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Abstract

Glucocorticoids (GCs) are vital multi-faceted hormones with recognized effects on carbohydrate, protein and lipid metabolism. Previous
studies with the steroid antagonist, RU486 have underscored the essential role of GCs in the regulation of these metabolic pathways. This article
describes the discovery and characterization of novek G&ective nonsteroidal antagonists (NSGCAs). NSGZAasd3 are spirocyclic
dihydropyridine derivatives that selectively bind the &®Rith ICss Of 2 and 1.5 nM, respectively. Importantly, these compounds are full
antagonists of the induction by dexamethasone (Dex) of marker genes for glucose and glutamine metabolism; the tyrosine amino transferase
(TAT) and glutamine synthetase (GS) enzymes, respectively. In contrast, GC-dependent transcriptional repression of the collagenase 1 (MMP-
1) enzyme, an established @Responsive proinflammatory gene; is poorly antagonized by these compounds. These NSGCAs might have
useful applications as tools in metabolic research and drug discovery.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction promoter and the composition of other transcriptional reg-
ulatory proteins that are bound to the target promoter; ac-

Glucocorticoids (GCs) are essential for a diversified spec- tivation of the GR can result in either the potentiation or
trum of physiological functions, including tissue differen- repression of the transcription rate of target genes by dis-
tiation, carbohydrate, protein and lipid metabolism as well tinct mechanisms. For example, GCs repress the transcrip-
as its recognized anti-inflammatory actions. It is well estab- tion rate of proinflammatory genes such as AP-1 and NF-KB
lished that (GC) effects are primarily mediated by a ligand- largely by a protein—protein interaction mechanism between
dependent transcriptional mechanism through the glucocor-the GR and these transcription factors. By contrast, GR trans-

ticoid receptor (GR). Depending on the structure of the activation is mediated through the binding of &Romod-

imers to so-called glucocorticoid response elements (GRES)
* Corresponding author. in the upstream regions of GC target promoters. The phos-
E-mail addressmonicaeinstein@merck.com (M. Einstein). phoenolpyruvate carboxykinase (PEPCK), tyrosine amino-
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transferase (TAT) and the glutamine synthetase (GS) gene2.2. Synthesis of compounds

are three well characterized @GRmetabolic target genes;

[11,12,19]that are induced by natural and synthetic GCs via 2.2.1. 1-(1,3-Indanedion-2-ylidene)-2-acenaphthenone
a GRE mediated mechanism. (10) [24]

In recent years, the GR/progesterone receptor (PR) an- A mixture of 1,3-indandione (9.73 g, 66.58 mmol), glacial
tagonist, RU486 has been an invaluable tool in demonstrat-acetic acid (45 ml), and conc. HCI (2.3 ml) was added to a
ing the essential role of GCs in the induction of gluco- stirring room temperature mixture of acenaphthenequinone
neogenic enzymes, in vitro and in vivo. Notably, in the db/db (6.82 g, 37.44 mmol) in glacial acetic acid (230 ml). The reac-
animal model of insulin resistance, treatment of these ani- tion vessel was fitted with a reflux condenser and the mixture
mals with RU486 led to significant reductions in the mRNA was heated at 10@ for 3h. The resulting dark green so-
levels of gluconeogenic enzymes such as, TAT, PEPCK, lution was removed from the heating source and allowed to
glucose-6-phosphatase, and the Glut-2 transporter; with astand overnight. The precipitate formed overnight was col-
concomitant 49% reduction in the plasma blood glucose lev- lected by filtration, washed with cold methanol, and dried in
els;[7,8] underscoring a causal relationship between GC in- a vacuum desiccator to afford 9.3 g (55% yield) of a crude
duction of gluconeogenic enzymes and the onset of hyper-gray-green powder.
glycemia. Moreover, in the diet-induced high-fat-fed (DIO) A portion of this solid (1.61g, 3.53 mmol) was treated
rodent model, RU486 improved the insulin resistance causedwith conc. SO, (16 ml) and the thick, dark green solution
by high fat feeding in skeletal muscles by 62—-68%6]. was stirred at room temperature for 20 min. This mixture
Finally, in man, treatment of healthy human males with was carefully poured into an Erlenmeyer containing 150 ml
RU486 was shown to reverse the acute catabolic effects ofof rapidly stirring room temperatureJ® and the resulting
hypercortisolemia on glucose and leucine metaboli8n red precipitate was stirred for an additional 20 min. Solids
Thus, based on this extensive, compelling literature on the were collected by suction filtration and the red filter cake
anti-diabetic actions of RU486 in various animal models of was washed thoroughly with hot2® (4 x 300 ml, 80°C),

insulin resistance and man, we reasoned that a @R- and dried in a vacuum desiccator. The crude solid was puri-
tagonist is a viable approach to lowering plasma glucose fied by flash chromatography on silica gel (3-5% ethyl ac-
levels. etate/methylene chloride), followed by recrystallization from

In this paper, we describe the discovery and character-chloroform/hexane (1:2) to givE) as a bright red crystalline
ization of novel and potent nonsteroidal (NSGCAs) lig- solid (661 mg, 60% yield:H NMR (CDClz) § 7.78-7.89 (m,
ands of GR. These compounds are selective fordsRith 4H), 8.04-8.17 (m, 4H), 9.56 (d,=7.5Hz, 2H); MS (ESI)
greatly reduced binding to the androgen receptor (AR), min- m/z. 311.0 M+ 1).
eralocorticoid receptor (MR) and PR. In functional assays
in cells, these NSGCAs completely antagonized the GRE- 2.2.2. 2,5 Dioxo-2-methyl-3-N-phenylcarbamoyl-
mediated dependent induction by Dex of both endogenousspiro{1,4-acenaphthene’¥-dihydroindeno
and reporter-based promoters. In contrast, these compound§3,2-b]pyridine} (1)
are weak antagonists of the Dex dependent repression of a Preparation oflla (Rl =CONHPh, B =Me): acetoac-
pro-inflammatory gene, MMP-1. etanilide (1.76 g, 9.93 mmol) and ammonium acetate (1.15g,

To our knowledge this is the first description of spiro- 14.9 mmol) were mixed in 16.5ml of absolute ethanol and
cyclic dihydropyridine NSGCAs that antagonize transcrip- refluxed at 80C for 24 h glucocorticoids (GCs). The sol-
tional readouts of glucose and glutamine metabolism with vent was removed under reduced pressure to haeas a
attenuated effects on the anti-inflammatory activity of the waxy yellow solid ¢~75% pure) which was used crude in the
endogenous G&in the A549 cell line. The implicationsand  following reaction.
the potential therapeutic utility of these novel &Belective To a stirring, room temperature solutiond (168.7 mg,
NSGCAs are also discussed. 0.547 mmol) in glacial acetic acid (15ml) under an atmo-

sphere of N was added crud&la (815 mg). The reaction
vessel was fitted with a reflux condenser and the mixture

