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The anti-inflammatory activity of inhaled glucocorticoids is primarily mediated through transrepression
of pro-inflammatory transcription factors such as AP-1 and NF-jB, while systemic side effects are
largely attributed to transactivation via glucocorticoid response elements (GRE) in the promoter region
of responsive genes. The objective of this study is to investigate whether inhaled corticosteroids exhi-
bit differences in their transactivation and transrepression potencies. A549 human alveolar epithelial
type II like cells, stably transfected with a reporter plasmid containing an AP-1, NF-jB or GRE induced
secreted alkaline phosphatase reporter gene (SEAP), were exposed to a panel of concentrations of
the six inhaled and three systemic glucocorticoids. Glucocorticoid-induced changes in SEAP expres-
sion were quantified by chemiluminescence. For eight glucocorticoids (budesonide, desisobutyryl-cicle-
sonide, dexamethasone, flunisolide, fluocortolone, fluticasone propionate, mometasone furoate, predni-
solone) the EC50 for NF-jB mediated transrepression was significantly larger than that for both
transactivation and transrepression via AP-1. For the remaining glucocorticoid (triamcinolone aceto-
nide), it was greater than that for transactivation. It is concluded that, within the studied cell system,
inhaled corticosteroids did not exhibit preferential transrepression, but had higher potencies for trans-
activation than for transrepression via NF-jB and had differential potencies for the two transrepression
pathways.

1. Introduction

Inhaled glucocorticoids (GCs) are a cornerstone in the
pharmacotherapeutic management of inflammatory lung
diseases such as asthma (National Heart Blood and Lung
Institute 2005). Topical administration by inhalation en-
sures high local anti-inflammatory activity in the lung, but
limits undesired systemic activity (Hochhaus 2004).
Nevertheless, the fraction of an inhaled GC dose depos-
ited in the lung will be absorbed into the systemic circula-
tion and is responsible for the known systemic side effects
of inhaled GC therapy (Derendorf et al. 1998), including
suppression of the hypothalamic-pituitary-adrenal axis,
growth retardation and osteoporosis (Dahl 2006). Newer,
more recently introduced inhaled GCs have been designed
with properties that further support pulmonary targeting
and minimize systemic activity, including increased pul-
monary deposition efficiency and prolonged pulmonary re-
sidence time, low oral bioavailability to minimize uptake
of drug swallowed during the inhalation process, and high
systemic clearance for rapid inactivation once the GC has
entered the systemic circulation (Derendorf et al. 1998;
Hochhaus 2004).
After the key initial event of binding to the cytoplasmic
glucocorticoid receptor (GR), GCs produce their effects on
responsive cells by increasing or decreasing gene tran-
scription through processes known as transactivation and

