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Abbreviations: 1B-HSD1, 1PB-hydroxysteroid dehydrogenase type 1;5-HSD2, 1P-
hydroxysteroid dehydrogenase type 2; E1, estro@e1BB-estradiol; ER, estrogen receptor;
MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-teizolium bromide; ; PAMPA, parallel
artificial membrane permeability assay; SAR, stoetctivity relationship; TEER,
transepithelial electrical resistance
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Keywords: 178-HSD1-inhibitors, drug development, estrogen depehdiisease, metabolic
stability, screening system, selectivity ftASD2, hepatic CYPs, estrogen receptor).

Abstract

17B-Hydroxysteroid dehydrogenase type 1{¥SD1) catalyses the intracellular conversion
of oestrone (E1) taoestradiol (E2). E2 is known to be involved in thevelopment and
progression of breast cancer and endometriosi€eSIB-HSD1 is overexpressed in these
oestrogerdependent diseases, inhibition of this enzymay be a more target-directed
therapeutical approach compared to establishedcaleieatments. For the identification of
highly active and selective gHSD1-inhibitors that are suitable for applicatias potential
therapeutics, there esneed for an appropriate, efficient and reliableesning system. Here
we report the developmeand applicatiorof our screening system using our in house library
of potential 1B-HSD1-inhibitors. Four potent and selective commsumvith a good first
pharmacokinetiprofile wereidentified.
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1 Introduction

178-HSD1 catalyses the NADPH dependent reduction efwbakoestrogen E1 to E2 (final
step ofoestrogen biosynthesis). E2 is the principal andtmogentoestrogen in humans. In
addition to non-genomic effects, it performs crudictions in the endocrine system by
binding to theoestrogen receptors (ER However,it has also been shown to stimulate the
proliferation of diseasesuch asendometriosis (Zeitoun et al.,, 1998) and breasicea
(Thomas, 1984Yihko et al., 2008 178-HSD1 is overexpressed @ndometriatissue (Smuc
et al., 2007) and in many breast tumodnsis leaddo a high intracellular concentration of E2
which activatesell proliferation (Miyoshi et al., 2001). Inhimn of this enzyme is therefore
an attractivenovel concept for the treatment oestrogerdependent diseases. Compared to
established endocrine therapigsit systemically reduc&?2 action fewer side effectsare
expected.

To be suitable as potential therapeuticB-HED1-inhibitors must meet several requirements.
High 173-HSD1 inhibitory activity and low inhibition ofts physiological counterpart B7
HSD2 (Wu et al., 1993) are essential. Besidesinhiditors must not activate the ERsand

B to avoid stimulation of tumour growth. Moreoveagl intestinal absorption, sufficient
metabolic stability and low interaction with hegatCYP-enzymes are very important.
Consequently, it is necessary to have a biologicedening systermn handfor the evaluation
of active compounds. Hereve describe our biological test systémtenabled us to identify
two series of highly active non-steroidalptSD1-inhibitors with good selectivities towards
178-HSD2 and bothER subtypes (Bey et al.,, 2008; Frotscher et al., 20@&rchais-
Oberwinkler et al., 2008).

2. M aterials and methods

2.1  Cellfree competitive inhibition assay on huma-HSD1

The assayasperformed similar as described by Sam et al. (8aah, 1998). Briefly, human
enzymewaspartially purified from placental tissue and inatéd with [2, 4, 6, 7H]-E1 (500
nM) for 10 min at 37 °C irthe presence of NADH. After ether extraction, substrahd
product were separated by HPLC and detected with a radiofloveater (Berthold
Technologies, Bad WildbadJrotscher et al., 2008).

2.2  Cellfree competitive inhibition assay on humarHSD?2

Human enzyme is partially purified from placentaisste and incubated with
[2, 4, 6, 7§H]—E2 (500 nM) for 20 min at 37 °C ithe presence of NAD After ether
extraction substrate and produgtere separated by HPLC and detected with a radioflow
detector (Frotscher et al., 2008).

2.3  CompetitiveER binding assay

ER-binding affinitywasdetermined similarly to a previously described met(Zimmermann

et al., 2005). ER or ER3 wasincubated with [2, 4, 6, #]-E2 and inhibitor for 1 h at room
temperature. Receptor-bound and freevie2e separated by means of hydroxyapatite. The
amount of bound radioactivitwas measured in a liquid scintillation counter. Noresific
bindingwasdetermined with diethylstilbestrol (Bey et al. 030).