2. Material and methods was heated at 10 for 5 h. The resulting dark red solution
was removed from the heating source and allowed to stand at
2.1. Reagents room temperature until a precipitate formed (24-48 h). The

red precipitate was isolated by centrifugation and purified by

[1,2,4,6,73H] Dex with a specific activity{-84 Ci/mmol) sonication with glacial acetic acid and re-isolation by cen-
was purchased from Amersham Biotechnologies and wastrifugation. Drying in a vacuum desiccator galas a fine
utilized for all the ligand binding studies. Non-radioactive red solid (111.9 mg, 45% yield)H NMR (DMSO)§ 2.54 (s,
Dex, progesterone, aldosterone was purchased from Sigma3H), 6.85 (d,J=6.6 Hz, 1H), 6.97 (dJ=8.0Hz, 2H), 7.08
Cell culture reagents were purchased from LIFE Technolo- (d, J=7.2Hz, 1H), 7.19-7.32 (m, 6H), 7.45 @=7.4Hz,
gies. 3H-progesterone anéH-aldosterone were purchased 2H), 7.68 (t,J=7.9Hz, 3H), 10.47 (s, 1H), 11.69 (s, 1H);
from NEN. MS (ESI)m/z 469.2 M +1).
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2.2.3. 2,5Dioxo-2-methyl-3-ethoxycarbonyl-
spiro{1,4-acenaphthene‘} -dihydroindeno
[3,2-b]pyridine} (2)

Compound?2 was prepared fromlO (86.0mg, 0.277
mmol) and commercially available (Aldrich) ethyl-3-
aminocrotonate11b (R'=COyEt, R Me; 220pul,
1.75mmol) in a similar manner to the preparatioriofhe
bright red solid (87.4mg) was obtained in 75% yielt
NMR (DMSO)§ 0.10 (t,J = 7.1 Hz, 3H), 2.48 (s, 3H), 3.38
(m, 2H), 7.04 (dJ = 7.1 Hz, 1H), 7.29 (dJ = 7.6 Hz, 1H),
7.33(d,J=7.1Hz, 1H), 7.45 (t) = 7.1 Hz, 1H), 7.56 () =
7.6 Hz, 1H), 7.66 (dJ = 7.3 Hz, 1H), 7.80 (t) = 7.6 Hz, 1H),
7.85 (d,J =8.3Hz, 1H), 7.88 (dJ = 6.8 Hz, 1H), 8.19 (dJ
=8.1Hz, 1H), 10.47 (s, 1H); MS (EStyz 422.2 M + 1).

2.2.4. 2,5Dioxo-2-methyl-3-benzyloxycarbonyl-spiro
{1,4-acenaphthene’¥-dihydroindeno
[3,2-b]pyridine} (3)

Preparation ol 1c(R! = CO;Bn, R = Me): reagent grade
NH4OH (0.81ml, 12.02mmol) was added dropwise to a
stirring, room temperature slurry of benzyl acetoacetate
(1.73 ml, 10.01 mmol), absolute ethanol (14 ml), and mont-
morillonite K-10 (3g)[5]. The mixture was stirred at r.t.
overnight and then filtered, washing the filter cake with
ethanol. The solvent was removed in vacuo and purifica-
tion was performed by flash chromatography on silica gel
(30% ethyl acetate/hexanes) to affdriic as a pale yellow
oil (1.28 g, 67% yield).

Compound 3 was prepared from10 (114.0mg,
0.367 mmol) and.1¢ (3981, 2.31 mmol) in a similar man-
ner to the preparation df The red solid (124.0 mg) was ob-
tained in 70% yield*H NMR (DMS0)4 2.49 (s, 3H), 4.44 (d,
J=12.6 Hz, 1H),4.52 (d]=12.6 Hz, 1H), 6.51 (d]= 7.3 Hz,
2H), 7.03 (d,J=7.1Hz, 1H), 7.07 (ddJ=7.4Hz and
J=7.3Hz, 2H), 7.14 (t)=7.4Hz, 1H), 7.29 (t)=7.4 Hz,
1H), 7.33 (dJ=6.9 Hz, 1H), 7.45 (t)=7.5Hz, 1H), 7.54 (t,
J=6.9Hz, 1H), 7.66 (dJ=7.4Hz, 1H), 7.70 (tJ=7.6 Hz,
1H), 7.76 (d,J=6.8 Hz, 1H), 7.84 (dJ=8.3Hz, 1H), 8.12
(d,J=8.1Hz, 1H), 10.49 (s, 1HJ:3C NMR (DMSO) 20.04,

54.65,65.74,106.33,108.97,120.38,120.79,121.18,121.38
124.92, 127.92, 128.00, 128.19, 128.70, 128.91, 129.24,
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Compound 4 was prepared from10 (246.8mg,
0.795 mmol) and crudéld (1.27 g) in a similar manner to
the preparation of, with the exception that a precipitate did
not spontaneously form upon prolonged standing at room
temperature. Instead, the crude reaction mixture was parti-
tioned between ethyl acetate and water. The organic layer
was washed with water and brine, dried ¢S&y), filtered
and evaporated in vacuo. The crude oil was purified by flash
chromatography on silica gel (5% methanol/methylene chlo-
ride) to give 238 mg o# as an orange oil (62% yield}H
NMR (DMSO) § 2.52 (s, 3H), 4.45 (dJ=16.0Hz, 1H),
4.52 (d,J=16Hz, 1H), 6.51 (s, 1H), 6.58 (d=7.4 Hz,
2H), 6.90-6.97 (m, 4H), 7.07 (d,=7.1Hz, 1H), 7.17 (d,
J=6.9Hz, 1H), 7.30 (tJ=7.4Hz, 1H), 7.39 (tJ=7.3 Hz,
1H), 7.42-7.47 (m, 2H), 7.58 (d=6.8 Hz, 1H), 7.67-7.71
(m, 2H), 10.59 (s, 1H); MS (ESHVz 483.2 M +1).

2.2.6. 2,5Dioxo-2-methyl-3-N,N-diethylcarbamoyl-
spiro{1,4-acenaphthenef¥-dihydroindeno
[3,2-b]pyridine} (5)

Preparation of 11e (R1=CONEb, R2=Me): N,N-
diethylacetoacetamide (1.63ml, 10.30 mmol) and ammo-
nium acetate (1.16 g, 15.05 mmol) were mixed in 16.5 ml of
absolute ethanol and refluxed at®Dfor 24 h. The solvent
was removed under reduced pressure to gileas a hazy
yellow oil (~75% pure) which was used crude in the follow-
ing reaction.