transrepression, respectively (Barnes et al. 1998). Transac-
tivation is mediated through the binding of an activated
GR homodimer to glucocorticoid response elements (GRE)
in the promoter region of responsive genes. Many of the
systemic side effects associated with GC therapy (glauco-
ma, diabetes mellitus, hypertension, and osteoporosis) are
likely mediated at least in part by transactivation (Schacke
et al. 2002). Although GCs can induce gene transcription
of several anti-inflammatory mediators such as lipocortin-1,
interleukin-1 receptor antagonist, and interleukin-10, it is
unlikely that the wide-spread anti-inflammatory action of
GCs is due to the limited number of anti-inflammatory
genes controlled by transactivation (Barnes and Adcock
2003; Pelaia et al. 2003). In addition, negative GREs have
not been described in the promoter regions of inflamma-
tory genes suppressed by GCs (Barnes and Adcock 2003).
Thus, the anti-inflammatory effect of GCs is assumed to be
largely due to transrepression of inflammatory genes
through GR-mediated inhibition of pro-inflammatory tran-
scription factors such as nuclear factor-jB (NF-jB) and
activator protein-1 (AP-1) (De Bosscher et al. 2003; Haya-
shi et al. 2004). Many of the genes encoding inflammatory
mediators such as cytokines, chemokines, and adhesion
molecules are controlled by NF-jB and AP-1 (Barnes and
Karin 1997; Barnes and Adcock 1998).
A preferential transrepression compared to transactivation
may potentially reduce the risk of systemic side effects
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and could thus be a major advantage in inhaled GC ther-
apy. Transactivation and transrepression potencies of GCs
have previously been studied using gene reporter assays
and electrophoretic mobility shift assays (Smith and
Kreutner 1998; Adcock et al. 1999; Jaffuel et al. 2000;
Jaffuel et al. 2001; Austin et al. 2002; Roumestan et al.
2003), but investigations were limited to only a small
number of GCs per study and the applied methodologies
did not allow for an absolute comparison between transac-
tivation and transrepression potencies.
To address the question whether select inhaled corticoster-
oids exhibit preferential transrepression, the present study
determined the transactivation and transrepression poten-
cies of six topical GCs currently approved in North Amer-
ica and/or Europe for inhalation pharmacotherapy using
human lung epithelial (A549) cells stably transfected with
AP-1, NF-jB, or GRE dependent reporter plasmids: bude-
sonide, ciclesonide, flunisolide, fluticasone propionate,
mometasone furoate, and triamcinolone acetonide. Three
systemically administered GCs were investigated as refer-
ence: dexamethasone, fluocortolone, and prednisolone.

2. Investigations and results

The transactivation and transrepression potencies could be
determined for all studied GCs in all three cell systems.
By using several concentrations over a wide range, the
concentration-effect profile for each GC was well charac-
terized, as exemplified for fluticasone propionate in each
cell line (Fig. 1). As expected, repression of AP-1 and
NF-jB activity in the cell lines containing the pAP-1-
SEAP and pNF-jB-SEAP-NPT reporter plasmids resulted
in a decrease in SEAP expression and luminescence signal
from baseline (Fig. 1A and B). In the cell line containing
the pGRE-SEAP reporter plasmid, an increase in SEAP
expression and luminescence signal was seen due to trans-
activation (Fig. 1C). The average maximal inhibition of
AP-1 and NF-jB activity and activation of GRE from
baseline was 43%, 40%, and 182% respectively. There
were no statistically significant differences in maximum
effect between GCs in individual cell lines based on a
one-way ANOVA analysis (results not shown).
The transactivation and transrepression potencies for the
investigated GCs quantified as EC50, as well as their litera-
ture reported relative receptor affinity (RRA; relative to
dexamethasone [RRA¼ 100]) are listed in the Table
(Rohdewald et al. 1986; Würthwein et al. 1992; Rohatagi
et al. 2003; Valotis et al. 2004). In analogy to relative re-
ceptor affinity, Table 1 also includes the relative potency
for transactivation and transrepression calculated based on
the EC50 values observed in this study. In general, potency
rankings for transactivation and transrepression matched
the RRA ranking, except for several cases where GCs
with neighboring rank switched positions.
In each cell line an inverse relationship between RRA and
EC50 was observed (Fig. 2), indicating a positive correla-
tion between RRA and potency for both transrepression
and transactivation. This relationship appeared linear for
GCs with lower RRAs as indicated by the insert graphs in
Fig. 2. These insert graphs represent a range of RRA from
16 (prednisolone) to 935 (budesonide). However, with the
inclusion of all GCs studied, the relationship between
RRA and 1/EC50 appears curvilinear. In several cases, the
GCs with RRA greater than 1000 (desisobutyryl-cicleso-
nide, fluticasone propionate, mometasone furoate) exhib-
ited EC50 values lower than predicted by RRA alone. This
was especially apparent for mometasone furoate in each of

the cell lines, but was not observed with desisobutyryl-
ciclesonide and fluticasone propionate in the NF-jB cell
line.
The ability of individual GCs to differentiate between
transactivation and transrepression was investigated by
comparison of their respective potencies in the three trans-
fected cell lines and is presented in Fig. 3. For all GCs,
the EC50 for transrepression via NF-jB was significantly
greater than that for transactivation. Thus, all investigated
GCs have a higher potency for transactivation than NF-
jB-mediated transrepression in the transfected A549 cell
lines. In only two cases, desisobutyryl-ciclesonide and bu-
desonide, the transactivation potency was significantly
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Fig. 1: Concentration-effect profiles of fluticasone propionate (FP) for AP-1,
NF-jB, and GRE. Each point represents the mean � SD lumines-
cence signal (arbitrary units) of three measurements. For graphical
purposes, results shown for 10-5 pM are those for the vehicle con-
trol. The solid line represents the curve described by the sigmoid
Emax model (Eq. (1)).