2.4  Cytotoxicity assay

For evaluation of cytotoxicityconversion of MTTwas determinedas described bpenizot
and Lang with minor modifications (Denizot and Laid§86). T47-D cellsvere incubated
with the inhibitor for 3 h at 37 °C im 5 % CQ humidified atmosphere. After an MTT-
incubation of 3 h the cleavage of MTT to a bluenfazane by mitochondrial succieat
dehydrogenase was quantified spectrophotometriea 90 nm.
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2.5  Cellular activity

T47-D cellswere preincubated with the inhibitor for 30 min. After 30inmincubation with
[2, 4, 6, 73H]-E1 at 37 °C ira 5 % CQ humidified atmosphere the supernataasextracted
with ether. Probe analysigasperformed according to the célee inhibition assays.

2.6  Oestrogenicity assay

T47-D cellswere grown in phenolred-free medium supplemented witipged fetal calf
serum. T47-D cellsvereincubated with the compounds for 10 days at 371n°€5 % CQ
humidified atmosphere. The medium containing tispeetive inhibitomwasexchanged every
2 to 3 days. E2vas used as positive, ethanol asegative control. Determination of cell
numberwasperformed by MTT-conversioas described fahe cytotoxicity assay.

2.7  CaCo2-permeability assay

CaCo-2 cell culture and transport experiments aréopmedas described byee (Yee, 1997)
with small modifications. Four reference compourfdtenolol, testosterone, ketoprofene,
erythromycin) were used in each assay for valigdat®amples were taken from the acceptor
side after 0, 60, 120 and 180 mand from the donor side after 0 and 180 min. Ttegrity

of the monolayers is checkdry measuring the transepithelial electrical ressta(TEER)
before the transport experiments and by measutingel yellow permeability after each
assay. All samples of the CaCo-2 transport experisnare analysed by HPLC-MS/MS.

2.8  Metabolic stability assay

The assay is performed with liver microsomes frats (Sprague Dawley, male pool; BD
Gentest, USA). The incubation consists of a miameosuspension of 0.33 mg/ml protein in
phosphate buffer NADPregenerating system (NADP glucose-6-phosphate, glucose—6-
phosphate dehydrogenase, MgCThe reaction is initiated by the addition ofttesmpound
(final concentration M) to the pre-incubated microsomes/buffer mix af@7 The samples
are removed from the incubations after 0, 15, 3@, 80 min and processed for acetonitrile
precipitation. Analysis is performed by LC-MS/MS.

2.9 Inhibition of hepatic CYP-enzymes

The commercially available P450 inhibition kitsftdBD Gentest (Heidelberg, Germany) are
used according to thmanufactorer”snstructions. Compounds are tested for inhibitddnhe
following enzymes: CYP1A2, 2B6, 2C9, 2C19, 2D6 a®W4. Inhibitory potencies are
determined as l§g-values.

2.10 In vivo pharmacokinetics

Male Wistar rats weighing 300-330 g (Janyierance) are housed in a temperature-controlled
room (20-22 °C) and maintained in a 12 h lighthl@ark cycle. Food and water are available
ad libitum Compoundsire applied orally in a cassette dosiadour rats by using a feeding
needle. The compounds are dissolved in a mixtuma$ol/water (1:1) and given at a volume
of 5 m/kg. Blood samples (0.2 Inare taken at 0, 1, 2, 3, 4, 6, 8, 10 and 24 hdpose and
analysed by HPLC-MS/MS.

3. Results

3.1 Requirements of BHSD1-inhibitors as potential therapeutic agents

For the design of a screening system that can sisslevant aspects of f-HSD1-inhibitors

as potential therapeutics it is necessary to astalthe corresponding single tests for the
evaluation of different properties and combine thero an efficient screening system.
Important properties of the inhibitors as well @pm@priate tests are given Trablel.
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Tablel
3.2 Description of the developed screening system
The first and principle feature is a high inhibjtaactivity towards the target enzymepi7
HSD1. It can be evaluated quickly by a competitimbibition assay using the partially
purified human enzyme. With this test it is possilbdb deduce reliable structdaetivity
relationships (Salhab et al.). Besides, it is aisgportant that inhibitors areactive
intracellularly. This property can be investigatey a cellular assay. Moreover, this assay
provides first insights into cell permeability, iatellular metabolism and protein adsorption.
To avoid side effects the physiological counterpdrthe target enzyme, gHSD2, which
catalyses the reverse reaction, should not be étb¢kig. 1).