Compound 5 was prepared from10 (249.1mg,
0.803 mmol) andl1le (0.48 ml) in a similar manner to the
preparation o, with the exception that addition of seed crys-
tals was necessary to induce precipitation [seed crystals were
produced by dropwise addition of a small amount of crude re-
action mixture ¢0.5 ml) to a stirring, r.t. solution of EtOAc or
Et,O (~1 ml)]. Thered solid (109.1 mg) was obtained in 30%
yield. 1H NMR (DMSO) § 0.06 (t,J=6.9 Hz, 3H), 0.84 (t,
J=6.9Hz, 3H), 1.95 (s, 3H), 2.60-2.65 (m, 1H), 2.83-2.96
(m, 1H), 2.97-3.03 (m, 1H), 3.35-3.42 (m, 1H), 7.08 (d,
J=7.1Hz, 1H), 7.32 (t)=7.4Hz, 1H), 7.43 (dJ=6.7 Hz,
1H), 7.46 (d,J=7.1Hz, 1H), 7.57 (t)=6.9Hz, 1H), 7.64
(d,J=7.4Hz, 1H), 7.75 (t)=7.6 Hz, 1H), 7.82 (dJ=6.8,
1H), 7.87 (dJ=8.5Hz, 1H), 8.14 (dJ=8.0Hz, 1H), 10.20
(s, 1H); MS (ESI)m/z 449.2 M +1).

130.15, 131.14, 132.71, 133.36, 134.26, 135.89, 136.24,

140.88, 145.63, 148.20, 154.14, 166.26, 190.14, 205.41 ppPMis 5 7 2,5-Dioxo-2-phenyl-3-ethoxycarbonyl-spiro

MS (ESI)m/z. 484.2 M +1).

2.2.5. 2,5Dioxo-2-methyl-3-N-benzylcarbamoyl-spiro
{1,4-acenaphthene’ ¥ -dihydroindeno
[3,2-b]pyridine} (4)

Preparation ofl1d (R' = CONHBn, R = Me): N-benzyl-

{1,4-acenaphthene’ ¥ -dihydroindeno
[3,2-b]pyridine} (6)

Preparation ol 1f (R = CO;Et, R = Ph)[17]: ethyl ben-
zoylacetate (1.79ml, 10.34 mmol) and ammonium acetate
(1.16 g, 15.05mmol) were mixed in 16.5ml of absolute
ethanol and refluxed at 8@ for 24 h. The solvent was re-

3-oxobutanamide (956.9 mg, 5.00 mmol) and ammonium ac- moved under reduced pressure, and the residue was flash
etate (578.6 mg, 7.50 mmol) were mixed in 8.5 ml of absolute chromatographed on silica gel (20% ethyl acetate/hexanes)
ethanol and refluxed at 8@ for 24 h. The solvent was re-  to givellfas a yellow oil (1.77 g) in 90% yield.

moved under reduced pressure to dilel as a waxy yellow Compound 6 was prepared from10 (305.8mg,

solid (~75% pure) which was used crude in the following 0.985 mmol) andL1f (1.1 ml, 6.21 mmol) in a similar man-
reaction. ner to the preparation df. The bright red solid (270.8 mg)
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was obtained in 57% yielddH NMR (DMSO) s 0.10 (t,
J=7.1Hz, 3H), 3.20 (m, 2H), 7.07 (d=7.1Hz, 1H), 7.30
(t, J=7.4Hz, 1H), 7.41 (tJ=7.6Hz, 1H), 7.44-7.51 (m,
6H), 7.61 (tJ=7.7Hz, 1H), 7.76 (dJ=7.3Hz, 1H), 7.81 (t,
J=7.6Hz, 1H), 7.89 (dJ=8.4 Hz, 1H), 7.92 (dJ=6.9 Hz,
1H), 8.21 (d,J=8.0Hz, 1H), 10.76 (s, 1H); MS (ESiWz
484.2 M +1).

2.2.8. 2,5Dioxo-1,2'-dimethyl-3-ethoxycarbonyl-
spiro{1,4-acenaphthene¥-dihydroindeno
[3,2-b]pyridine} (7)

To a stirred solution of2 (22.3mg, 0.053mmol) in
anhydrous DMF (1.0ml), was added a suspension of
freshly washed sodium hydride (60% dispersion, 6.4 mg,
0.159 mmol) in DMF (0.5ml) at room temperature under
an atmosphere of N After 10 min, methyl iodide (0.02 ml,
0.321 mmol) was slowly added, and the dark red solution
was stirred at 25C for 1 h. The reaction mixture was di-
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2.2.10. 2,5Dioxo-1-(ethoxymethyl)2methyl-3-
ethoxycarbonyl-spirfl,4-acenaphthene:¥'-
dihydroindeno[3,2-b]pyriding (9)

Compound 9 was prepared from2 (233.7mg,
0.555 mmol), sodium hydride (60% dispersion, 33.3mg,
0.832mmol), chloromethyl ethyl ether (103.0
1.12mmol), and anhydrous DMF (15.8ml) in a simi-
lar manner to the preparation @f The crude red oil was
purified by flash chromatography on silica gel (10% ethyl
acetate/methylene chloride) to gi¥eas a fine red solid
(155.7mg) in 59% vyield!H NMR (CDCl) § 0.10 (t,
J=7.1Hz, 3H), 1.42 (tJ=7.1Hz, 3H) 2.63 (s, 3H), 3.45
(m, 2H), 3.78 (m, 2H), 5.26 (d)=10.5Hz, 1H), 5.33 (d,
J=10.5, 1H), 7.18 (dJ=6.9Hz, 1H), 7.22 (tJ=7.1Hz,
1H), 7.31-7.37 (m, 3H), 7.55 (1]=8.0Hz, 1H), 7.76 (t,
J=7.9Hz, 1H), 7.81 (dJ=8.5Hz, 1H), 8.03 (dJ=7.1Hz,
1H), 8.10 (dJ=8.2 Hz, 1H); MS (ESI)z 434.2 (M-OEt).

2.3. Constructs

luted into ethyl acetate and the organic layer was washed with
watter a_lr_]g brlng, drlgd.fNSQ?], fllter?d andhe\éabporated mt' The reporter expression vector pMAMNeo-luciferase
\_Il_?_cgg'n _Ie_(;ru e? rgoo(/)' ggﬁsl‘;crgtr:tae;%ra;n; tg prepa(;ra IVecontaining the MMTV LTR upstream of the gene encod-
silica gel (50% vl nex ) {0 Ghvs ing luciferase was purchased from Clontech and was utilized
crunchy red foam (15.6 mg) in 68% yieftH NMR (CDCls) . . L .
_ to stably integrate this plasmid into the A549 cell line ac-
8 0.11 (t,J=7.1Hz, 3H), 2.55 (s, 3H), 3.47 (m, 2H), 3.73 : o .
cording to the manufacturer’s instructions (LIFE Technolo-
(s, 3H), 7.16-7.20 (m, 2H), 7.27 @=6.7 Hz, 1H), 7.35 (d, . . .
gies). The baculovirus expression vector pFASBac (LIFE
J=6.6Hz, 1H), 7.41 (d)=7.5Hz, 1H), 7.54 (t)=7.7 Hz, . s .
Technologies) containing the full length human glucocorti-
1H), 7.75 (tJ=7.6 Hz, 1H), 7.80 (d)=8.2 Hz, 1H), 8.03 (d, coid receptor (hGR) was made by subcloning the hGR
J=7.1Hz, 1H), 8.09 (d)=8.0Hz, 1H);13C NMR (CDCh)

12,57, 17.29, 36.11, 54.61, 60.29, 110.41, 111.29, 120.44,2% :}%gngssf'lﬁrIeV:thrra'[t’K,VIRRcsvggéngfi‘ﬁeg“gChtﬁzed
121.73, 121.88, 122.01, 124.72, 128.44, 128.73, 130.10 : g P y

130.22, 130.97, 131.87, 134.00, 134.21, 137.23, 14162, o @ rat kidney DR/ Torary ustg e folomng
144.42, 148.60, 157.30, 166.83, 190.20, 205.53; MS (ESI) o ) '

iz 436.2 (+1) ACCACAGTCTCC3! (MR sense) and 'SGGTACCTCA-

: ' ' CTTTCTGTGAAAGTAAAGGGGTTTGGC-3 (MR anti-
sense). The sequence was confirmed and the rat MR clone was
subcloned into the pFASBac baculovirus expression vector
for expression.

