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Background and purpose: Glucocorticoids are highly effective in the therapy of inflammatory diseases. Their value, however,
is limited by side effects. The discovery of the molecular mechanisms of the glucocorticoid receptor and the recognition that
activation and repression of gene expression could be addressed separately opened the possibility of achieving improved safety
profiles by the identification of ligands that predominantly induce repression. Here we report on ZK 245186, a novel,
non-steroidal, low-molecular-weight, glucocorticoid receptor-selective agonist for the topical treatment of inflammatory
dermatoses.
Experimental approach: Pharmacological properties of ZK 245186 and reference compounds were studied in terms of their
potential anti-inflammatory and side effects in functional bioassays in vitro and in rodent models in vivo.
Key results: Anti-inflammatory activity of ZK 245186 was demonstrated in in vitro assays for inhibition of cytokine secretion
and T cell proliferation. In vivo, using irritant contact dermatitis and T cell-mediated contact allergy models in mice and rats,
ZK 245186 showed anti-inflammatory efficacy after topical application similar to the classical glucocorticoids, mometasone
furoate and methylprednisolone aceponate. ZK 245186, however, exhibits a better safety profile with regard to growth
inhibition and induction of skin atrophy after long-term topical application, thymocyte apoptosis, hyperglycaemia and hepatic
tyrosine aminotransferase activity.
Conclusions and implications: ZK 245186 is a potent anti-inflammatory compound with a lower potential for side effects,
compared with classical glucocorticoids. It represents a promising drug candidate and is currently in clinical trials.
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Introduction

Glucocorticoids (GCs) are among the most effective drugs for
the treatment of inflammatory diseases. Their era started with
the discovery that cortisol was highly efficient in the
treatment of rheumatoid arthritis (Hench et al., 1949).

Correspondence: Heike Schaecke, PhD, Bayer Schering Pharma, Global Drug
Discovery, Müllerstr. 178, 13342 Berlin, Germany. Email: heike.schaecke@
bayerhealthcare.com
*Both authors contributed equally to this paper.
Received 20 October 2008; revised 8 December 2009; accepted 21 January
2009

British Journal of Pharmacology (2009), 158, 1088–1103
© 2009 The Authors
Journal compilation © 2009 The British Pharmacological Society All rights reserved 0007-1188/09
www.brjpharmacol.org



Tremendous efforts to develop more potent synthetic GCs
were started thereafter. In the early 1950s, the introduction of
hydrocortisone dramatically changed therapy in dermatol-
ogy. Enthusiasm for topical GCs with an increased potency
peaked in the 1960s and 1970s. However, this viewpoint soon
changed as highly potent GCs, especially over long periods,
were found to produce side effects that clearly limited their
use for chronic treatment (Maibach and Wester, 1992).

To reduce the systemic side effects of topical GCs, develop-
ment of new agents has focused on optimization of pharma-
cokinetic properties and a number of GCs conforming to
pro- or soft drug principles have been designed (Bodor and
Buchwald, 2006). While ‘soft drugs’ are compounds that
undergo rapid hepatic deactivation after exerting their phar-
macological effects at the site of disease (e.g. budesonide)
(Bodor and Buchwald, 2006), ‘pro-drugs’ are activated locally
by enzymes in the lung (e.g. ciclesonide) or in the skin [e.g.
methylprednisolone aceponate (MPA)] and exhibit low sys-
temic exposure. Especially in dermatology, the identification
of GCs displaying preferentially local activity led to a signifi-
cant improved effect/side effect ratio, the ‘therapeutic index’.
For example, mometasone furoate (MF) and MPA potently
inhibit pro-inflammatory cytokines and chemokines locally
and are clinically highly effective, whereas systemic side
effects are rare (Barton et al., 1991; Welker et al, 1996;
O’Connell, 2003). Both MPA and MF are classified as medium-
potent GCs based on their potency in the treatment of all
forms of eczema. They display the best therapeutic indices
and are currently accepted as gold standards of topical GC
therapy in dermatological indications (Luger et al., 2004).
Nonetheless, induction of skin atrophy continues to be a
potential issue for topically applied GCs (Booth et al., 1982;
Mills and Marks, 1993; Kimura and Doi, 1999). Depending on
the disease or its severity, longer treatment duration, the use
of more potent GCs or systemic application may become
necessary. In such a case, the risk of systemic undesired effects
increases. These are effects on the hypothalamo-pituitary-
adrenal axis, hyperglycaemia (potentially leading to
GC-induced diabetes), muscle atrophy, growth retardation in
children and others (Gomez and Frost 1976; Nilsson and Gip
1979; Aggarwal et al., 1993; De Swert et al., 2004; Garrott and
Walland 2004). Thus, there is a pressing need for better anti-
inflammatory drugs, which are as effective as classical GCs but
bear a lower risk for side effects.

A promising novel therapeutic approach is based on the
better understanding of the various molecular mechanisms of
the GC receptor (GR). The ligand-mediated activation of the
GR induces conformational changes that in turn lead to trans-
location of the receptor from the cytosol into the nucleus
where it modulates gene expression either positively
(transactivation) or negatively (transrepression). Major anti-
inflammatory effects of GCs are due to the GR-mediated
repression of stimulus-induced pro-inflammatory cytokines,
chemokines, adhesion molecules and enzymes. In addition,
the ligand-activated GR can also induce expression of proteins
displaying anti-inflammatory activity, such as GC-induced
leucine zipper (Berrebi et al., 2003), lipocortin-1/annexin-1
(Mizuno et al. 1997; Perretti and D’Acquisto, 2009) and
MKP-1 (Kassel et al., 2001). On the other hand, prominent
undesired effects, like diabetes mellitus, dyslipidemia, thymus

atrophy, muscle atrophy, glaucoma induction, are dependent
on GR-mediated activation of gene expression (see Schäcke
et al., 2002; Miner et al., 2005). In particular, catabolic effects
in liver or muscle are triggered by GR-dependent activation of
enzymes, such as phosphoenolpyruvate carboxykinase and
tyrosine aminotransferase (TAT) (see Schäcke et al., 2002). It
has been shown in vitro (Heck et al., 1994) and in vivo
(Reichardt et al., 1998) that repression activities of the GR
could be separated from activation activities of the receptor.
This discovery served as a valuable working hypothesis to
search for novel synthetic GR ligands that should display a
better therapeutic index than the known classical GCs. The
concept was confirmed in studies using mice carrying a
mutated GR (Reichardt et al., 2001). A point mutation within
the GR led to a dimerization deficiency that in turn abolished
the transactivation abilities of the receptor. Treatment of
these mice with dexamethasone generated a similar anti-
inflammatory response as in the wild-type animals (Reichardt
et al., 2001). Although recent basic research in the GR field
has discovered some limitations (see Schäcke et al., 2008), the
transactivation/transrepression model has proven to be a
valid tool for the discovery of GR ligands that have anti-
inflammatory function but with impaired transactivation-
mediated side effect potential. With this approach to search
for compounds with so-called dissociated profiles, new GR
ligands have been identified with a preference for repression
over activation activities in vitro, including AL-438 (Coghlan
et al., 2003), LGD-5552 (Lopez et al., 2008), ZK 216348
(Schäcke et al., 2004) and others (see Mohler et al., 2007;
Schäcke et al., 2008). None of these compounds, however, has
so far entered clinical development.

