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ABSTRACT

Amyotrophic lateral sclerosis (ALS) isafatal neurodegenerative disorder characterized by
progressive death of cortical and spinal motor neurons, for which there is no effective
treatment. Using a cell-based assay for compounds capable of preventing motor neuron cell
death in vitro, a collection of about 40,000 low molecular weight compounds was screened to
identify potential small-molecule therapeutics. We report the identification of cholest-4-en-3-
one, oxime (TRO19622) as a potentia drug candidate for the treatment of ALS. In vitro,
TRO19622 promoted motor neuron survival in the absence of trophic support in a dose-
dependent manner. In vivo, TRO19622 rescued motor neurons from axotomy-induced cell
death in neonatal rats and promoted nerve regeneration following sciatic nerve crush in mice.
In SOD1%%** transgenic mice, amodel of familial ALS, TRO19622 treatment improved motor
performance, delayed the onset of the clinical disease, and extended survival. TRO19622
bound directly to two components of the mitochondrial permeability transition pore: the
voltage-dependent anion channel (VDAC) and the translocator protein (or peripheral
benzodiazepine receptor), suggesting a potential mechanism for its neuroprotective activity.
TRO19622 may have therapeutic potential for ALS and other motor neuron and

neurodegenerative diseases.
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INTRODUCTION

Amyotrophic lateral sclerosis (ALS) isarapidly progressive neurodegenerative disorder that
selectively affects motor neuronsin the spinal cord, brainstem and cortex. ALS affects people
of all races and ethnic backgrounds with an incidence about 2 per 100,000 individuals
(McGuire and Nelson, 2006). The onset of ALS is most common in the 55 to 75 year age
range, and incidence rises with advancing age; men have a higher risk of developing the
disease than women (Nelson, 1995). Common clinical features of ALS include muscle
weakness and fasciculations. These occur predominantly in limbs, although bulbar onset
pathology can also lead to tongue atrophy and dysphagia. Failure of the respiratory muscles
and cardiac complications are generally the fatal event, occurring within an average of three
years of disease onset, with only a 5% chance of survival 5 years after diagnosis (del Aguila
et a., 2003). Although 5 to 10 % of ALS cases are inherited, most cases are sporadic and the
underlying causes of the disease remain unknown. Riluzole, currently the only drug approved
for the treatment of ALS, prolongs survival by 2 to 3 months without improvement in motor

functions (Bensimon et al., 1994). New therapies are therefore urgently needed.

Some clues to the pathogenesis of AL S have come from the discovery of >100 mutationsin
the gene coding for superoxide dismutase (SOD1); these are responsible for 20% of familial
cases of ALS (FALS). These mutations lead to atoxic gain of function and do not necessarily
affect enzyme activity. Abnormal protein folding leading to aggregation, inappropriate
targeting to mitochondria and increased free radical generation are considered to be potential
mediators triggering neuronal dysfunction and ultimately death (Bendotti and Carri, 2004;
Bruijn et a., 2004). Oxidative stress and mitochondrial dysfunction can make cells vulnerable
to excitotoxicity due to loss of calcium buffering capacity and/or ATP depletion. Even though
SOD1 mutations are found in only a small subset of ALS patients, the dysfunction triggered

by these mutations may underlie sporadic cases as well.
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During the AL S disease process, loss of neuromuscular connections through dying-back of
axonsisfollowed by programmed cell death of motor neurons (for review see (Sathasivam
and Shaw, 2005). Neurotrophic factors promote both motor neuron survival and growth
during development (Oppenheim, 1989). These factors rescue spinal motor neurons from
axotomy-induced cell death (Sendtner et al., 1990) and accelerate regeneration of motor axons
after nervelesion in rodents (Friedman et al., 1995) suggesting that motor neuron disease
might benefit from neurotrophic factor administration (Henderson, 1995). Indeed when
administered to animal models, by cellular or gene therapy, neurotrophic factors were
effective in slowing motor neuron degeneration (Sendtner et al., 1992; Haase et al., 1999;
Bordet et al., 2001; Lesbordes et al., 2003). However, clinical trias of trophic factors failed to
demonstrate efficacy, probably due to the poor absorption, distribution and metabolic
properties of these polypeptides (Apfel, 2001). Interest has therefore turned toward
identifying small molecules that can mimic trophic factors and support motor neuron survival

and thereby treat motor neuron disease.