2.2.9. 2,5Dioxo-1-benzyl-2-methyl-3-
ethoxycarbonyl-spirfl,4-acenaphthene’ ¥ -
dihydroindeno[3,2-b]pyriding (8)

Compoundwas prepared frord (20.2 mg, 0.048 mmol),
sodium hydride (60% dispersion, 4.0 mg, 0.098 mmol), ben-
zyl bromide (21.Qul, 0.177 mmol), and anhydrous DMF For hGRx and rMR ligand binding assays cytosols were
(2.4 ml) in a similar manner to the preparation df The prepared from recombinant baculovirus expressed receptors.
crude red oil was chromatographed by preparative TLC on For hPR binding assays, hPR cytosols were made from the
silica gel (3% methanol/methylene chloride) to gi@eas T-47D cellline. For all the receptors tested, frozen cell pellets
a dark red oil (14.0mg) in 57% yieldH NMR (CDCls) were dounce homogenized in ice cold KPkuffer (10 mM
3 0.11 (t, J=7.2Hz, 3H), 2.45 (s, 3H), 3.46 (m, 2H), KPOy, 20 mM sodium molybdate, 1 mM EDTA, 5mM DTT
5.38 (s, 2H), 7.01 (dJ=7.5, 1H), 7.09 (tJ=7.3Hz, 1H), and complete protease inhibitor tablets from Boehringer
7.12—7.17 (m, 2H), 7.28-7.42 (m, 2H), 7.45 (& 7.3 Hz, Mannheim) with a “B” plunger. The homogenates were cen-
2H), 7.50 (tJ=7.7Hz, 2H), 7.58 (t)=7.7 Hz, 1H), 7.78 (t, trifuged at 35,00 g for 1 h at 4°C in a JA-20 rotor. For
J=7.6Hz, 1H), 7.83 (dJ=8.2Hz, 1H), 8.07 (d)J=6.8 Hz, GRa, the 1Gps were determined by incubating the cytosols
1H), 8.11 (d,J=8.3Hz, 1H);13C NMR (CDCk) 12.55, at a final concentration of 2.5nM [1,2,4,6A] Dex in the
16.63, 51.19, 60.35, 110.96, 111.57, 115.25, 120.57, 121.75 presence of full log scale concentrations (3bto 10-6) of
121.86, 124.82, 125.82, 127.99, 128.29, 128.49, 128.73,cold Dex or the ligands at4C for 24 h. Bound and free were
129.73, 130.01, 130.13, 131.01, 132.03, 134.03, 135.42,separated by a gelfiltration assay. The reaction plate was cen-
136.75, 137.10, 141.84, 144.34, 148.10, 157.21, 166.86,trifuged at 1000« g for 5 min and the flow thru was collected
190.35, 205.35; MS (EShvz 512.2 M +1). in asecond 96-well plate. Scintillation cocktail was added and

2.4. Ligand binding assays
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counted in a double coincidence beta counter (Wallac). As-

says for MR and PR were performed in a similar fashion with
2 nM [3H]-aldosterone and 5 nMH]-progesterone, respec-
tively. For whole cell ligand binding assay, 200,000 cells/well
for the A549, hSKM cells, L6 or H4lIE were seeded on a
24-well plate in the media described below for these cell
lines. The cells were incubated with at a final concentration
of 10nM [1,2,4,6,73H] Dex (~84 Ci/mmol) in the presence
of increasing concentrations (1H to 10-6) of cold Dex or
the ligands at 37C for 2 h. The cells were then washes 2
with 1x PBS (C&*, Mg?* free) (LIFE Technologies). Scin-
tillation fluid was added to the cell extracts and the plates
were counted in the beta scintillation counter (Wallac). The
ICs0s for both the in vitro and whole cell binding assays were
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washed in (C& and M¢* free) 1x PBS and lysed in &
reporter lysis buffer according to the manufacturers instruc-
tions (Promega). To the cell lysate, 1j0lof luciferase assay
reagent/well (Promega) was added with an automatic injector.
Thelight produced in the reaction was read in a microplate lu-
minometer (EG&G Wallac) following a 10 s integration time.
For the antagonist experiments, the compounds were added at
concentrations from 10 to 10-° in the presence of 10 nM
Dex. Inthe MMP-1 studies, A549 cells were cultured in 90%
F12 media and 10% charcoal/dextran stripped fetal bovine
serum (SFBS). On day 1, near-confluent cells were seeded
into 96-well tissue culture plates (ca. 30,000 cells/well) in
90% F12/10% sFBS. On day 4, fresh media was added, con-
taining 100 ng/ml phorbol 12-myristate 13-acetate (PMA)

calculated with the GraphPad Prism 3.0 software package us-and the ligands at a final concentration of 0.05% DMSO.
ing a single binding site sigmoidal dose response model. TheThe ligands and Dex were titrated at full log scale concen-

data reported is derived from the duplicate wells from three
independent experiments.

2.5. Cell culture, cell-based assays with endogenous and
reporter-based promoters

The human lung epithelial cellline A549, the rat hepatoma
cell line H4-IIE, the L6 rat skeletal muscle cell line and the
T47-D breast carcinoma line were purchased fromthe ATCC.
Fetal skeletal muscle cells (hRSKM) were obtained from Clo-
netics.

For the TAT assay, H4-IIE cells were cultured in 96-well
plates in DMEM/20% charcoal treated fetal bovine serum
(FBS), 2mM glutamine,1.U/ml penicillin and 1 mg/mi
streptomycin sulfate overnight prior to compound evaluation.

Compounds were dissolved in 100% DMSO and were added

in medium to give a final DMSO concentration of 0.15%.

Following an overnight incubation with the compounds, the
medium was removed and the cells were lysed with 0.2 ml
Promega lysis buffer by sonication for 1 min at room tem-

perature. The lysis buffer was filtered using a Millipore mul-

tiscreen vacuum manifold and the filtrate collected as the
source of tyrosine aminotransferase (TAT) for testing. TAT
activity was measured as previously descripg@5]and ref-

trations, from 1012 to 10-6. For the antagonist experiments
the ligands were titrated at the same concentrations in the
presence of 10nM Dex. Following a 24-h incubation, the
cell-conditioned media was harvested for ELISA determi-
nation. The amount of matrix metalloproteinase-1 (MMP-1;
collagenase-1) was determined by ELISA using kits from The
Binding Site (San Diego, CA). The ELISAs were performed
following the manufacturers instructions. The optical densi-
ties at 450 nm were read on a Spectramax 25,096-well plate
photometer. The E£gs and IGgs were calculated with the
GraphPad Prism 3.0 software package using a single bind-
ing site sigmoidal dose response model. The data reported
is derived from the duplicate wells from three independent
experiments.