We have searched for a selective GR agonist particularly
suited for local application. Such a compound is expected to
show a favourable therapeutic index resulting primarily from
its molecular action (i.e. dissociation between transactivation
and transrepression) and a low systemic availability due to
low metabolic stability and high systemic clearance. We
screened many compounds using receptor binding assays fol-
lowed by cellular in vitro tests for GR-mediated transactivation
and transrepression and for anti-inflammatory activity as
well as various animal models of cutaneous inflammation,
GC-typical side effects and pharmacokinetic characterization.
Here we report on the characterization of ZK 245186, which is
currently in early clinical development for atopic dermatitis.
To the best of our knowledge, it represents the most advanced
dissociated GR ligand reported so far.

Methods

Binding and receptor selectivity
Receptor binding assays. Extracts from Sf9 cells, infected with
recombinant baculovirus coding for the human GR, progest-
erone receptor (PR), androgen receptor (AR) or mineralocor-
ticoid receptor (MR) were used for the receptor binding assays
(Schäcke et al., 2004). All receptor nomenclature follows the
‘Guide to receptors and channels’ (Alexander et al., 2008).

For the binding assays for GR, PR, AR and MR [1,2,4,6,7-
3H]dexamethasone (approximately 3.18 GBq·mmol-1, NEN)
(~20 nmol·L-1), [1,2,6,7-3H(N)]progesterone (approximately
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3.7 GBq·mmol-1, NEN), [17a-methyl-3H]methyltrieno-
lone (approximately 3.18 GBq·mmol-1, NEN) or D[1,2,6,7-
3H(N)]aldosterone (approximately 2.81 GBq·mmol-1, NEN)
respectively, SF9 cytosol (100–500 mg protein), test com-
pounds and binding buffer (10 mmol·L-1 Tris/HCL pH 7.4,
1.5 mmol·L-1 EDTA, 10% glycerol) were mixed in a total
volume of 50 mL and incubated for 1 h at room tem-
perature. Specific binding was defined as the difference
between binding of [1,2,4,6,7-3H]dexamethasone, [1,2,6,7-
3H(N)]progesterone, [17a-methyl-3H]methyltrienolone and
D[1,2,6,7-3H(N)]aldosterone in the absence and presence of
10 mmol·L-1 unlabelled dexamethasone, progesterone, metri-
bolone or aldosterone respectively. After incubation, 50 mL
of cold charcoal suspension was added for 5 min and the
mixtures were transferred to microtiter filtration plates. The
mixtures were filtered into Picoplates (Canberra Packard,
Dreieich, Germany) and mixed with 200 mL Microszint-40
(Canberra Packard). The bound radioactivity was determined
with a Packard Top Count plate reader. The concentration of
test compound giving 50% inhibition of specific binding
(IC50) was determined from Hill analysis of the binding
curves.

Selectivity assays. The potential of the ZK 245186 SEGRA and
competitor compounds to exhibit agonistic or antagonistic
activity in oestrogen receptor a- (ERa-), PR-, AR- and
MR-mediated transactivation assays was determined. Increas-
ing concentrations of test compounds were added: (i) to
MCF-7 cells stably transfected with a vit-tk luciferase reporter
gene; (ii) to SK-N-MC cells stably co-transfected with the
human PR and a mouse mammary tumour virus (MMTV)-
luciferase reporter gene; (iii) to CV-1 cells transfected with the
rat AR and an MMTV-luciferase reporter gene; and (iv) to
COS-1 cells co-transfected with the human MR and a MMTV-
luciferase reporter gene. Dose-dependent induction of
reporter gene activity by test compounds via the respective
nuclear receptors were determined and compared with the
potency and efficacy of the reference estradiol (ERa), prome-
gestone (PR), metribolone (AR) and aldosterone (MR). To test
for antagonistic activity, the effects of ZK 245186 and com-
petitor compounds on reporter gene activity stimulated by
estradiol (ERa), promegestone (PR), metribolone (AR) or
aldosterone (MR) were determined. Antagonistic potency and
efficacy of test compounds in the respective transactivation
experiments were compared with reference compounds: ful-
vestrant (ERa), mifepristone (PR), cyproterone acetate (AR)
and the MR antagonist ZK 91587.

Anti-inflammatory/immunomodulatory activity in vitro
(transrepression)
Inhibition of collagenase promoter activity. HeLa cells stably
transfected with a luciferase reporter gene linked to the col-
lagenase promoter were cultured for 24 h in Dulbecco’s modi-
fied Eagle’s medium supplemented with 3% charcoal
absorbed foetal calf serum (FCS), 50 units·mL-1 penicillin
and 50 mg·mL-1 streptomycin, 4 mmol·L-1 L-glutamine and
300 mg·mL-1 geneticin (all Invitrogen/Gibco Groningen,
the Netherlands). Cells were then seeded onto 96-well
dishes (1 ¥ 104 cells per well). After 24 h, cells were

incubated with inflammatory stimulus [10 ng·mL-1 12-o-
tetradecanoylphorbol 13-acetate (TPA)] with or without
increasing concentrations (1 pmol·L-1 to 1 mmol·L-1) of refer-
ence or test compounds. As negative control (unstimulated
cells) cells were incubated with 0.1% dimethylsulphoxide
(DMSO) and as positive control cells (stimulated cells) were
incubated with 10 mg·mL-1 TPA plus 0.1% DMSO. After 18 h
luciferase assay was carried out.

Inhibition of cytokine secretion in stimulated human primary
cells. All blood cells were used with written consent of the
donors in accordance with institutional ethical guidelines.
Effects of compounds on monocytic secretion of IL-12p40 was
determined after stimulation of peripheral blood mono-
nuclear cells (PBMCs) from healthy donors with 10 ng·mL-1

lipopolysaccharide (Escherichia coli serotype 0127:B8; Sigma,
Taufkirchen, Germany). Effects on interferon (IFN)-g secretion
were determined after PBMC stimulation with 10 mg·mL-1 of
the mitogenic lectin, phytohemagglutinin. After 24 h incuba-
tion (37°C, 5% CO2), cytokine concentrations in supernatants
of treated cells were determined using specific ELISA kits:
IFN-g and IL-12p40 ELISA (R&D Systems, Minneapolis, USA).

Inhibition of lymphocyte proliferation in mixed lymphocyte
reaction. Human PBMCs obtained from healthy donors
were isolated by centrifugation of heparinized blood on
Histopaque-1077 (Sigma) and cultured in RPMI 1640 medium
supplemented with FCS (10% v/v). For mixed leukocyte reac-
tion (MLR), PBMC from one donor were incubated with
50 mg·mL-1 Mitomycin C for 30 min at 37°C followed by
repeated washings with PBS and used as stimulator cells.
PBMCs from an unrelated donor were used as responder cells
and seeded (5 ¥ 104 cells per well) together with Mitomycin
C-treated stimulator PBMCs (1 ¥ 105 cells per well) in 96-well
round-bottom microtest plates (Costar). The cultures were set
up in triplicate, compounds were added in concentrations as
indicated in Figure 2 and plates were incubated at 37°C. On
day 5 PBMCs were pulse-labelled with [methyl-3H]-thymidine
(7.4 kBq per well) for 6 h and harvested on glass filters.
[3H]-thymidine incorporation of the triplicate cultures was
measured by liquid scintillation counts quantified by beta-
plate scintigraphy (1450 Microbeta Trilux) (Zügel et al., 2002).