Figurel
Therefore, a cell free competitive inhibition assasing the human B/HSD2 must be
applied at an early stage gainadditional SAR regarding selectivity. For a conigam of the
inhibitors 1Csg-values are determined in both cell-free assays seidctivity factors are
calculated. A second aspect of selectivity concahes ERs. Neither an agonistic nor
antagonisticeffect is acceptables side effects could also be evoked via ER-aniam. For
this reason, binding affinity is evaluated for eamibtype of human ERa(and ) in a
competitive binding assay. Going beyond the stefigaind binding in a second functional
test the proliferation stimulating properties of thdiinitors are evaluated in a cellular system
with the oestrogen-dependefiireast cancer cell line T47-D. For the evaluatadntoxic
effects a further cellular assay has been establishedteAcytotoxicity is assessed by
determining the number of living cells after a ghimcubation time using the MTT-test.
Chronic cytotoxic effects may also be seen indbstrogenicity assayn which the cells are
incubated with inhibitor for ten days.
In addition to these pharmacodynamic consideratmireemacokinetic aspects play also an
important role in preclinical drug design. A prewesite for the application of a compound as
therapeutic isgood absorption in the gastrointestinal tract. Astfievidence on cell
permeability is given by the cellular inhibitiorstementioned before. For the determination of
intestinal absorption a CaCo2-permeability assaypésformed. In contrast to artificial
membrane modelsuch asPAMPA (parallel artificial membrane permeabilitgsay) this
colon carcinoma derived cell line allows for thesetvation of relevant metabolic steps and
active transport processes in the gastrointestiaat. To ensure a high throughput a cassette
dosing procedure has been developed. Interfereribdiver metabolism is of special interest
in drug development. On the one hand the compoumast display sufficient metabolic
stability in order to reach the target. Therefomeetabolic stability is assessed by the
determination othe half life time in rat liver microsomes. On the etthand the compounds
should not inhibit the degradation of other end@gmsnor exogenous substances. To evaluate
this effect inhibition of the six most importantgagic CYP-enzymes is determined in a cell-
free assay. The final step in the evaluation p®¢eanin vivotest in ratthat isperformed to
assess thpharmacokintetic profilef the inhibitors.

Figure2
For the development of a powerful screening systeahprovides a maximum of information
it is necessary to apply the single evaluationsstea reasonable and efficient order (Fig. 2).
In every single step inhibitors undergo selectByapplication of this screening sequence hit
structures can be identified, the development &a Istructures is supported, input in the
optimisation of these lead structures is providadd candidate substances for further
evaluation can be proposed. For the fast determmmaif SAR three celfree activity and
selectivity assays are performed. Before applyiefjular assays cytotoxic effects are
determined to make sure that the measured inhilsitire notartifactual Subsequently,
intracellular inhibition as well aestrogenic effecids determined.Intestinal absorption is
only determinedor compounds which are intracellularly active arah oestrogenic. After

-6- Page 6 of 15



that the interplay of inhibitors and hepatic enzgnie evaluated in two steps followed by
pharmacokinetic studieis rats. For the determination wf vivo activity several models are
described (Day et al., 2008; Einspanier et al. 62@rimmer et al., 2001; Husen et al., 2006;
Laschke et al., 2005). Presently, the most appatgprior our screening procedure is being
elaborated.

Figure3
3.3  Application of the established screening system
For the evaluation of the effectiveness of the tgpad screening system 214 non-steroidal
compounds of different structural classeere designed, synthesised and tested (Fig. 3).
Eighty-two compoundswere highly active 1B-HSD1 inhibitors with 1Gy-values below 1
MM, and 23 of thesewere also selective against irHSD2. The latter compounds were
evaluated in the ER-affinity tests. Sixteen turioed to have a very low affinity to botER
subtypes and no cytotoxic effects on T47-D cellse Fof these shoed a good intracellular
activity. After performingthe oestrogenicity tesfour compounds turned out to be candidates
for extendedpharmacokinetic evaluation