3. Results
3.1. Discovery of high affinity NSGCAs

Using a GRx ligand binding displacement assay (Sec-
tion 2), the Merck compound collection was screened

and the interesting spirocyclic dihydropyridine derivative
(Table 9), was identified as a lead. Compouhdisplace?H-

erences within. For the antagonist experiments, full log scale dexamethasone in this assay, with agd@f 10 nM (Table J).

(10~12t0 10-%) titrations of the compounds were added in the

Based on the high Gkligand binding affinity oflL, a series of

presence of 15nM Dex. The GS assay was performed as preanalogs was synthesized in which modifications were made

viously described if23]. For the antagonist experiments, full
log scale (1012to 10-5) titrations of compounds were added

around the dihydropyridine ring.

in the presence of 10 nM dexamethasone for the rat L6 cells3.2. Synthesis of compounti<d

and 50 nM dexamethasone for the hSKM cells, respectively.
The culture conditions for the L6 cells are also described in
[23]. For the MMTV assay, A549 cells were seeded in 96-
well plates (ca. 30,000 cells/well) in complete media (2.5%
normal FBS/7.5% Charcoal treated FBS in H12-K media,
LIFE Technologies). On day 2, fresh complete media was

The dihydropyridine analogé—6 were synthesized by
the Kats method14] employing a Hantzsch-type synthesis
(Scheme 1Section2.2). Compounds-9 were prepared by
N-alkylation of the dihydropyridine moiety of compou@d

added and the compounds were added at a final DMSO con-3.3. GRx ligand binding of NSGCAs

centration of 0.25% and incubated overnight afG7 For
all the experiments, the compounds were diluted in full log
scale from 106 to 10-11in DMSO. On day 3, the cells were

The GRux ligand binding affinities of NSGCA4-9 are
shown inTable 1 An increase in potency was achieved by
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Table 1
Structures of the compounds and thed€of the ligands to the G MR and PR and AR

Ligands 1Go in nM

Compound R R2 R3 hGR hPR MR hAR

1 CONHPh Me H 1041.52) >1000 2300 >10000
2 COsEt Me H 1.4 ¢0.6) >1000 >10000 >10000
3 CO:Bn Me H 2.1 ¢0.7) >1000 >10000 >10000
4 CONHBn Me H 97 £:42) >1000 >10000 NA

5 CONEp Me H 430 (199) >1000 >10000 NA

6 COEt Ph H 149 ¢-205) >1000 >10000 NA

7 COzEt Me Me 1417 ¢503) >1000 >10000 NA

8 COEt Me Bn >5100 >1000 >20000 NA

9 COzEt Me CHOEt 3815 ¢-1185) >1000 >10000 NA

The 1Gsos were calculated as described in Sec#ofhe values reported are means of duplicate assay wells and are representative of three different experiments.

replacing the phenyl amide &fwith an ethyl or benzyl ester  good activity, since th&l-alkyl analogsi—9 were very weak
giving 2 (IC50=1.4 nM) and3 (IC50=2.1 nM) respectively.  binders.

Other modifications of the phenyl amide bfproved to be

detrimental to activity. The benzyl amidiewas 5-fold less 3.4. Selectivity of NSGCAs

potent binder thail and 25-fold less active than the corre-

sponding benzyl este3. Replacement of the phenyl amide Specificity for GRx was established in ligand binding as-
of 1 with a diethyl amide (compourtg) resulted in a 20-fold  says with the PR, MR and AR (Sectid@). As shown in
loss of elative binding affinity (I6p=231 nM). Introduction Table 1 all the compounds tested lacked cross-reactivity with
of a bulky phenyl substituent at the 2-position of the dihy- these highly related nuclear receptors. Notably, compounds
dropyridine ring (compouné) led to a drastic loss of activity ~ 1-3, have >100-fold selectivity for G (Table 1. These
(>100-fold) relative to the corresponding methyl ana?om compounds, which will be referred to as: NSGCIAS, were
addition, the free N—H oflL appeared to be necessary for selected for further study.

o 1. HOAc, HCI
OO 100 °C, 3h
+ . 2. H,SO,
o o) o)

HOAc
100 °C, 3h HoN

NaH, R®X

DMF

Scheme 1. Synthesis of compourid$.
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Fig. 1. (A) NSGCAs2 and3 antagonize the Dex-dependent induction of rat TAT enzyme. The ability of NSG@, NSGCA3 () and RU486 ¢) to
antagonize the induction of the rat TAT enzyme in the presence of 15nM Dex was tested. The induction of the rat TAT gene by the control compound, Dex
is illustrated by @). (B) NSGCAs2 and3 antagonize the dexamethasone-dependent induction of rat GS enzyme. NS@EASGCA3 () and RU486

(#) were tested as antagonists in the presence of 10 nM Dex in the rat GS assay. The control compour@sab@&R(U486 ¢) were assayed in parallel

to normalize the agonist and antagonist activity of the NSGCAs, respectively as indicafedlén3 Data are means of duplicate assay wells from three
independent experiments.

3.5. The NSGCAs are full antagonists of GC mediated tion of TAT enzyme activity, with 1Gps of 3 M, 406 and
transactivation in rodent cell lines 635 nM, respectivelyTable 3 Fig. 1A). For the antagonist
experiments, the efficacy of the NSGCAs as antagonistsinthe

Although a large number of compounds bind tod&g Rery TAT assay and all the subsequent antagonist experiments was

few nonsteroidals have functional activity in cells. The abil- normalized to the efficacy of a well characterized &RR

ity of NSGCA ligands1-3, to induce biological responses antagonist compound, RU486. Thus the efficacy of RU486

was assessed by cell-based &sRansactivation assays us- at 10uM was defined as100%ébles 2—5.

ing known GC responsive marker genes for glucose and glu-  Interestingly, RU486 was both a weak partial agonist

tamine metabolism. The tyrosine aminotransferase (TAT) en- and a full potent antagonist in the TAT assay, with an ag-

zyme[11] is a well characterized gluconeogenic gene known

to be induced by GCs in vitro and in vivo. Therefore, TAT Table 2

represents a useful marker gene to benchmark the analogSWhOIe cell GReligand binding studies of NSGCAs-3in rodent and human

effects on this gluconeogenic enzyme, TAL]. The effects cellines

on TAT activity were measured as described in the Section H9ands 1Go (in nM)