In vitro surrogate marker for transactivation-mediated side effects
Induction of MMTV promoter activity. The MMTV promoter
was linked to a luciferase reporter gene and HeLa cells were
stably transfected with this construct. Cells were grown in
Dulbecco’s modified Eagle’s medium supplemented with 50
units of penicillin and 300 mg·mL-1 geneticin (all from
Invitrogen/Gibco, Groningen, the Netherlands). To study
transactivation activity of GR ligands, cells were cultured for
24 h in medium supplemented with 3% charcoal absorbed
FCS. Cells were then seeded onto 96-well plates with 1 ¥ 104

cells per well. After 24 h, cells were incubated with increasing
concentrations of reference (dexamethasone) or test com-
pounds. As negative control (unstimulated cells) cells were
treated with 0.1% DMSO. Cells were incubated for 18 h with
compounds, and then luciferase activity as a measure of GR
activity was determined.
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Induction of TAT activity. Induction of TAT by test com-
pounds was determined in vitro using the human hepatoma
cell line, HepG2. HepG2 cells were cultured in minimum
essential medium containing 2 mmol·L-1 glutamax, 10%
heat-inactivated FCS and 1% non-essential amino acids (all
from Invitrogen/Gibco, Groningen, the Netherlands). To test
induction of TAT by test compounds cells were seeded onto
96-well plates with 1 ¥ 105 cells per well. After 24 h cells were
incubated with test medium containing increasing concentra-
tions of test and reference compounds. After 24 h cells were
lysed and TAT activity was measured as absorption of the
aromatic p-hydroxybenzaldehyde at 340 nm upon conver-
sion of p-hydroxyphenylpyruvate.

Induction of apoptosis in the murine thymocyte cell line S49. To
test the induction of apoptosis by established GCs and ZK
245186, cells of the murine thymocyte cell line S49 were
co-incubated with increasing amounts of test or reference
compound (dexamethasone). As negative controls, solvent
(DMSO) was titrated in parallel to the volumes used in verum
samples. The proportion of apoptotic cells was assessed after 72
and 96 h of incubation by staining with annexin V/propidium
iodide and subsequent flow cytometric identification and
quantification of early annexin V(+)/propidium iodide(-) and
late apoptotic cells annexin V(+)/propidium iodide(-).
Compound-mediated apoptosis was calculated by subtracting
background values from corresponding serum values.

Determination of luciferase activity. 100 mL Steady-GloTM

luciferase substrate (Promega, Madison, WI, USA) were added
to cells, followed by an incubation for 10 min (in the dark).
Then luciferase activity was measured with MicroBeta TriLux,
Wallace 1450 (Perkin Elmer, Rodgau-Jügesheim, Germany) for
4 s per well as relative light units. All data (IC50 values and
efficacies) are expressed as mean value � standard deviation
(SD).

Animal experiments

All animal studies were approved by the competent authority
for labour protection, occupational health and technical
safety for the state and city of Berlin, Germany, and were
performed in accordance with the ethical guidelines of Bayer
Schering Pharma AG. Animals were obtained from Charles
River, Sulzfeld, Germany. NMRI mice (20–26 g), Wistar rats
(140–160 g) and juvenile hr/hr rats (100–140 g) were housed
according to institutional guidelines with access to food and
water ad libitum.

Anti-inflammatory activity in vivo
Compounds were co-applied with croton oil or with dinitro-
fluorobenzene (DNFB) in ethanol containing 5% isopropyl-
myristate or acetone/olive oil 4/1 respectively.

Irritant contact dermatitis in mice and rats. Both ears of NMRI
mice (10 per group) and Wistar rats (10 per group), respec-
tively, were topically treated with compounds or vehicle that
were dissolved in croton oil solution (10 mL of 1% for mice

and 20 mL of 6.5% for rats). After 24 h, animals were killed
and oedema was determined by measuring ear weight in mice
or 10 mm diameter ear punch biopsy weight in rats as
described earlier (Schäcke et al., 2004). As parameters for neu-
trophil infiltration, elastase activities were analysed in ear
homogenate. The effect of ZK 245186 was compared with
MPA and MF. Each experiment has been repeated twice.

Allergic contact dermatitis in mice and rats. NMRI mice (10 per
treatment group) were sensitized in the skin of the flank with
25 mL of 0.5% DNFB at days 0 and 1. On day 5, mice were
challenged by topical application of 20 mL of 0.3% DNFB as
described earlier (Zügel et al., 2002). Wistar rats were sensi-
tized with 75 mL of 0.5% DNFB at day 0. On day 5, rats were
challenged by topical application of 40 mL 0.4% DNFB. Test or
reference compounds (ZK 245186 and MPA respectively) were
topically co-applied in up to four different concentrations
(0.001%, 0.01%, 0.1% and 1%) with the hapten challenge.
After 24 h, animals were killed to determine ear weight and
elastase activity from ear homogenates as parameters for
oedema and neutrophil infiltration. Each experiment has
been repeated twice.

In vivo dissociation and side effect parameters
Determination of dissociated in vivo activity in mice as measured
by its anti-inflammatory versus pro-diabetogenic effects. Deter-
mination of the induction of enzymes such as TAT may serve
as a suitable surrogate marker for measuring the potential of a
compound to act via transactivation in vivo. Two groups of
mice (n = 10) were treated on the same day under identical
conditions. All compounds were applied s.c., ZK 245186 and
MPA in doses of 1, 3, 10, 30 mg·kg-1 body weight and MF in
doses of 0.1, 0.3, 1 mg·kg-1 body weight. One group of mice
was used in the croton oil model (main outcome parameter
was inhibition of oedema formation) and in the second group
of mice, TAT activity was determined from liver homogenates
as described earlier (Schäcke et al., 2004). Induction of TAT
activity was calculated in relation to vehicle-treated animals
as baseline (-fold TAT induction). To determine the therapeu-
tic window or the effect to side effect profile of the com-
pounds, the per cent inhibition of oedema formation on the
x-axis was plotted against TAT induction on the y-axis.

Glucose tolerance test following topical application of ZK 245186
onto rat skin. Hairless rats (hr/hr, n = 10) were treated topi-
cally with vehicle, ZK 245186 (0.1%), MPA (0.1%) or clobeta-
sol propionate (0.1%). Prednisolone (3 mg·kg-1 body weight)
p.o. served as a positive control to demonstrate GC-induced
changes on the glucose metabolism. Treatment was per-
formed once daily over four consecutive days. On day 5 after
an overnight fasting period, 1 g glucose per kg body weight
in 10 mL·kg-1 body weight was given orally and blood
glucose concentrations were determined immediately before
(baseline = 0 min) and shortly afterwards (30, 60, 120,
180 min) using glucose test strips and a blood sugar meter. In
house experience with marketed topical GCs showed that
compounds that only minimally increase blood glucose con-
centrations of topically treated hairless rats display low to no
risk of altering glucose metabolism in humans after topical
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use, when applied according to the manufacturer’s instruc-
tions (H. Wendt et al. unpubl. data).