higher than AP-1 mediated transrepression. In addition, all
investigated GCs except for triamcinolone acetonide had a
significantly higher potency for AP-mediated transrepres-
sion than for NF-jB mediated transrepression. None of
the investigated GCs, except dexamethasone, exhibited a
higher potency for either AP-1 or NF-jB mediated trans-
repression than for transactivation. This observation is also

reflected in the relative transactivation-to-transrepression
potencies listed in the Table.

3. Discussion

GCs are known to modulate gene expression through
transactivation and transrepression. While the majority of
the anti-inflammatory effects of GCs is believed to come
from inhibiting the actions of pro-inflammatory transcrip-
tion factors such as AP-1 and NF-jB, systemic side ef-
fects of inhaled corticosteroid therapy are largely attribu-
ted to transactivation (Dahl 2006). Thus, a preferential
transrepression compared to transactivation may poten-
tially reduce the risk of systemic side effects in inhaled
GC therapy and increase their risk-benefit ratio, although
there is so far no evidence that an optimized transactiva-
tion-to-transrepression ratio will have beneficial clinical ef-
fects (Hochhaus 2004).
In the present study, we determined the transcriptional po-
tencies of six inhaled GCs and three systemically adminis-
tered GCs by using A549 cells stably transfected with re-
porter plasmids containing an AP-1, NF-jB, or GRE
dependent promoter linked to the SEAP gene. Our results
indicate that none of the studied inhaled GCs has a higher
transrepression than transactivation potency. In fact, there
is a general trend for larger EC50 values for the NF-jB
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Table: Glucocorticoid relative receptor affinities (RRA) literature reported values* as well as estimated EC50 values (mean � SD)
and relative potencies for transrepression (AP-1, NF-jB) and transactivation (GRE)

Glucocorticoid RRA GRE NF-jB AP-1 Transactivation/-repression
potencies

EC50 (pM) Relative
potency

EC50 (pM) Relative
potency

EC50 (pM) Relative
potency

NF-jB vs.
GRE

AP-1 vs.
GRE

Prednisolone 16 4320 (198) 21.0 16969 (596) 12.4 4705 (484) 7.77 3.9 1.1
Fluocortolone 82 744 (279) 122 7847 (2063) 26.8 839 (324) 43.6 11 1.1
Dexamethasone 100 907 (131) 100 2106 (479) 100 366 (34.6) 100 2.3 0.4
Flunisolide 180 289 (33.1) 313 1563 (630) 135 309 (170) 118 5.4 1.1
Triamcinolone acetonide 233 300 (39.3) 302 830 (392) 254 524 (34.5) 69.7 2.8 1.7
Budesonide 935 90.3 (0.4) 1005 289 (5.2) 729 130 (9.4) 280 3.2 1.4
Desisobutyryl-ciclesonide 1210 10.3 (0.7) 8785 729 (215) 289 67.6 (4.0) 540 71 6.5
Fluticasone propionate 1800 10.6 (1.2) 8572 327 (28) 645 29.0 (20.4) 1262 31 2.7
Mometasone furoate 2900 9.29 (3.01) 9763 37.2 (2.1) 5662 8.25 (3.45) 4428 4.0 0.89

* (Rohdewald et al. 1986; Würthwein et al. 1992; Rohatagi et al. 2003; Valotis et al. 2004)
Relative potency for any glucocorticoid (GC) was calculated as (EC50,Dexamethasone/EC50,GC)� 100. Relative transactivation-to-transrepression potencies were calculated as (EC50,NF-jB or