In the absence of validated targets or a clear understanding of the pathogenesis of ALS, we
developed a phenotypic cell-based screening approach, selecting motor neuron survival as a
clinically relevant endpoint. We took advantage of techniques for purifying and culturing
motor neurons from embryonic rat spinal cord (Henderson et al., 1995). These cultured motor
neurons retain several key properties of motor neurons in vivo including dependency on
trophic factors for survival. Indeed, approximately 15 different motor neuron trophic factors
have been identified using purified motor neurons as a bioassay (Oppenheim, 1996). Here, we
report that small chemical compounds can have similar properties. Cholest-4-en-3-one, oxime
(TRO19622) is a small molecule that displays remarkable neuroprotective and

neuroregenerative properties for motor neurons in vitro and in several anima models of
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neurodegeneration and nerve trauma. It is therefore a promising candidate for development to

treat ALS and other motor neuron diseases such as spinal muscular atrophy (SMA).
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METHODS

Drugs

TRO19622 (Figure 1) was synthesized by Archemis (Décines Charpieu, France). Cyclosporin
A (CsA) was purchased from Sigma (St. Louis, MO). For in vitro studies, TRO19622 was
dissolved in dimethyl sulfoxide (DM SO) to prepare 102 M stock solutions that were diluted to
their final concentration in the appropriate buffer or medium. For in vivo studies, TR0O19622
was administrated either by oral gavage as a suspension in hydroxypropylmethylcellulose or
vegetable oil or by subcutaneous injection for long-term studies as a solution in a mixture of

cremophore EL/DM SO/ ethanol/phosphate buffer saline (CDEP) (5/5/10/80, respectively).

Animals

Sprague Dawley rat embryos or newborn pups (Elevage Janvier, Le Genest Saint Isle, France)
were used for in vitro neuronal assays or facial nerve axotomy, respectively. Adult female
C57bl/6 RImice (Charles River, L’ Arbresle, France) were used for sciatic nerve regeneration
studies. Animals were maintained in aroom with controlled temperature (21-22°C) and a
reverse 12-hrs light-dark cycle with food and water available ad libitum. All experiments
were carried out in accordance with European legislation and institutional operating

procedures.

M otor neuron trophic deprivation model

Motor neurons were prepared from embryonic E14 rat spinal cord to ~95% purity using a
two-step density centrifugation and immunopurification procedure as previously described
(Henderson et al., 1995). Purified motor neurons were seeded at 530 cells/well in poly-
ornithine/laminin-coated 96-well platesin Neurobasal® medium supplemented with 2% B-27
(Invitrogen, Carlsbad, CA), 2-mercaptoethanol 25 uM and 2% horse serum. Test substances

were added one hour after plating. TRO19622 was added to final concentrations ranging
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from 0.1 to 10 uM in 0.1 % DM SO (n=8 wells/concentration). A cocktail of neurotrophic
factors (BDNF 1 ng/ml, CNTF 10 ng/ml and GDNF 1 ng/ml) was used as a positive control
and taken as 100 % survival while survival in basal medium (i.e. without trophic factors) was
taken as 0 % survival (negative control). After three days of culture, surviving motor neurons
were stained using a vital dye, calcein-AM® (Molecular Probes, Carlsbad, CA) at 2 ug/ml for
30 minutes. Next, fluorescence of the medium was quenched with hemoglobin (5 mg/ml) and
cell survival was determined by direct and automatic counting of fluorescent motor neurons
using the Flash Cytometer® (Suppl. Figure 1), a fluorescence imaging plate reader developed

for thistask by Trophos (Marseilles, France).

Automated measur ement of motor neuron survival and neurite outgrowth

Motor neuron cultures were stained with calcein-AM and automatic image acquisition of all
cellsinindividual wells of a 96-well plate was performed using the Flash Cytometer®. Cell
survival was automatically quantified in each well using dedicated software (TinaV4.8 ©,
Trophos). Measurement of neurite outgrowth was next performed with MetaM orph® Neurite
Outgrowth Application Module (Universal Imaging Corp., Dowingtown, US). Classification
for cell bodies and outgrowth were optimized following the manufacturer’s instructions and
by comparing the image using MetaMorph® with the original image from the
FlashCytometer®. Total cell number, neurite outgrowth/cell, number of processes and
branches/cell were then calculated automatically for all cells present in an entire well of a 96-

well plate.