Topical and systemic side effects following prolonged topical appli-
cation. The variables measured were skin fold thickness, skin
breaking strength (topical side effects) and total body weight
as well as weights of thymus, spleen and the adrenal glands
(systemic side effects after topical administration) as described
earlier (Schäcke et al., 2004). The treatment regimen was daily
application for 3 weeks.

Active compounds (ZK 245186, MPA and MF) or vehicle
(EtOH containing 5% isopropylmyristate) were topically
applied onto a skin area of 3 cm ¥ 3 cm of juvenile, hr/hr rats
(n = 10 per group) in equivalent concentrations for 19 days in
a volume of 75 mL. Two different concentrations of the active
compounds have been chosen: 3¥ ED50 determined in the
croton oil rat model (for ZK 245186, 0.042%; for MPA,
0.035%; for MF, 0.0027%) and a concentration that results in
ca. 80% inhibition of oedema formation in this model (for ZK
245186 and MPA, 0.1% and for MF, 0.01%).

Skin fold thickness and animal body weight were deter-
mined on days 1 (baseline), 5, 8, 12, 15 and 19. On day 20,
animals were killed for determination of the weight of the
following organs: thymus, spleen and adrenal glands. The
correlation between the skin thinning effects in rodents and
humans is well established (Kirby and Munro, 1976; van den
Hoven et al., 1991; Woodbury and Kligman, 1992). In this
paper, skin atrophy is defined as decrease of skin fold thick-
ness. Body weight, spleen and thymus weight as well as the
weight of the adrenal glands are used as measures of undes-
ired systemic effects of topically applied GCs or similar
compounds.

Statistical analyses
Competition factors, mean values and SD were determined
using the commercial software Excel-97. IC50/EC50 values have
been determined using DORA (Dose-Ratio Evaluation, version
1.4, copyright Schering AG 2000).

For comparison of in vitro activity data between the com-
pounds, the Mann Whitney rank sum test was used for
statistical analysis.

For all skin inflammation models in rodents, statistical
analysis was performed with a modified Fieller’s test, which
was developed by Bayer Schering’s Department of Biometrics
based on the program SAS System for Windows 6.12 (SAS
Institute, Cary, NC). To determine the inhibitory effect of

anti-inflammatory compounds, the difference between the
respective mean value of the positive controls and the
mean value of the vehicle controls was set at 100%, and
the percentile change by the test substance was estimated: %
change = [(mean valuetreated group - mean valuepositive group)/(mean
valuepositive group - mean valuecontrol group)] ¥ 100 (Schottelius et al.,
2002). To test whether the change caused by the treatment is
different from zero, a 95% confidence interval was calculated
under consideration of the variance of observations within
the entire experiment. If the interval did not include zero, the
hypothesis that there is no change was rejected at the level of
a = 0.05.

Statistical differences regarding TAT enzyme activities were
assessed by ANOVA. Different distribution of variances was
excluded using Barlett’s test and data were analysed by ANOVA

with Dunnett’s post-test using the program SISAM.
In the glucose tolerance test, analysis of covariance was

used on the log-transformed area under the curve (AUC),
using the log of the baseline value as a covariate. Note that for
the calculation of the AUCs, the trapezoidal rule was used.

Materials
ZK 245186, (R) - 1, 1, 1 - Trifluoro - 4 - ( 5 - fluoro - 2, 3 -
dihydrobenzofuran-7-yl)-4-methyl-2- {[(2-methyl-5-quinolyl)
amino]methyl}pentan-2-ol (melting point 186–188°C, logP
4.5 and molecular weight 462.48): MPA; MF, mifepristone,
RU 486: progesterone, metribolone; aldosterone, oestradiol,
fulvestrant, promegestone; cyproterone acetate; ZK 91587,
7a -methoxycarbonyl -15ß,16ß-methylene-3-oxo-17a-pregn-
4-ene-21,17-carbolacetone (Nickisch et al., 1990) were all
synthesized by the Medicinal Chemistry section of Bayer
Schering Pharma AG. Dexamethasone and prednisolone were
from Sigma. All compounds were dissolved in DMSO at a
concentration of 1 ¥ 10-2 mol·L-1 for in vitro characterization
and stored at -20°C. Further dilutions were made in the
appropriate cell culture media on the day of use. Final con-
centrations of DMSO did not exceed 0.1% and did not affect
the assays used here.

Results

ZK 245186 has a non-steroid structure (Figure 1) and belongs
to a group of topical selective GR agonists of the pentanol-
amine series.

In the following pharmacological in vitro characterization,
dexamethasone served as assay standard whereas the well-
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Figure 1 Chemical structures of ZK 245186, MPA and MF.
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established topical GCs, MPA and MF, were used as reference
compounds with which the novel GR ligand, ZK 245186, was
compared. Data for the direct comparison of the reference
compounds MPA and MF have been published by us recently
(Mirshahpanah et al., 2007).

ZK 245186 is a highly GR-selective ligand
ZK 245186 binds with a high affinity and selectivity to the GR.
In contrast, the binding profile of MF is not selective as
reported previously. MF also binds to the MR and PR with
high affinity (Table 1, and Mirshahpanah et al., 2007).

The receptor selectivity of ZK 245186 was confirmed using
MMTV-luciferase activation assays (PR, AR, and MR) and a
vitellogenin/thymidine kinase promoter (pvit-tk)-luciferase
activation assay (ERa) (Table 2). ZK 245186 does not show
significant activity via the ERa, PR, AR or MR. In contrast, as
shown recently, MF behaves as a strong progestin and a partial
agonist/antagonist in MR-dependent transactivation. MPA,
although it binds with very low affinity to the PR, is much
more selective for the GR in comparison with MF, which may
represent an advantage for MPA (Mirshahpanah et al., 2007).

In summary, ZK 245186 is highly selective at therapeuti-
cally effective concentrations, and has a better selectivity
profile than the standard topical GCs tested.

In vitro pharmacology
ZK 245186 shows anti-inflammatory/immunomodulatory activity
in cell lines and primary human cells. Collagenase promoter
activation in response to an inflammatory stimulus is well
known to be suppressed by a GR-mediated, DNA binding-
independent, repression mechanism (König et al., 1992; Heck
et al., 1994). The compound inhibited the TPA-triggered col-
lagenase promoter activity with an IC50 of 1.6 nmol·L-1 and an
efficacy of 89%. (Table 3).

Anti-inflammatory effects of GCs are partially mediated via
the inhibition of lipopolysaccharide-induced stimulation of
cytokines (Brattsand and Linden, 1996; Joyce et al., 1997;
Barnes, 2001). Using freshly isolated human PBMCs, ZK
245186 was more potent but less efficacious than MPA
in inhibition of lipopolysaccharide-induced secretion of
IL-12p40 (Table 3). MF was as effective as MPA but displayed
a higher potency than both ZK 241586 and MPA in this assay.

Co-incubation with a GR antagonist, RU-486, completely
prevented the inhibitory effects of ZK 245186 on
lipopolysaccharide-triggered IL-12p40 secretion, demonstrat-

ing that the inhibition of cytokine secretion by this com-
pound was GR-dependent (Figure 2).