4. Discussion and Conclusion

As mentioned abovenon-steroidal compounds are of major interEstverside effectsare
expectedrom these compounds, since the non-steroidal scastobddild show less affinity to
other steroid-binding proteins. Nevertheless, tifi@ity of our compounddgor the ERs is of
particular interest, becaugtRo agonisnon would leads to furthediseaseprogression and
thus impais the therapeutic benefit. An agonistic effect onfERIght have a benefit in the
treatment ofoestrogerdependent diseases due to the putative antiprtier effect of this
receptor (Matthews and Gustafsson, 2003; Strom.ef@04). Howeverthis may lead to
ERB-derived side effectsConversely ERx antagonists decrease proliferation, but they also
show typicalanti-oestrogeniside effects. Therefore, an ERntagonism is also not tolerable
for this approach. Since a deficiency of [ERight lead to uterine hyperproliferatioBR3-
antagonisms alsoundesirablg(Weihua et al., 2000). For these reasams perforned two
ER-binding assaythatenablel us to deduce SAR for the development of compowitisno

or low affinity to the ERs.

For a closer investigation of the compounds theamnieed for a cellular model thiatfills the
following requirements. First, the cells shoulddifenammalian origin and be related to one
of theoestrogen-dependediseases. Secondly, they must expregsH3D1 and 1B-HSD2.
Stronger expression of the former is desiralde this is the case in the diseased tissue.
Moreover, the cells should express cEBnd ER, which leadsto oestrogen dependent
proliferation. For this reaspmwe considetthat T47-D cellsare very appropriate for then
vitro studies.

After investigatingthe important aspects as mentiongoove the compounds must be
evaluated in disease mogeUsing different animal model& 73-HSD1 has been validated as
an appropriate target for treating breast cancdr eemdometriosigEinspanier et al., 2006;
Grummer et al., 2001)-or the investigation of thi& vivo activity of our compounds we are
presently examining their PK-profile and their ibibdry potency on E2-formation in the
corresponding species.

In the presenstudy we have established several single tests and oewhiheminto a
powerful screening system. In this test sequeralevant properties of potential therapeutics
were investigated at an early stage of inhibitor depeient. A number of non-steroidal
compounds were evaluated. Using the single assaigsvigere deduced and applied for the
optimisation of the synthesised compounds. As altrés/o series of novel BFHSD1-
inhibitors with promising features were discovera@the most interesting compounds were
highly active and selective inhibitors of ffHSD1 and showed goptarmacokinetic
properties They are candidates for a further preclinicaledepment.
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Necessary properties for

178-HSD1-inhibitors as potential

Relevant assays for the evaluation of the

Pharmacokinetic properties

-12 -

: inhibitors
therapeutic agents
o High inhibitory activity at the = Cell-free 1B-HSD1 inhibition assay
E target enzyme = Cellular 1B-HSDL1 inhibition assay
g " Selectivity towards 1FHSD2 = Cell-free 1B-HSD2 inhibition assay
K © No (anti-pestrogenic effects = Competitive ER and ER binding
g :).)_ assay
£ = T47-D proliferation test
o No acute or chronic toxicity = T47-D MTT-cytotoxicity assay
o (acute)
= T47-D proliferation test (chronic)

o Good cellular absorption = Cellular inhibition assay
o » CaCo2-permeability test
S ©
o o - . - - . _ye
sg Low interference with liver = Rat liver microsome stability assay
£ 2 metabolism = CYP-inhibition assays
2
o

In vivotest in rats
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Figure 1:
Interconversion of estrone (E1) and3i&stradiol (E2) by 1¥-HSDs
0 OH
17B-HSD1, NAD(P)H
17B-HSD2, NAD*
HO HO
El E2
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Figure 2: Combination of single assays to a powedteening system

Inhibitor Competitive inhibition assay
identification (human 17pHSD1 from placental tissue)
Competitive inhibition assay
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Cellular activity assay
(mammalian cells; T47-D)
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Estrogenicity (MTT: mammalian cells; T47-D)
Intestinal o
absorption CaCo2-permeability assay

Metabolic stability

Metabolic stability assay
(rat liver microsomes)
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Inhibition of hepatic enzymes

interactions (CYP1A2, CYP3A4, CYP2E6, CYP2C9,
in vitro CYP2C19, CYP2D6)
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properties in vivo
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Activity in vivo
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Figure 3: Efficiency of the screening system
Compound collection consisting of 214
potential 173-HSD1-inhibitors

: !

82 highly active 17p-HSD1-inhibitors

23 selective compounds towards 17p-HSD2

16 selective compounds towards
ERo and

16 non acute cytotoxic

1 |

Selected compounds for extended

evaluation
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