.
Kankaanranta H, Lindsay MA, Giembycz MA, Zhang X, Moilanen E,
Barnes PJ: Delayed eosinophil apoptosis in asthma. J Allergy Clin
Immunol 2000, 106:77-83.
Wedi B, Raap U, Lewrick H, Kapp A: Delayed eosinophil programmed cell death in vitro: A common feature of inhalant
allergy and extrinsic and intrinsic atopic dermatitis. J Allergy
Clin Immunol 1997, 100:536-543.
Druilhe A, Wallaert B, Tsicopoulos A, Lapa , Tillie-Leblond I, Tonnel
AB, Pretolani M: Apoptosis, proliferation, and expression of
bcl-2, fas, and fas ligand in bronchial biopsies from asthmatics. Am J Respir Cell Mol Biol 1998, 19:747-757.
Gardai SJ, Hoontrakoon R, Goddard CD, Day BJ, Chang LY, Henson
PM, Bratton DL: Oxidant-mediated mitochondrial injury in

23.

24.
25.

26.
27.

28.

29.

30.

eosinophil apoptosis: Enhancement by glucocorticoids and
inhibition by granulocyte-macrophage colony-stimulating
factor. J Immunol 2003, 170:556-566.
Kankaanranta H, Moilanen E, Zhang X: Pharmacological regulation of human eosinophil apoptosis. Curr Drug Targets Inflamm
Allergy 2005, 4:433-445.
Lamas AM, Leon OG, Schleimer RP: Glucocorticoids inhibit eosinophil responses to granulocyte-macrophage colony-stimulating factor. J Immunol 1991, 147:254-259.
Letuve S, Druilhe A, Grandsaigne M, Aubier M, Pretolani M: Critical
role of mitochondria, but not caspases, during glucocorticosteroid-induced human eosinophil apoptosis. Am J Respir Cell
Mol Biol 2002, 26:565-571.
Meagher LC, Cousin JM, Seckl JR, Haslett C: Opposing effects of
glucocorticoids on the rate of apoptosis in neutrophilic and
eosinophilic granulocytes. J Immunol 1996, 156:4422-4428.
Wallen N, Kita H, Weiler D, Gleich GJ: Glucocorticoids inhibit
cytokine-mediated eosinophil survival.
J Immunol 1991,
147:3490-3495.
Woolley KL, Gibson PG, Carty K, Wilson AJ, Twaddell SH, Woolley
MJ: Eosinophil apoptosis and the resolution of airway inflammation in asthma. Am J Respir Crit Care Med 1996, 154:237-243.
Zhang JP, Wong CK, Lam CW: Role of caspases in dexamethasone-induced apoptosis and activation of c-jun NH2-terminal
kinase and p38 mitogen-activated protein kinase in human
eosinophils. Clin Exp Immunol 2000, 122:20-27.
Zhang X, Moilanen E, Adcock IM, Lindsay MA, Kankaanranta H:
Divergent effect of mometasone on human eosinophil and
neutrophil apoptosis. Life Sci 2002, 71:1523-1534.
Zhang X, Moilanen E, Kankaanranta H: Enhancement of human
eosinophil apoptosis by fluticasone propionate, budesonide,
and beclomethasone. Eur J Pharmacol 2000, 406:325-332.
Adcock IM: Glucocorticoid-regulated transcription factors.
Pulm Pharmacol Ther 2001, 14:211-219.
Leung DYB: Update on glucocorticoid action and resistance. J
Allergy Clin Immunol 2003, 111:3-22.
Newton R: Molecular mechanisms of glucocorticoid action:
What is important? Thorax 2000, 55:603-613.
Vayssiere BM, Dupont S, Choquart A, Petit F, Garcia T, Marchandeau
C, Gronemeyer H, Resche-Rigon M: Synthetic glucocorticoids
that dissociate transactivation and AP-1 transrepression
exhibit antiinflammatory activity in vivo. Mol Endocrinol 1997,
11:1245-1255.
Vanden Berghe W, Francesconi E, De Bosscher K, Resche-Rigon M,
Haegeman G: Dissociated glucocorticoids with anti-inflammatory potential repress interleukin-6 gene expression by a
nuclear factor-kappaB-dependent mechanism. Mol Pharmacol
1999, 56:797-806.
Tanigawa K, Tanaka K, Nagase H, Miyake H, Kiniwa M, Ikizawa K:
Cell type-dependent divergence of transactivation by glucocorticoid receptor ligand. Biol Pharm Bull 2002, 25:1619-1622.
Belvisi MG, Wicks SL, Battram CH, Bottoms SE, Redford JE, Woodman P, Brown TJ, Webber SE, Foster ML: Therapeutic benefit of
a dissociated glucocorticoid and the relevance of in vitro separation of transrepression from transactivation activity. J
Immunol 2001, 166:1975-1982.
Flower RJ: The mediators of steroid action. Nature 1986,
320:20-12.
Nagase H, Miyamasu M, Yamaguchi M, Kawasaki H, Ohta K,
Yamamoto K, Morita Y, Hirai K: Glucocorticoids preferentially
upregulate functional CXCR4 expression in eosinophils. J
Allergy Clin Immunol 2000, 106:1132-1139.
Kankaanranta H, De Souza PM, Barnes PJ, Salmon M, Giembycz MA,
Lindsay MA: SB 203580 an inhibitor of p38 mitogen-activated
protein kinase, enhances constitutive apoptosis of cytokinedeprived human eosinophils. J Pharmacol Exp Ther 3580,
290:621-628.
Liu J, Zhu X, Myo S, Lambertino AT, Xu C, Boetticher E, Munoz NM,
Sano M, Cordoba M, Learoyd J, Meliton A, Johnson M, Leff AR: Glucocorticoid-induced surface expression of annexin 1 blocks
beta2-integrin adhesion of human eosinophils to intercellular adhesion molecule 1 surrogate protein. J Allergy Clin Immunol 2005, 115:493-500.
Kankaanranta H, Giembycz MA, Barnes PJ, Haddad el-B, Saarelainen
S, Zhang X, Moilanen E, Lindsay MA: Hydrogen peroxide reverses
IL-5 afforded eosinophil survival and promotes constitutive