Phytohemagglutinin stimulation of PBMCs led to a signifi-
cant increase in IFN-g secretion, a strong pro-inflammatory
cytokine produced by T cells, which was inhibited by the ZK
245186 and reference compounds. MF showed the highest
potency and efficacy, and MPA and ZK 245186 were equally
potent with similar efficacy (Table 3).

The MLR, that is, lymphocyte proliferation in response to
allogeneic leukocytes, represents a standard in vitro assay for T
cell immunity. Inhibition of MLR is induced by several classes
of immunosuppressive agents, including calcineurin inhibi-
tors, antimetabolites and GCs. ZK 245186 and the reference
compounds have been tested for inhibition of lymphocyte
proliferation in MLR. MF showed highest potency, but all
compounds displayed comparable and high efficacy in the
MLR (Table 3).

ZK 245186 has diminished transactivation activity. ZK 245186
was found to be less efficacious compared with the reference
compounds in GR-dependent transactivation assays as
shown by induction of MMTV-promoter activity in stably
transfected HeLa cells (with an efficacy of 67%) and induc-
tion of TAT activity in human hepatoma cells (with an effi-
cacy of 62%). In contrast, the efficacies of the tested classical
GCs were in a range between 91% and 113% (Table 4).
Regarding potency, a clear advantage for one or the other
mechanism could not be seen for ZK 245186 or for one of the
reference compounds. However, efficacy data obtained in
transactivation assays (MMTV and TAT) for ZK 245186
were lower compared with efficacy data found in the
transrepression/anti-inflammatory assays shown above
(between 82% and 99% for inhibition of collagenase pro-
moter, IL-12p40 and IFN-g secretion). When comparing effi-
cacy data from each transrepression assay (collagenase,
IL-12p40, IFN-g) with those from the transactivation assays
(MMTV, TAT), ZK 245186 displayed for all cases a signifi-
cantly higher efficacy for GR-mediated transrepression than
transactivation. For MPA and MF this could be shown in only
one instance (Table 5). These data underline that ZK 245186
behaved differently with regard to transactivation-induced
mechanisms, when compared with the classical GCs.

ZK 245186 has less effect on thymocyte apoptosis than classical
GCs. GC-induced thymus involution is a well-known and
unwanted phenomenon. Although the mechanisms of

Table 1 ZK 245186 is a highly selective GR ligand

GR (dexamethasone) PR (progesterone) AR (metribolone) MR (aldosterone)

ZK 245186 1.9 � 0.5 45 � 11.8 n.b. n.b.
n = 6 n = 6 n = 6 n = 6

MPA 1.8 � 0.2 50 � 0.4 n.b. n.b.
n = 2 n = 2 n = 2 n = 2

MF 2.5 � 0.6 1.7 � 0.4 41.8 � 12 1.6 � 0.4
n = 4 n = 4 n = 3 n = 4

Binding profile of ZK 245186, MPA and MF to steroid hormone receptors was determined as described in the Methods. The competition factor (CF; defined as IC50

of test compound/IC50 of reference compound) values are shown. Reference compounds are given in parentheses. By definition, CF is 1.0 for standard compounds.
AR, androgen receptor; GR, glucocorticoid receptor; MF, mometasone furoate; MPA, methylprednisolone aceponate; MR, mineralocorticoid receptor; n.b., no
binding; PR, progesterone receptor.
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GC-induced thymocyte apoptosis are still not entirely under-
stood, it is at least partially transactivation-dependent
(Ashwell et al., 2000; Reichardt et al., 2000). Thus, the poten-
tial of ZK 245186 in the induction of gene transcription was
determined in an assay for induction of thymocyte apoptosis
with comparison with the effects of dexamethasone, MPA and
MF. Remarkably, ZK 245186 did not induce apoptosis in the
murine thymocyte cell line, S49, in contrast to the classical
GCs included in the reference panel (Table 6, Figure 3).

Summarizing all the in vitro pharmacology data, ZK 245186
showed an anti-inflammatory activity comparable to MPA,
but was less active compared with MF. In contrast, it showed
substantially lower efficacies in assays of surrogate markers for
potential transactivation-mediated side effects, suggesting a
potentially advantageous safety profile in vivo.

In vivo pharmacology
The compound was tested in two skin inflammation animal
models in mice and rats. As the model for non-specific inflam-
mation, the irritant contact dermatitis model (croton oil) and
for T cell-dependent inflammation, a model of allergic
contact dermatitis (in response to DNFB) were chosen. The
validity of these models has been established as many of the
test compounds that exert marked anti-inflammatory efficacy
in these models are therapeutically effective in human
inflammatory skin diseases (Zollner et al., 2004). This is espe-
cially true for compounds acting via the GR, as there is a good
correlation between the potency of GCs in these models and
the potency observed in humans (Tramposch, 1999).

ZK 245186 exerts potent anti-inflammatory activity in irritant
contact dermatitis in rodents. As shown in Figure 4A and B, ZK
245186 markedly and significantly inhibited ear inflamma-
tion in mice when applied topically to the ear. Already a
significant reduction of ear weight as a marker of skin inflam-
mation was observed at 0.001%, and maximum inhibition
was achieved at 0.1%. The efficacy and potency of ZK 245186
were similar to that of MPA and the ED50 for inhibition of
oedema formation was 0.001% and 0.002% for ZK 245186
and MPA respectively. The ED50 for inhibition of elastase activ-
ity as a marker of neutrophil infiltration was identical for both
compounds (0.008%).

Likewise, ZK 245186 inhibited croton oil-induced acute
skin inflammation in rats (Figure 4C and D). All parameters
including punch biopsy weight as a marker for overall skin
inflammation and neutrophil infiltration measured by
elastase activity were markedly and significantly reduced by
ZK 245186. ZK 245186 was of similar potency regarding inhi-
bition of oedema formation (ED50 0.008%) as the reference
compound MPA (ED50 0.01%). MF showed about 10 times
higher potency than MPA and ZK 245186 in this rat model,
whereas MPA and MF are equipotent in man, in the same
0.1% formulation (Kecskes et al., 1993). In the croton oil-
induced acute skin inflammation model in rats, the efficacies
for ZK 245186, MPA and MF were comparable.

Immunomodulatory activity of ZK 245186 in rodent allergic
contact dermatitis models. In mice, topically applied ZK
245186 markedly inhibited ear oedema formation in DNFB-Ta
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induced contact dermatitis (measured by ear weight), reach-
ing a maximum inhibition of 78% at concentrations of 0.1%
with an ED50 concentration of 0.008%. The efficacy and
potency of ZK 245186 to inhibit oedema formation were
comparable to that of MPA. In addition, both compounds
inhibited neutrophil skin infiltration with comparable
efficacy (Figure 5A and B).

As shown in Figure 5C and D, ZK 245186 also significantly
and markedly inhibited oedema formation and neutrophil
skin infiltration and in DNFB-induced contact allergy in rats.
The efficacy of ZK 245186 at 0.1% in the inhibition of oedema
formation and neutrophil infiltration was 80% and 99%

respectively, similar to that of MPA. ED50 values for inhibition
of oedema and neutrophil infiltration were 0.0095% and
0.004%. No differences between the potency of ZK 245186
and MPA were observed.