AP-1/EC50,GRE). Bold numbers designate relative potencies that do not parallel the glucocorticoid ranking based on RRA
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Fig. 2: Plot of glucocorticoid relative receptor affinity (RRA) versus in-
verse EC50 values (nM) from the Table for AP-1, NF-jB, and
GRE. Data within the dashed box are shown as an insert graph.
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cell line versus the other two cell lines, translating into a
lower potency for NF-jB mediated transrepression com-
pared to AP-1 mediated transrepression or transactivation.
For five of the six inhaled GCs as well as the three sys-
temic GCs, the EC50 for inhibition of NF-jB activity was
significantly greater than that for inhibition of AP-1 activ-
ity and transactivation (p < 0.05). In the remaining GC,
triamcinolone acetonide, a statistically significant differ-
ence in EC50 was observed between NF-jB and GRE.
This suggests that, after GR activation in A549 cells, there
is preferential targeting of AP-1 and GRE as compared to
NF-jB.
The selective transrepression of AP-1 activity versus NF-
jB activity observed in this study is an interesting finding.
Transrepression is most likely mediated by GR monomers,
whereas dimerization of the GR is required for transactiva-
tion (Belvisi et al. 2001; Pelaia et al. 2003). The ability of
the GR monomer to distinguish between AP-1 and NF-jB
suggests that different mechanisms and/or molecular re-
gions are involved in the repression of these transcription
factors. This hypothesis is further supported by a recent
finding of a GR mutant that has an impaired ability to
repress stimulated NF-jB activity, but its AP-1 repression
activity remained intact (Bladh et al. 2005).
The results of our study on relative transcriptional poten-
cies differ significantly from several previous studies that
have investigated the transcriptional potencies of inhaled
GCs using gene reporter assays (Smith and Kreutner
1998; Adcock et al. 1999; Jaffuel et al. 2000; Austin et al.
2002; Roumestan et al. 2003) and reported higher GC
concentrations needed for transactivation versus transre-
pression (Adcock et al. 1999; Jaffuel et al. 2000; Roumes-
tan et al. 2003). The reason for these different observa-
tions is questionable, but may be related to the use of
different cell types, reporter constructs, and cell stimuli.
Only a small number of GCs was investigated in each of
these studies and the applied methodologies did not allow
for an absolute comparison between transactivation and
transrepression potencies. In one study, for example, sta-
bly transfected HeLa S3 cells were used to study transacti-
vation whereas transiently transfected A549 cells were
used to measure repression of AP-1 and NF-jB activity
(Jaffuel et al. 2000). In addition, 12-O-tetradecanoyl-phor-
bol-13-acetate (TPA) was used to stimulate AP-1 activity,
while NF-jB activity was enhanced by overexpressing the
p65 subunit. In another study, transactivation was meas-
ured by electrophoretic mobility shift assays, while trans-
repression of AP-1 and NF-jB was assessed by reporter
gene assays (Adcock et al. 1999). The use of different cell
lines, assays, and enhancers of NF-jB and AP-1 activity,
as well as the transfection status (transient vs. stable)
could all have an impact on observed differences in tran-
scriptional potencies between AP-1, NF-jB, and GRE.
In the current study, only one cell line was used, cells
were stably transfected with the respective reporter plas-
mids, and experimental conditions were kept similar for
each cell system in order to allow for comparisons. Using
SEAP as the reporter gene offered several advantages, in-
cluding the ability to measure activity by sampling media
rather than using cell lysates. Furthermore, the SEAP-
based chemiluminescence assay is reportedly ten times
more sensitive then luciferase assays (Yang et al. 1997).
The cell line used for transfection was selected based on
the focus of this study on inhaled GCs used for the phar-
macotherapy of asthma. Distal airways of the lung, includ-
ing the alveoli, likely play a role in the pathogenesis of
asthma and serve as a source of inflammatory mediators