2 in an established cell model of GC action, the rat liver H4 cells L6 cells hSKMcells ~ MMTV-luc-
cell line, H4IIE. In this cell line, the synthetic steroid Dex A549 cell
has been shown to robustly stimulate the transcription of this line

gene. Indeed, we show that Dex induces the TAT enzymeNSGCAL 688+ 142 NA NA NA

with an EGo=2nM (Fig. 1A, Table 3. In the same assay, sgggﬁg ;Zii 4212 igji 4213 zggi ?12 iggi gg
all the NSGCA_s were virtually inactive as _agonlsts of the oy 514 8742 9443 1246
TAT enzyme, with EGgs > 10,000 nM and efficacy values of

. For the competition experiments, 10 nM [1,2,4,8t7-Dex was utilized for
—4 09
2.5-4.0% relative to DexTabIe 3 However, when tested as all the cell lines tested. The kgswere calculated as described in Secton

antagonists in the presence of 15 nM Desg( 1A, Table_ K] The values reported are means of duplicate assay wells and are representative
NSGCAs1-3 fully antagonized the Dex-dependent induc- of three different experiments.
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Table 3

Comparison of the NSGCAs agonist and antagonist activities in the rat TAT and GS GR transactivation experiments

M. Einstein et al. / Journal of Steroid Biochemistry & Molecular Biology 92 (2004) 345-356

Ligands

Agonist mode

Antagonist mode

ECso (nM)

Percent max relative ICs0 (NM)
to Dex (Dex =100%)

Percent max relative to
RU486 (RU486 = 100%)

Agonist and antagonist effects of NSGCAs in the rat TAT assay

NSGCA1 >10000 4 3055+ 916 97
NSGCA2 >10000 3 406+ 16 90
NSGCA3 >10000 3 636+ 116 96
Dex 5.2 (£0.32) 100

RU486 39 &6) 9 20t 2.1 100

Agonist and antagonist effects of NSGCAs in the rat GS assay

NSGCA1 >10000 4 ND ND
NSGCA2 >10000 2 306+ 16 174
NSGCA3 >10000 3 413t 52 177
Dex 2.4 ¢1.2) 100

RU486 >10000 9 0.1 0.04 100

The antagonist studies were performed in the presence of 15 nM Dex for the TAT gene and 10 nM for the GS geng, dihe [E%p values were determined
using a single binding site sigmoidal dose response model (S&tidhe agonist activity of the analogs is reported as a percent of the maximal transactivation
activity of Dex, where the maximal activity of Dex at 10 uM is normalized to 100%. Similarly, the antagonist activity of the NSGCAs is reported a afperce
the maximal antagonist activity of RU486, assuming that the antagonist activity of RU486 is normalized to 100%. The values reported are meeate of dupli
assay wells and are representative of three different experiments.

Table 4

Effect of the NSGCAs on GR mediated transactivation of the MMTV-LTR luciferase and human GS promoters

Ligands MMTV-luciferase Human GS assay
ICs0 (NM) Percent max relative to ICs0 (NM) Percent max relative to
Dex (RU486 =100%) RU486 (RU486 = 100%)
NSGCA1 ND ND ND ND
NSGCA2 361+30 140 1100£92 92
NSGCA3 210+22 132 659+52 82
RU486 4+2.4 100 6+3.6 100

The antagonist experiments were performed in the presence of 10 nM Dex for the MMTV-LTR-luciferase promoter and 50 nM Dex for the human GS promoter.
The 1G5 values were determined using a single binding site sigmoidal dose response model (edtenantagonist activity of the NSGCAs is reported

as a percent of the maximal antagonist activity of RU486, where the antagonist activity of RU486 is normalized to 100%. The values reported are means o
duplicate assay wells and are representative of three different experiments.

onist EGo =39 nM/10% maximal activity and an antagonist states. The induction of GS has correlated with increases in

IC50=20nM (Fig. 1A, Table 3. In contrast, NSGCA2 and

protein turnover and gluconeogenesis. Therefore GS repre-

3 were full antagonists, with similar efficacy values as the sents a useful marker to evaluate the effects of the NSGCAs

reference antagonist, RU486aple 3.

Table 5

on these biological processes. One cell model where the Dex
Glutamine synthetase, (GS) is another GC-responsive en-dependent GS induction has been demonstrated, is the rat
zyme that is known to be induced by GCs during catabolic skeletal muscle cell line, LBL8]. To follow the induction of

Effect of the NSGCAs on GR mediated transrepression of the MMP-1 promoter

Ligands Agonist mode Antagonist mode
ECsp (NM) Percent max relative to I1Cs0 (NM) Percent max relative to
Dex (Dex =100%) RU486 (RU486 =100%)
NSGCA1 ND ND ND ND
NSGCA2 >10000 0 >10000 ~40
NSGCA3 >10000 0 >10000 ~50
Dex 3+2.3 100
RU486 0.3+0.5 28 261 36 100

For the agonist experiments, the agonist activity of the analogs is reported as a percent of the maximal transactivation activity of Dex (rotd@d%zed he

analogs were also tested as antagonists in the presence of 10 nM dexamethasone as describedZnTeddiotagonist activity of the NSGCAs is reported

as a percent of the maximal antagonist activity of RU486, where the antagonist activity of RU486 is normalized to 100%. The values reported are means o
duplicate assay wells and are representative of three different experiments.
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GS activity in L6 cells, a colorimetric ass§®3] that mea- B 150q
. ° = NSGCA 2 +50nM Dex
sures the GS catalyzegiglutamyltransferase reaction was & 5 1251 o NSGCA 3 +50nM dex
performed as described in Sectiarn this assay, Dex was a g § “7’2: + RU486 +50nM Dex
potent agonist, with an Efg of 2.4 nM (Table 3. Consistent g g 50 * Dex
with the rat TAT assay, NSGCA2 and3 completely abro- @ g 25
gated the induction of GS by 10 nM Dex, withdgs of 306 ‘2 % 0
and 413 nM, respectivelyF{g. 1B, Table 3 NSGCA1 was g 254
excluded from this assay and the subsequent experiments due2 5, 7. 5 5 & & L
to its poor antagonist potency in the TAT assagl{le 3 and (A) log [ligand] (M)
in the whole cell ligand binding assayable 3. o
x *
3.6. Whole cell ligand binding activity of NSGCAs 33 901 A
Pt
In the TAT GRx transactivation assay, NSGCAs3 an- f E . ? Ru486i+1(;1MT)ex ex
tagonized the Dex-dependent induction of this enzyme with & g ] + Dex
different potencies. Therefore, the cell permeability proper- ..§ % 30-
ties of these ligands were evaluated by whole cell ligand bind- S @
ing analysis. In brief, the ability of NSGCAs to displatté- 8 "
Dex (10 nM) was tested in whole cells as described in Section S A s s P s s e
2. In this assay, NSGCA bound GR« poorly in the H4 cell (B) log [ligand] (M)

line, with an 1Go=700 nM. Most likely, the lower antago-

nist potency of NSGCA in the TAT assay can be explained Fig. 2. (A) The NSGCAs are full antagonists in the hSKM GSdaRans-
in part by its lower potency in the whole cell ligand binding activation assay. NSGC2 (M), NSGCA3 (L) and RU486 ¢) were tested
assay Table 2. Moreover, the higher antagonist potency of in the presence of 50 nM Dex in the hSKM GS & Ransactivation assay.