ZK 245186 is dissociated in vivo as measured by its anti-
inflammatory versus pro-diabetogenic properties after systemic
application. Impairment of glucose metabolism following
GC application is predominantly caused by their transactivat-
ing potential, leading to induction of several enzymes
involved in amino acid catabolism and gluconeogenesis, such
as TAT. Therefore, determination of TAT induction may serve
as a surrogate marker for measuring the potential of a com-
pound to act via transactivation in vivo (Schäcke et al., 2004).
Although all three compounds markedly inhibited croton
oil-induced ear inflammation to a similar degree following s.c.
application (Figure 6A), their potential for TAT induction was
very different. ZK 245186 did not significantly induce TAT
(maximum induction 1.67-fold compared with vehicle-
treated animals at 87% inhibition of oedema formation;
Figure 6B). MPA and MF, however, significantly and dose-
dependently induced TAT activity (MPA up to 7.67-fold at
106% oedema inhibition and MF up to 6.64-fold at 88%
inhibition). These data show that ZK 245186 is dissociated in
vivo, whereas this is not the case for MPA and MF. The thera-
peutic ratio of ZK 245186 regarding its in vivo dissociation for
the above-mentioned parameters is shown in Figure 6C.

ZK 245186 does not alter glucose concentrations in the oral glucose
tolerance test in therapeutically active doses in rats. GCs fre-
quently cause hyperglycaemia by: (i) decreasing utilization of
glucose; (ii) increasing hepatic glucose production; and (iii)
inhibiting insulin sensitivity in hepatocytes, myocytes and
adipocytes. The aim of this study was to analyse whether
repeated topical or systemic application of marketed GCs is
able to alter glucose tolerance and to investigate whether

Table 3 Anti-inflammatory and immunomodulatory activity (transrepression) in vitro

n IC50 (nmol·L-1) P-value versus ZK 245186 Efficacy (%) P-value versus ZK 245186

Inhibition of collagenase promoter activity
ZK 245186 6 1.6 � 0.3 89 � 4
MPA 5 9.3 � 3.0 0.004 92 � 7 0.329
MF 6 0.07 � 0.02 0.002 96 � 5 0.015
Inhibition of IL-12p40 secretion
ZK 245186 6 7.2 � 2.0 83 � 8
MPA 6 16.8 � 9.3 0.041 98 � 2 0.002
MF 5 0.1 � 0.01 0.004 100 � 3 0.004
Inhibition of IFN-g secretion
ZK 245186 5 10.3 � 7.8 88 � 6
MPA 4 15.2 � 11.1 0.73 88 � 23 0.286
MF 4 0.08 � 0.03 0.016 101 � 1 0.016
Inhibition of lymphocyte proliferation (MLR)
ZK 245186 4 37.9 � 23.2 99 � 14
MPA 4 32.1 � 11.5 1.000 102 � 10 0.886
MF 4 0.15 � 0.1 0.029 88 � 12 0.486

Inhibition of collagenase promoter activity (in HeLa cells), lipopolysaccharide-induced IL-12p40 secretion (in human PBMCs) and phytohemagglutinin-induced
IFN-g secretion (in human PBMCs) by ZK 245186, MPA and MF were determined as described in the Methods. Inhibition of lymphocyte proliferation in 5 day MLR
with allogeneic PBMCs by ZK 245186, MPA and MF were determined as described in the Methods. IC50 values are listed as mean value � SD. Efficacies are shown
as % of maximum effect of the reference dexamethasone at 1 mmol·L-1.
IFN, interferon; MF, mometasone furoate; MLR, mixed leukocyte reaction; MPA, methylprednisolone aceponate; PBMCs, peripheral blood mononuclear cells.
Figures in bold indicate that there is a significant difference.
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Figure 2 Inhibition of IL-2 secretion by ZK 245186 is glucocorticoid
receptor (GR)-mediated. The GR antagonist RU 486 (10 mmol·L-1)
antagonizes IL-12p40 inhibition of ZK 245186. PBMCs were stimu-
lated with lipopolysaccharide to induce IL-12p40 secretion. Treat-
ment of cells with increasing concentrations of ZK 245186 (—)
inhibited IL-12p40 secretion. Co-treatment with the GR antagonist
RU 486 (----) totally prevented this inhibitory effect of ZK 245186.

Characterization of ZK 245186
H Schäcke et al 1095

British Journal of Pharmacology (2009) 158 1088–1103



application of ZK 245186 may have advantages compared
with classical GCs such as MPA.

ZK 245186, MPA and clobetasol propionate, the most
potent topical GC, used as reference for systemic side effects
after topical administration, were topically applied over a
period of 4 days, whereas prednisolone as positive control was
given orally. Fasting blood glucose among different groups on
day 5 was in the range of 1–1.1 g·mL-1. Following glucose
challenge, a rapid increase of blood glucose concentrations
was observable in all groups within 30 min. In vehicle- and
ZK 245186-treated animals (topical), blood glucose concen-
trations were rapidly reduced and reached baseline values
within 120 min. In contrast, in animals pre-treated with
either prednisolone orally or clobetasol propionate topically,
glucose concentrations did not fall within the first 60 min
and remained at the near maximal concentration for up to
120 min. AUC values (0–180 min) differed clearly between
vehicle-treated animals and prednisolone (P < 0.001) as well

as clobetasol propionate-treated animals (P < 0.01). MPA-
treated animals took an intermediate position in between
vehicle and ZK 245186-treated animals on one side and pred-
nisolone and clobetasol propionate on the other. Normaliza-
tion of blood glucose concentration in MPA-treated animals
was delayed and AUC values had a trend to be different from

Table 4 Transactivation activity

n EC50 (nmol·L-1) P-value versus
ZK 245186

P-value
versus MPA

Efficacy (%) P-value versus
ZK 245186

P-value
versus MPA

Induction of MMTV promoter activity
ZK 245186 6 7.1 � 3.2 67 � 6
MPA 5 21.8 � 5.5 0.003 90 � 6 0.003
MF 3 0.18 � 0.11 0.017 0.036 113 � 12 0.017 0.036
Induction of TAT activity in human hepatoma cells
ZK 245186 5 71.2 � 64.6 62 � 7
MPA 4 20.5 � 1.7 0.016 98 � 2 0.016
MF 4 0.1 � 0.01 0.016 0.029 100 � 3 0.016 0.029

Induction of MMTV promoter and TAT activities by ZK 245186, MPA and MF were determined as described in the Methods. EC50 values are listed as mean
values � SD. Efficacies are shown as % of maximum effect of the reference dexamethasone.
MF, mometasone furoate; MPA, methylprednisolone aceponate; MMTV, mouse mammary tumour virus; TAT, tyrosine aminotransferase.
Figures in bold indicate that there is a significant difference.