Page 9 of 10
(page number not for citation purposes)

Journal of Inflammation 2006, 3:10

31.

32.

33.
34.
35.
36.

37.
38.
39.

http://www.journal-inflammation.com/content/3/1/10

human eosinophil apoptosis.
Int Arch Allergy Imm 2002,
127:73-78.
Miyamasu M, Misaki Y, Izumi S, Takaishi T, Morita Y, Nakamura H,
Matsushima K, Kasahara T, Hirai K: Glucocorticoids inhibit chemokine generation by human eosinophils. J Allergy Clin Immunol
1998, 101:75-83.
Simon HU, Yousefi S, Schranz C, Schapowal A, Bachert C, Blaser K:
Direct demonstration of delayed eosinophil apoptosis as a
mechanism causing tissue eosinophilia. J Immunol 1997,
158:3902-3908.
Cameron L, Hamid Q: Regulation of allergic airways inflammation by cytokines and glucocorticoids. Curr Allergy Asthma Rep
2001, 1:153-163.
Payne DN, Adcock IM: Molecular mechanisms of corticosteroid
actions. Pediatr Respir Rev 2001, 2:145-150.
Jalonen U, Lahti A, Korhonen R, Kankaanranta H, Moilanen E: Inhibition of tristetraprolin expression by dexamethasone in activated macrophages. Biochem Pharmacol 2005, 69:733-740.
Korhonen R, Lahti A, Hamalainen M, Kankaanranta H, Moilanen E:
Dexamethasone inhibits inducible nitric-oxide synthase
expression and nitric oxide production by destabilizing
mRNA in lipopolysaccharide-treated macrophages. Mol Pharmacol 2002, 62:698-704.
Kenakin TP, Bond RA, Bonner TI: Definition of pharmacological
receptors. Pharmacol Rev 1992, 44:351-362.
Lu NZ, Cidlowski JA: Translational regulatory mechanisms
generate N-terminal glucocorticoid receptor isoforms with
unique transcriptional target genes. Mol Cell 2005, 18:331-342.
Temple R, Allen E, Fordham J, Phipps S, Schneider HC, Lindauer K,
Hayes I, Lockey J, Pollock K, Jupp R: Microarray analysis of eosinophils reveals a number of candidate survival and apoptosis
genes. Am J Respir Cell Mol Biol 2001, 25:425-433.

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 10 of 10
(page number not for citation purposes)