. .. (B) Antagonist activity of NSGCA2 and 3 in the human transactivation
NSGCAs2 and3 in the cell based assays s In gOOd agree- yivmv-luciferase reporter assay in the stable cell line A549-MMTV-luc.

ment with their potencies in the whole cell ligand binding NsGca2 (m), NSGCA3 () and RU486 4) were tested as antagonists

studies Table 2. in the presence of 10nM Dex, as described in Se@idthe control com-
pounds, Dex@®) and RU486 ¢) were assayed in parallel to normalize the
3.7. The NSGCAs are full antagonists in the GS and agonist and antagonist activity of the NSGCAs, respectively as indicated in

Table 4 Data are means of duplicate assay wells from three independent

MMTV-luciferase assays in human cells experiments.

Given the nM antagonist potency of NSGCAsnd3 in
the rodent studies, we were interested in determining if these
findings extended to human cells. Here primary human skele-
tal muscle cells (hRSKM) were utilized to measure the ability
of the NSGCAs to antagonize GC dependent induction of the
GS gene. The GS assay was performed as described in Se
tion 2. Similar to the rat GS assay, Dex was a potent inducer
of human GS with Egy of 8 nM (Table 4. Likewise, NSG-
CAs 2 and 3 completely antagonized Dex (50 nM) induced 3.8. The NSGCAs are weak antagonists of the
GS activity in primary hSKM cells with gy of 1100 and Dex-dependent transrepression of the proinflammatory
659 nM, respectivelyTable 4 Fig. 2A). enzyme, MMP-1

The MMTV promoter is another classical GC-responsive
gene, known to be transcriptionally regulated by GCs through  MMP-1 is a proinflammatory enzyme that is elevated
a GRE-dependent mechanism and has been the subject o a variety of inflammatory conditions; including rheuma-
numerous studies on GC action. This model system was em-toid arthritis [4]. Importantly, GCs are known to counter-
ployed here as a direct comparator of the compounds’ effectsact this inflammatory condition in large part by antagoniz-
on a reporter based GRegulated promoter (MMTV-LTR) ing the expression of proinflammatory genes such as MMP-
to an endogenous GC-regulated gene, GS, and for subsequerit [3]. Therefore, we evaluated the antagonist effects of the
studies where the antagonist effects of these ligands an GR NSGCAs on the endogenous anti-inflammatory activity of
mediated transrepression and transactivation were measureRa by measuring secreted protein levels of MMP-1. In-
in the same cell. For these studies, a stable cell line (MMTV- terestingly, NSGCAL and3 were both poor agonists and
luc-A549) was made containing the MMTV-LTR luciferase weak antagonists of GR mediated transrepression, with
reporter in the human lung epithelial cell line A549 (Section ECsgsand 1Gs> 10,000 nM Table § Fig. 3) despite good
2). In the MMTV-luc-A549 cell line, Dex also gave a strong whole cell GRx ligand binding activity in this cell line.
induction of the MMTV-luc reporter with an Efg of 2 nM. By contrast, RU486 was a mixed partial agonist/full an-

Having established the MMTV-luciferase assay in the A549

cell line, we tested the NSGCAs as antagonists. In this assay,

NSGCAs2 and3 were potent antagonists with 465 of 360

and 210 nM Table 4 Fig. 2B). Compared to RU486, com-

sounds?2 and3 had similar fold differences in potency as the
uman GS studiegable 4 Fig. 2B).
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Fig. 3. Antagonist activity of NSGCAZ and3 in the human MMP-1 GR transrepression assay in the A549 cell line. NSGZ@) NSGCA 3 () and
RU486 @) were tested as antagonists in the presence of 10 nM Dex, as described in 8ethiercontrol compound, DeX®) and RU486 ¢) were assayed
in parallel to normalize the agonist and antagonist activity of the NSGCAs, respectively as indickabteis Data are means of duplicate assay wells from

three independent experiments.

tagonist of GC-dependent transrepression of the MMP-1 H4IIE and L6 cell lines are consistent with this explanation

promoter; with an Egp of 0.3nM/28% maximal activity
(Table § as a partial agonist and and§=260nM as a full
antagonist.

4. Discussion

In this study, we characterized novel @Relective, small
molecule NSGCAs by ligand binding and cell based func-

(Table 2.

In both the rat TAT and GS studie$gble 3 NSGCAs2
and3 had equivalent percent antagonist efficacy values as the
reference compound, RU486. However, the NSGCAs antag-
onized Dex induction of the TAT and GS enzyme with dif-
ferent potencies relative to RU486. One possibility is that the
NSGCAs differ in their intrinsic binding properties between
the two cell types, the H4 and L6 cells. However, the whole
cell binding studies strongly excludes this explanation, as the

tional assays. The ligand binding experiments, demonstratedcompounds have equivalent whole cell bindingd€in both

that the free N—H of NSGCA appears to be necessary for
good activity, since thél-alkyl analogs/—9 were very weak
binders. In addition, replacement of the phenyl amide in NS-
GCA 1 with an ethyl or benzyl ester as in NSGCAsind3,

led to an increase in GRligand binding potency. From the
nine spirocyclic dihydropyridine derivatives, NSGCAs3

are the most potent ligand$gble ). Notably, these NSG-
CAs have excellent GRligand binding affinity, with poor
PR, AR and MR ligand binding activity. This finding is note-
worthy considering the more than 50% homology between
the ligand binding domains (LBD) of the GRAR, PR and
MR [6,10,26]

cell types. More likely, the differences in the relative antago-
nist potency of the compounds at the rodent TAT and GS en-
zyme may be due in part to the higher potency of RU486 as an
antagonist in the GS assay €6 0.1 nM, Table 3 Fig. 1B)
compared to TAT assay (Hg=20nM, Table 2 Fig. 1A).
Although, these studies do not unequivocally delineate the
mechanisms involved in the greater antagonist potency of
RUA486 in the GS studies, our findings do suggest a model
whereby the conformation of the GR-RU486 complex at the
GS promoter may be intrinsically different compared to the
TAT promoter[2]. Consistent with this tenet we show that
RU486 behaves as a partial agonist/antagonist in the TAT as-

In functional assays designed to measure GC mediated efsay (Table 2 Fig. 1A and B), whereas it behaves as a pure
fects on endogenous marker genes of glucose and glutaminentagonist at the GS promotéiaple 3. This mixed partial

metabolism; we showed that NSGC2snd 3, are full an-

agonist/antagonist activity of RU486 in some cell and pro-

tagonists of the GC-dependent induction of the endogenousmoter contexts is well documented in the literature; thus this
activity of the TAT and GS enzymes. Importantly, this the model is a plausible explanation for our observations with
first demonstration of functional antagonists of an endoge- RU486 and the antagonist potency of the NSGCAs relative to
nous metabolic marker gene of protein turnover, GS, in a RU486 in the rodent GS and TAT assays, respectively. How-
recognized cell model of GC action, the L6 skeletal muscle ever, unequivocal proof for this model warrants additional

cell line.
Of the three NSGCAs with functional activity in the TAT
experiments, NSGCA&and3had significantly higher antag-

studies.
Collectively, the rodent TAT and GS studies suggest that
the NSGCAs behave as pure antagonists at both the TAT

onist potencies compared to the phenyl carboxamide deriva-and GS promoters; whereas RU486 may be a mixed partial

tive, NSGCA1 (Table 3. One possibility for the lower antag-
onist potency of NSGCA may be due to low cell permeabil-
ity and or lower whole cell GR ligand binding activity. The

results of the whole cell GRligand binding studies in the

agonist/antagonist at the TAT promoter and a pure antagonist
at the GS promoter.