Table 5 Comparison of efficacy data obtained in transrepression assays [inhibition of collagenase promoter activity (Coll) and of IL-12p40 and
IFN-g secretion] with efficacy data from transactivation assays (induction of MMTV promoter and of TAT activity)

Coll/MMTV IL-12p40/MMTV IFN-g/MMTV Coll/TAT IL-12p40/TAT IFN-g /TAT

ZK 245186 Efficacy (%) 89/67 83/67 88/67 89/62 83/62 88/62
P-value 0.001 0.008 0.003 0.004 0.009 0.008

MPA Efficacy (%) 92/90 98/90 88/90 92/98 98/98 88/98
P-value 0.548 0.03 0.556 0.413 0.114 0.686

MF Efficacy (%) 96/113 100/113 101/113 96/100 100/100 101/100
P-value 0.095 0.143 0.629 0.914 0.556 0.029

P-values were determined using Mann Whitney rank sum test. Efficacy data are given in % (efficacy TR/efficacy TA).
IFN, interferon; MF, mometasone furoate; MPA, methylprednisolone aceponate; MMTV, mouse mammary tumour virus; TAT, tyrosine aminotransferase.
Figures in bold indicate that there is a significant difference.

Table 6 ZK 245186 does not induce thymocyte apoptosis in vitro

Time point (h) n ZK 245186 (%) MPA (%) MF (%)

72 2 -8.2 � 11.2 46.5 � 8.7 93.6 � 3.0
96 2 10.4 � 2.2 72.6 � 3.0 94.2 � 1.9

Glucocorticoid-mediated apoptosis in S49 thymocytes has been determined
after 72 and 96 h of incubation with ZK 245186 or reference compounds at
1 mmol·L-1 as described in Methods. Background values (solvent DMSO) are
subtracted. Results given show mean values normalized to the maximum effect
of 1 mmol·L-1 dexamethasone of n = 2 experiments.
DMSO, dimethylsulphoxide; MF, mometasone furoate; MPA, methylpredniso-
lone aceponate.
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are shown.
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vehicle-treated animals (P = 0.07). When MPA was compared
with ZK 245186, this trend reached the level of significance
(P < 0.05; Figure 7). In contrast to all the GCs tested, ZK
245186 did not disrupt the normal response to oral glucose
challenge.

ZK 245186 has an improved cutaneous and systemic side effect
profile after topical application. The aim of this experiment
was to analyse the local and systemic safety profile of ZK

245186. The variable measured was skin fold thickness as
indicator for skin atrophy (topical side effects). Measuring
skin thickness in the rat model is known to be a very sensitive
indicator of GC-mediated skin atrophy and it allows a rank-
ordering of GC-mediated skin atrophy that correlates with the
human situation (own observations; data not shown). Total
body weight as well as weight of thymus and the adrenal
glands were determined as indicators for systemic side effects
after topical administration for 19 days at two different con-
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Figure 4 Inhibition of croton oil-induced irritant contact dermatitis in mice and rats. Inhibition of oedema (A) and neutrophil infiltration (B)
in the croton oil-induced model using female NMRI mice by topical treatment with ZK 245186 and methylprednisolone aceponate (MPA).
Results show mean values � SD from one representative (with 10 animals per group) out of three independent experiments. Comparing
maximum inhibitory effects on oedema formation of ZK 245186 (0.1%) and MPA (0.1%), no significant differences between ZK 245186 and
MPA were found (Tukey’s post-test using SISAM software package). Inhibition of oedema formation (C) and neutrophil skin infiltration (D) by
ZK 245186 compared with MPA and mometasone furoate (MF) in the croton oil-induced irritant contact dermatitis model in rats. Results show
mean values � SD from one (with 10 animals per group) out of three independent experiments. Difference between vehicle and croton oil
control bars represents the full magnitude of inflammation. Comparing maximum inhibitory effects on oedema formation of ZK 245186
(0.1%), MPA (0.1%) and MF (0.1%), no significant differences between ZK 245186, MPA and MF were found (Tukey’s post-test using SISAM
software package). *P < 0.05 versus croton oil control (modified ‘Hemm-Test’, Department of Biometry, Bayer Schering Pharma AG).
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centrations: 3¥ ED50 of anti-inflammatory effects and a con-
centration that results in ca. 80% inhibition of oedema
formation in the croton oil rat model.

Skin fold thickness was significantly decreased in all groups
compared with vehicle-treated animals when measured at the
end of the treatment period on day 19. This effect was dose-
dependent for all compounds. Reduction in skin fold thick-
ness was most pronounced for MF-treated animals, whereas it
was less pronounced for ZK 245186 and MPA. Skin fold thick-

ness was significantly higher in MPA- and ZK 245186-treated
animals compared with MF-treated animals. The superiority
of MPA versus MF with regard to its atrophogenic potential
has been reported previously (Mirshahpanah et al., 2007).
There was no significant difference between MPA and ZK
245186 treatments, both showing only minimal effects on
skin thickness (Figure 8A).

Regarding systemic side effects, ZK 245186 showed the least
effects when compared with MF and MPA. Animal growth was
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Figure 5 Inhibition of dinitrofluorobenzene (DNFB)-induced allergic contact dermatitis in mice and rats. Inhibition of oedema (A) and
neutrophil infiltration (B) by ZK 245186 compared with methylprednisolone aceponate (MPA) in female NMRI mice. Results show mean
values � SD from one representative (with 10 animals per group) out of three independent experiments. Comparing maximum inhibitory
effects on oedema formation of ZK 245186 (0.1%) and MPA (0.1%), no significant differences were found (Tukey’s post-test using SISAM
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compared with DNFB positive control.
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not significantly reduced in ZK 245186-treated animals
whereas this was the case in MPA- and MF-treated animals at
the higher concentration. Body weight of MF-treated animals
(0.01%) was significantly lower compared with ZK 245186-
treated animals (0.1%) (Figure 8B). Also thymus weight was
not significantly decreased in ZK 245186-treated animals
whereas this was the case following application of MPA and
MF treatment. Thymus weight of ZK 245186-treated (0.1%)
animals was significantly higher than following MPA (0.1%)
and MF (0.01%) treatments (Figure 8C). Adrenal gland weight
was slightly but not significantly reduced in all compound-
treated groups compared with vehicle, and no significant
differences between the compounds have been observed (data
not shown).

Summarizing the in vivo data, ZK 245186 shows similar
anti-inflammatory effects in rodents but fewer side effects
than those of the classical GCs.

Pharmacokinetics
ZK 245186 is metabolically highly unstable with liver
microsomes from various species, including human. In vivo
kinetics in rats show a high hepatic clearance (CLH > 80% of
liver blood flow), and a high volume of distribution (Vss:
8 L·kg-1). It has a short half-life (2 h) after i.v. administration
and a low bioavailability (9%) after topical administration
(data not shown). The prediction of human pharmacokinetics
suggests a high hepatic blood clearance, a free but not
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excessive tissue distribution and a short half-life. Thus, these
physicochemical and pharmacokinetic properties characterize
ZK 245186 as being suited for topical treatment with low
systemic activity.