(Dobbs 1994; Kraft 1999; Martin 2002), and thus, the
A549 human alveolar type II epithelium-like cell line was
considered appropriate for this study. While the expression
levels of SEAP varied between the three cell systems, the
observed EC50 values as measures of potency are not ex-
pected to be influenced by these differences. However, the
differences in expression will affect the observed Emax,
and thus comparisons between GCs with regard to Emax

were only made within an individual cell system.
It is well accepted that the potency for a given effect var-
ies between GCs and that potency correlates with RRA. In
vitro, this has been observed for transactivation and trans-
repression (AP-1, NF-jB) (Smith and Kreutner 1998; Jaf-
fuel et al. 2000), as well as other GC mediated events
such as induction of CD163 and inhibition of basophil
histamine release, IL-4 and IL-5 secretion, eosinophil via-
bility, expression of vascular cell adhesion molecule-1
(VCAM-1), and lymphocyte proliferation (Umland et al.
1997; Högger et al. 1998; Atsuta et al. 1999; Stellato et al.
1999; Mager et al. 2003; Valotis et al. 2004). In vivo,
good inverse correlations between RRA and EC50 as po-
tency measure have been described for cortisol suppres-
sion and inhibition of lymphocyte trafficking (Derendorf
et al. 1997; Rohatagi et al. 2003). The results of the pre-
sent study coincide with these reports as an inverse corre-
lation between RRA and EC50 was observed in each of
the three cell systems (Fig. 2). Although this relationship
appeared to be linear up to a RRA of �1000, mometa-
sone furoate, for example, exhibited a much lower EC50

than expected based on RRA in all cell lines. This obser-
vation of a curvilinear relationship observed between RRA
and 1/EC50 is not unique to the present study. Although
not explicitly reported, the results from other studies in-
vestigating transcriptional potencies, inhibition of VCAM-1
expression, inhibition of IL-4 and IL-5 secretion, and
induction of CD163, also exhibit a curvilinear relationship
between RRA and 1/EC50 when graphed (Umland et al.
1997; Smith and Kreutner 1998; Atsuta et al. 1999; Jaf-
fuel et al. 2000; Valotis et al. 2004). A potential reason for
this curvilinear relationship may be that in addition to
RRA, the activity of GCs may depend on their ability to
alter the GR conformation in a ligand dependent manner.
These conformational changes in the GR could have an
impact on its interaction with DNA, co-activators and
-repressors, and other transcriptional factors. Another pos-
sible explanation for the curvilinear relationship is the ex-
perimental variability associated with estimating RRA,
which may have resulted in an underestimation of the
RRA for GCs with high potency such as mometasone
furoate.
Several immunoregulatory genes including VCAM-1,
TNF-a (tumor necrosis factor a), RANTES (regulated
upon activation, normal T-cell expressed and secreted),
and GM-CSF (granulocyte-macrophage colony stimulating
factor), contain NF-jB and/or AP-1 sites in their promo-
ters or regulatory regions (De Bosscher et al. 2003). Sev-
eral studies have investigated the potency of various GCs
to inhibit the expression of the aforementioned immunore-
gulatory genes (Adcock et al. 1999; Atsuta et al. 1999;
Stellato et al. 1999; Jaffuel et al. 2000; Salter et al. 2007).
While the EC50 values observed in these studies differ
from those for transrepression of AP-1 and NF-jB activity
in the current study, in general, the rank potencies for
transrepression coincided with those for inhibition of
VCAM-1, TNF-a, RANTES, and GM-CSF expression.
The potency for GCs to transactivate the expression of
CD163 and the b2-adrenergic receptor have also been in-
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vestigated (Högger et al. 1998; Adcock et al. 1999; Valotis
et al. 2004), and again while the EC50 values differed
from those observed in this study for transactivation, the
rank potencies were in agreement with those for increas-
ing expression of CD163 and the b2-receptor.
Whether or not preferential targeting of AP-1 and GRE
observed in A549 cells can be extrapolated to other cell
types is questionable. Potency differences between cell
types can exist due to characteristics such as histone dea-
cetylase activity, modulation of GR activity by corepres-
sors and coactivators, and altered GC affinity due to the
phosphorylation status of the GR (Czock et al. 2005).
Transactivation in the transfected A549 cells of this study
occurred at concentrations similar to transrepression of
AP-1 for most studied GCs. Transactivation likely plays a
role in many of the systemic side effects seen with GC
therapy. However, the results presented here were ob-
served in human alveolar type II epithelial cells which are
during clinical pharmacotherapy with inhaled GCs not in-
volved in producing systemic side effects and in which
transactivation may even have a beneficial role. Indeed,
there are a number of GC inducible genes with anti-in-
flammatory effects including MAP kinase phosphatase 1
(MKP-1), Clara cell secretory protein, glucocorticoid-indu-
cible leucine zipper (GILZ), IL-1 receptor antagonist, lipo-
cortin-1, and inhibitor of NF-jB (IjBa) (Hayashi et al.
2004; Newton and Holden 2007). As new GC ligands are
being developed with preferential transrepression versus
transactivation properties in an attempt to improve their
risk-benefit ratio, based on the results of this study, this
improvement in risk-benefit ratio should be carefully ba-
lanced against the potential loss of anti-inflammatory ef-
fects. As suggested by others, “desirable” and “undesir-
able” transactivation and transrepression events need to be
defined, and rather than develop GCs that simply differ-
entiate between transactivation and transrepression, they
should be functionally screened to identify “differential”
compounds with favorable functional profiles (Newton and
Holden 2007).
In summary, the current investigation provides no indica-
tion that the currently available inhaled corticosteroids ex-
hibit preferential transrepression compared to transactiva-
tion. In fact transactivation potency was of similar or
higher magnitude as AP-1 mediated transrepression po-
tency for all investigated inhaled GCs, and was signifi-
cantly higher than the NF-jB mediated transrepression po-
tency.