Having established the functional activity of these com-
pounds in rodent cell models of GC action we then turned
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our attention to characterizing them in human cells. Here, = The poor agonist/antagonist activity of NSGC2and3
primary human skeletal muscle cells were utlized to moni- in the MMP-1 assay is not due to a lack of cell permeability
tor the effects of the NSGCAS on a marker gene for protein because as mentioned earlier these compounds were potent
turnover, GS. In line with the rat GS studies, these ligands antagonists of the Dex dependent induction of the MMTV-
were full antagonists of Dex mediated induction of the GS en- LTR luc reporter in the same cell line. Furthermore, the po-
zyme with similar efficacy as RU486. Importantly, NSGCA tencies of NSGCAZ and 3 in the whole cell GR ligand
3 was a sub-micromolar antagonist with ans¢& 659 nM binding studies, in several cell types, including the A549
(Table 4. To our knowledge these findings are novel and may cell line where the MMP-1 gene was tested, strongly ex-
have potential implications both at the research and drug dis-clude this possibility Table ). One potential mechanism
covery level. GS levels have been shown to be elevated infor the their lack of agonist activity in the MMP-1 assay
catabolic states, including muscle wasting; thus, a GR antag-may be due to their inability to recruit the appropriate co-
onist may be a viable alternative therapy for the treatment of factors that may be needed for maximal &Rediated re-
this devastating disease. pression of the MMP-1 promoter. In this regard, the re-
The MMTV-LTR is a prototypical GRe regulated pro- cent chromatin immunoprecipitation (CHIP) studies with the
moter that has been extensively cited in the literature and GM-CSF promoter in the presence of Dex or RU486 in the
thus was used here in part, as a comparator for benchmarkingA549 cell line lend support to this notiofi3]. In these
the results with the endogenous &Responsive promoters  studies, it was shown that complete repression of the GM-
tested here. Consistent with the human GS transactivationCSF gene by Dex, required abrogating p65-associated his-
studies, the NSGCAs antagonized the Dex-dependent inductone acetyl transferase (HAT) activity and the recruitment
tion of the MMTV-LTR luc reporter, with similar potency  of Histone Deacetylase 2 (HDAC 2), to this promoter. Im-
and efficacy Table 4 Fig. 3A and B). portantly, in parallel CHIP experiments with RU486, it was
The potential utility of GR antagonists in the clinic is demonstrated that while RU486 was able to attenuate p65-
strongly dependent on a good therapeutic ratio. One po-associated HAT activity it did not recruit HDAC2 to the GM-
tential side effect of GR antagonists would be to interfere CSF promoter. Finally, consistent with the CHIP studies, the
with the endogenous anti-inflammatory activity of the GR. GM-CSF ELISA studies that were cited earlier showed that
To address this potential liability of the NSGCAs, the ex- RU486 inhibited the secretion of GM-CSF with 50% the
pression levels of the proinflammatory enzyme, MMP1 were efficacy of Dex. Taken together, the later provides a plau-
measured in the presence of Dex in the MMTV-luciferase sible explanation for our observations with RU486 and the
A549 stable cell line. This cell model was chosen in or- NSGCAs in the MMP-1 GR transrepression studies. How-
der to simultaneously measure the effects of these ligandsever, this work cannot exclude for the potential for additional
on both Dex mediated GR transactivation and transrepres-and or alternative mechanisms to be involved in the mode
sion, in the same cell line. Thus, offering the advantage of action of these ligands. Future studies will be required to
of excluding cell type effects on the NSGCAs’ potency. further define the mechanism of action of these novel lig-
Importantly, the NSGCAs were inactive as agonists and ands.
weak antagonists of Dex mediated repression of the MMP-
1 gene. Indeed, the dose response of the NSGEZAad
3 as antagonists of the MMP-1 gene £45 10,000), was
significantly right-shifted compared to their antagonist activ-
ity at the MMTV-luciferase reporter (I§g=160-210 nM).
(Fig. 3, Table § Thus the later is consistent with the no-
tion that the NSGCAs would not have minimal effects on
the endogenous anti-inflammatory activity of the &Rn
this cell line. By contrast, RU486 was a mixed partial
agonist/antagonist with an Eg=0.3nM/30%max and an

5. Significance

The extensive literature on RU486 has strongly im-
plicated GCs in the pathogenesis of insulin resistance
[2,7-9,15,16] GC excess due to hyperactivity of the
hypothalamic—pituitary—adrenal (HPA) axis, or to increases
in GRa sensitivity in peripheral tissues, or to altered cortisol
metabolism have all been correlated with insulin resistance
IC50=260 nM, respectively. Although, at first glance the re- states[1]. Thus a GR-selective antagonist may be a rea-
sults with RU486 in the GRtransrepression studies seemed sonable therapeutic agent for lowering plasma glucose levels
unexpected, it appears that similar findings have been ob-in Type Il diabetics. Here we have identified NSGCAs that
tained with other cytokine promoters in the A549 cell line. completely antagonized the GC-dependent induction marker
Namely, RU486 was found to be a potent partial agonist genes for glucose and glutamine metabolism: TAT and GS
of the cytokine granulocyte-macrophage colony stimulat- in vitro. Importantly, to our knowledge antagonists of the GS
ing factor (GM-CSF) with an E€=0.7 nM/50% maxi- enzyme activity are novel and could have potential therapeu-
mal efficacy[13]. Likewise, in GR transrepression stud- tic applications for the treatment of muscle wasting. More-

ies in the osteosarcoma cell line, MG63, with concentra-
tions as high as 100 nM RU486 only partially antagonized
the Dex mediated repression of the cytokine IL-6 pro-
moter.

over, with the NSGCAs significant right shift in potency as
antagonists of Dex mediated transrepression of the MMP-1
promoter, it may afford these compounds an improved ther-
apeutic ratio.
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Finally, the recent disclosure by other members of the [12] P.O. Hasselgren, Glucocorticoids and muscle catabolism, Curr. Opin.

pharmaceutical industry of functional and selective GRs
(sGRMs) provides additional evidence that novel NSGCAs

can be obtained20-22] Hence, the NSGCAs described

here, should stimulate further efforts to explore the poten-

tial for NSGCAs to lower plasma glucose levels and protein
catabolism in vivo.
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