Discussion

The GCs are among the most effective anti-inflammatory
drugs. However, their value is limited by side effects. There-
fore, in the pharmaceutical industry there is intense effort to
identify compounds that display tailored biological properties
leading to an improved safety profile (see Mohler et al., 2007;
Schäcke et al., 2008). The first in vitro dissociated GR ligands,
such as RU 24782, RU 24858 and RU 40066 (Vayssiere et al.,
1997), did not show a separation of anti-inflammatory effects
from side effects in vivo (Belvisi et al., 2001). Newer com-
pounds, however, have been demonstrated to display a disso-
ciated profile in vitro and in vivo. These include AL-438
(Coghlan et al., 2003), ‘compound A’ from an academic group
(De Bosscher et al., 2005), LGD-5552 (Braddock, 2007; Lopez
et al., 2008) and our first reported selective GR agonist, ZK
216348 (Schäcke et al., 2004). Whereas these compounds are
valuable as investigational tools and support the hypothesis
that dissociation of the molecular mechanisms can be trans-
lated into a higher therapeutic index, they may not necessar-
ily represent drug candidates. Drawbacks like limited
selectivity, unclear toxicology or unsuitable pharmacody-
namic profile might prevent clinical use in patients.

The main focus in the search for novel GR ligands is on
compounds to be used systemically. There are, however, a few
programmes, including ours, aiming also at the identification
of compounds particularly suited for topical application, such
as cutaneous application in dermatoses, ophthalmic applica-
tion for eye diseases or inhaled therapy in asthma. Such
compounds have a target profile beyond the molecular disso-
ciation, for instance, with regard to pharmacokinetic aspects,
where low systemic bioavailability due to low metabolic sta-
bility would be an advantage. With ZK 245186, we describe
for the first time a promising, novel, dissociated GR ligand
suitable for topical treatment.

In vitro characterization showed that ZK 245186 binds with
high affinity to the GR and is selective for the GR (Tables 1
and 2). Inhibition of pro-inflammatory cytokines (Andreakos,
2003; Braddock et al., 2004; Vandenbroeck et al., 2004) and
chemokines (Bunikowski et al., 2000; Sebastiani et al., 2002)
has been shown to be important for therapy of inflammatory
skin diseases. In cell lines as well as in human primary cells,
ZK 245186 inhibited stimulus-induced AP-1 activity, cytokine
secretion and lymphocyte proliferation with high efficacy
(Table 3). In contrast, ZK 245186 displayed a reduced efficacy
in transactivation assays (Tables 4 and 5) and was ineffective
in inducing apoptosis in murine thymocytes (Figure 3 and
Table 6). These data indicated that ZK 245186 is a molecularly
dissociated GR ligand with the potential for full anti-
inflammatory activity in vivo, but a lower risk to induce side
effects, or surrogate markers for side effects, in animal models.

Indeed, in two models of contact dermatitis a strong anti-
inflammatory activity of this compound was demonstrated.
Applied topically, ZK 245186 inhibited skin inflammation in
croton oil-induced irritative dermatitis and in DNFB-induced
contact hypersensitivity in mice and rats, as effectively as
MPA and MF (Figures 4 and 5). Remarkably, ZK 245186 was
clearly superior to MF, in terms of a risk of inducing skin
atrophy (Figure 8). Moreover, when we looked at undesired
systemic effects after topical as well as after systemic admin-
istration of pharmacologically active doses, the advantage of
ZK 245186 was even more pronounced in comparison with
both MPA and MF (Figure 6). So, surrogate markers for diabe-
tes mellitus induction (increase in hepatic TAT activity and
disturbed tolerance to oral glucose challenge) were not trig-
gered by ZK 245186, in contrast to MPA and/or MF (Figure 7).
Additionally, fully in line with the in vitro results from the
assay of thymocyte apoptosis, thymus involution also was not
induced by ZK 245186 after long-term topical treatment in
contrast to both MPA and MF (Figure 8).

Together with a favourable pharmacokinetic profile, this
pharmacodynamic profile resulted in an improved effect/side
effect ratio in rodents for ZK 245186, compared with two
well-established compounds for local GC treatment of inflam-
matory skin diseases. Consequently, we hypothesize that ZK
245186 may demonstrate significant advantages over conven-
tional topical GCs in patients. Recently published clinical
data, demonstrating similar efficacy for MPA or MF and tac-
rolimus in patients with atopic dermatitis (Bieber et al., 2007;
Gradman and Wolthers, 2008), might also suggest that ZK
245186 could compete not only with established topical GCs
but also with the more recently marketed topical calcineurin
inhibitors. The fact that ZK 245186 represents a potent and
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highly specific GR ligand is a good precondition for a favour-
able safety profile.

Why do we see less undesired effects with ZK 245186 in vitro
and in vivo? ZK 245186 binds to the GR with high affinity and
induces anti-inflammatory effects, in a similar manner as the
reference GCs. Nevertheless, this new compound varies from
the classical GCs in some important aspects. First, ZK 245186
has a non-steroidal chemical structure. This feature may also
be of interest as there is discomfort in a considerable subset of
patients regarding the use of steroidal GCs (‘steroid-phobia’)
(Charman et al., 2002). Second, ZK 245186 is highly specific
for the GR and, therefore, interferes less with other closely
related, nuclear receptors, such as the MR, than is found for
the classical GCs. Third, in mechanistic assays, ZK 245186

showed a preference for actions related to repression over
those related to activation in vitro (dissociation). Fourth and
most importantly, this molecular dissociation was also exhib-
ited in vivo in rodent models for anti-inflammatory efficacy
and side effect induction. All these aspects combined with the
suitable pharmacokinetic properties have been considered for
compound generation and selection and add up to an
improved therapeutic index at least in experimental settings.

The compound finding programme leading to the discovery
of ZK 245186 was initiated on the basis of the transactivation/
transrepression hypothesis (dissociation). Recent work has
yielded new insights into the molecular mechanisms of the
GR and disclosed a more complex picture (Newton and
Holden, 2007). Many different factors are involved in
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GR-mediated repression of gene expression, such as the archi-
tecture of the regulatory recognition sequences in the pro-
moter region of GR-sensitive genes, the availability and
activity of additional transcription factors, co-factors, as well
as regulatory inputs from synergistic and antagonistic path-
ways (Chinenov and Rogatsky, 2007). We think that this new
selective GR agonist, ZK 245186, binds to the GR in a way that
leads to a receptor surface, different to that provided by a GR
binding a steroid. Such an altered receptor conformation can
induce a different co-factor recruitment leading to an altered
induction of molecular mechanisms of the GR, such as a
preference for repression over activation. For this specific GR
agonist, we have not shown the co-factor profile yet.
However, such a modified cofactor pattern has been described
for AL-438, representing another GR ligand with full anti-
inflammatory activity but a reduced side effect pattern
(Coghlan et al., 2003), supporting our hypothesis.

In summary, we show that ZK 245186 represents a novel
non-steroidal GR ligand with potent anti-inflammatory activ-
ity and a superior therapeutic index in comparison with the
gold standards of topical GCs. Thus, ZK 245186 is a promising
drug candidate for the topical treatment of atopic dermatitis
and other inflammatory disorders.

To the best of our knowledge except for this compound, all
other dissociated GR ligands are still in the preclinical stage.
ZK 245186, however, is already in early clinical development
for application in inflammatory skin diseases and for ophthal-
mologic indications. Clinical proof of concept studies will
eventually demonstrate whether the data from in vitro inves-
tigations and animal experiments will translate into separa-
tion of therapeutic effects and side effects in man. The data so
far suggest that this will be the case and will ultimately lead to
a novel drug.
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