4. Experimental

4.1. Glucocorticoids

Budesonide (Sicor, Milan, Italy), dexamethasone (Merck, Darmstadt, Ger-
many), flunisolide (Roche Diagnostics, Mannheim, Germany), fluocortolone
(Schering, Berlin, Germany), fluticasone propionate (GlaxoSmithKline,
Research Triangle Park, NC), prednisolone (SanofiAventis, Frankfurt, Ger-
many), and triamcinolone acetonide (SanofiAventis, Frankfurt, Germany)
were obtained from the indicated sources. Ciclesonide was isolated from
an Alvesco1 metered dose inhaler (Altana Pharma, Konstanz, Germany).
Mometasone furoate was purchased from United States Pharmacopeia
(Rockville, MD). All GCs were initially dissolved in dimethyl sulfoxide
(DMSO; Sigma-Aldrich, St. Louis, MO), and subsequent serial dilutions
with DMSO were stored at �20 �C.

4.2. Cell lines

A549 cells (human alveolar type II epithelium-like cell line; American
Type Culture Collection, Manassas, VA) stably transfected with AP-1, NF-
jB, or GRE dependent reporter plasmids were provided by the laboratory
of Dr. Charles R. Yates (University of Tennessee, Memphis, TN). The NF-
jB cell line was produced by transfecting A549 cells with the pNF-jB-
SEAP-NPT plasmid donated by Dr. Yeong Shik Kim (Seoul National Uni-

versity, Seoul, Korea) (Moon et al. 2001). This plasmid contains the neo-
mycin phosphotransferase (NPT) gene for geneticin resistance, in addition
to four tandem copies of the NF-jB consensus sequence fused upstream of
a TATA-like region (PTAL) from the Herpes simplex virus thymidine kinase
(HSV-TK) promoter. The AP-1 and GRE cell lines were created by co-
transfecting A549 cells with the reporter plasmids pAP-1-SEAP or pGRE-
SEAP and the pPUR plasmid conferring puromycin resistance (BD Bio-
sciences Clontech, Palo Alto, CA). The pAP-1-SEAP and pGRE-SEAP
plasmids contained either four tandem copies of the AP-1 consensus se-
quence or three tandem copies of the GRE sequence, respectively, fused
upstream of a TATA-like region (PTAL) from the HSV-TK promoter. Each
reporter plasmid consisted of an AP-1, NF-jB, or GRE dependent promo-
ter linked to the secreted alkaline phosphatase gene (SEAP). The three cell
lines were cultured in Dulbecco’s Modified Eagle Medium supplemented
with 10% heat inactivated fetal bovine serum, 100 U/mL penicillin,
100 mg/mL streptomycin, and either 10 mg/mL geneticin or 1 mg/mL puro-
mycin.

4.3. SEAP Reporter gene assay

A SEAP-based reporter assay was used to quantify transactivation and
transrepression activities of the investigated GCs. Expression of the SEAP
gene in the transfected A549 cells was modulated by GC addition through
interaction of the activated GR with AP-1, NF-jB or the GRE. As SEAP
is secreted into the culture medium in proportion to its mRNA levels in
the transfected cells, SEAP activity in the medium quantified by chemilu-
minescence was used to quantify the GC effect on the respective cell sys-
tem. All measurements used for this analysis were within the linear range
of the SEAP assay.
Transfected cells were seeded at 25,000 cells/well into 24-well cluster
plates, and incubated at 37 �C. After 24 h, the media was removed and
each well was washed with Dulbecco’s Modified Eagle Medium. Fresh
media was added, supplemented as described above, but rather 1% fetal
bovine serum was used. Fetal bovine serum serves to stimulate AP-1 and
NF-jB activity. The concentration of 1% was found to maximally stimu-
late AP-1 activity (data not shown), and subsequently was used for the
NF-jB and GRE cell lines to keep experimental conditions the same. The
cells were treated with vehicle or varying GC concentrations of 10�5 M to
10-14 M depending on the GC. The final concentration of DMSO per well
was 1%. For ciclesonide, porcine liver esterase (0.5 U/well) was used to
convert it to its active metabolite desisobutyryl-ciclesonide. After treat-
ment, the cells were incubated for an additional 24 h at 37 �C. Media was
sampled (50 mL), and SEAP activity was detected in a 96-well black plate
by chemiluminescence using the Great Escape SEAP Chemiluminescence
Detection Kit (BD Biosciences Clontech, Palo Alto, CA) on a luminometer
(DTX 880, Beckman Coulter, Fullerton, CA).

4.4. Pharmacodynamic and statistical analysis

Each experiment was repeated twice, with four additional concentrations
added in the second experiment to more accurately estimate the GC con-
centration that produces the half-maximal effect (EC50). This resulted in a
concentration-effect profile characterized by twelve concentrations (includ-
ing the vehicle control), each done in triplicate. The EC50 as a measure of
potency for transrepression or transactivation was estimated from the con-
centration-effect data for each individual experiment by nonlinear regres-
sion analysis (Scientist v.2.0; MicroMath, St. Louis, MO) using a sigmoid
Emax model:

E ¼ E0 � Emax � Cn=ðECn
50 þ CnÞ

where E is the incremental change in chemiluminescence signal from base-
line as a measure of GC effect, E0 is the chemiluminescence signal in the
absence of GC (vehicle control), Emax is the maximum incremental chemi-
luminescence change under GC exposure, C is the nominal GC concentra-
tion in the medium, and n is the Hill coefficient.
GCs exhibit moderate to high levels of plasma protein binding, with bound
fractions of approximately 70–90% (Derendorf et al. 1998; Czock et al.
2005). As only unbound GC can interact with the GR, the reported EC50

values were converted to unbound concentrations. Since a low amount of
FBS (1%) was used in this experiment, however, the EC50 values for total
and unbound concentrations were similar and only one set of EC50 values
is reported.
Differences in the EC50 values for transrepression and transactivation of
individual GCs were assessed after log-transformation using ANOVA (SAS
v.9.1; SAS Institute, Cary, NC). Statistical significance was considered as
p < 0.05.
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