Nuclear steroid receptors

The affinity of TRO19622 for rat or human nuclear steroid receptors was evaluated by
measuring its ability to compete with specific radioactive ligand binding as previously
described (Eckert and Katzenellenbogen, 1982; Inoue et al., 1983; Schilling and Liao, 1984;

Sheen et al., 1985; Ross et al., 1991; Clark et al., 1996). Functional interaction of TRO19622
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with progesterone receptors (either of the A or the B isoform), the glucocorticoid receptor and
the pregnane X receptor was also evaluated in gene reporter assays as previously described

(Massaad et al., 1998; Raucy et al., 2002).

In vitro binding to Translocator protein 18 kDa (Peripheral Benzodiazepine Receptor)

The affinity of TRO19622 for the translocator protein 18 kDa (TSPO) was evaluated by
measuring its ability to compete with [*H]PK 11195 binding to either membrane preparations
from rat heart (Le Fur et al., 1983) or recombinant mouse TSPO-containing proteoliposomes
(Lacapere et al., 2001). In the latter condition, TSPO-containing liposomes (2 pg of protein)
were incubated at room temperature for 30 min in the presence of 3 nM [*H]PK 11195 (100%
initial PK11195 binding; specific activity, 83.5 Ci/mmol) or for 60 min in the presence of 3
nM [*H]cholesterol (100% initial cholesterol binding; specific activity, 60 Ci/mmol).
Radioactive ligands were chased by incubation in the presence of increasing concentrations of
cold ligands (PK11195, cholesterol or TRO19622). Vesicle suspensions were filtered on
Whatman GF/C filters, washed, and radioactivity was measured by liquid scintillation.
Binding data were fitted to a simple sigmoid curve using the following equation Y=100-

amp*S/(Kd+S).

I n vitro binding to Voltage-Dependent Anion Channe (VDAC)

Photolabeling was performed as previously described (Darbandi-Tonkabon et al., 2003).
Briefly, rat brain membranes were placed in a quartz cuvette in buffer (50 mM potassium
phosphate buffer, pH 7.4, 150 mM NaCl, 1 mM EDTA) at a concentration of 400 ug of
membrane protein/ml and preincubated with either TRO19622 (1, 3 uM), 3053-TH PROG
(30 uM) or 30:50-TH PROG (30 uM) for 1 hour at 4° C in presence of 10 uM GABA. [°H]6-
AZziP (6-azi-3o-hydroxy-53-pregnan-20-one) at 1 uM was then added and further

preincubated for 20 min at 4° C in the dark. The cuvette was placed in a photoreactor at a
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distance of 8 cm from the source. The photoreactor uses a 450-watt Hanovia medium pressure
mercury lamp (Hanovia Ltd., Slough, Berkshire, UK) as the light source. The lamp is cooled
by a circulating cold water jacket, and the light is filtered through a 1.5-cm-thick saturated
copper sulfate solution. Thisfilter absorbs all light of wavelength <315 nm (Katzenellenbogen
et a., 1974). The samples were routinely irradiated for 1 minand continuously cooled to 4° C.
Following irradiation the membranes were harvested by centrifugation, solubilizedin SDS-
sample buffer (125 mM Tris-HCI, pH 6.8, 4% SDS, 0.1 M dithiothreitol, 20% (v/v) glyceral,
and 0.004% bromophenol blue), and analyzed by electrophoresison a 10% SDS-PAGE gel.
The gels were then sliced and the radioactivity measured in each slice. The data were analyzed
by integrating the area under the curve of radioactivity peak corresponding to VDAC proteins

(35 kDa).

Cerebellar granule cell apoptosis and quantification of cytochrome c

Primary cultures of rat cerebellar granule cells (CGCs) were prepared from dissociated
cerebella of 5-day-old Sprague-Dawley rats as previously described (Drejer et a., 1983).
Cells were plated in DMEM supplemented with 10% fetal calf serum, 25 mM KCIl and 0.15
g/l glucose (final concentration 6 g/l) on polyornithine-coated dishes (2.5.10° cells/dish).
Cytosine arabinoside (10 uM) was added to the culture medium 24 h after plating to prevent
proliferation of non-neuronal cells. Apoptosis was induced a 6 days in vitro. Cells were
washed and switched to serum-free DMEM, containing 5 mM KCI (McGinnis et a., 1999).
Mock cells were maintained in the same culture medium. All the compounds used were added
to the cell culture medium 6 hours before induction of apoptosis. Cells were homogenized 16
hours later in 20 mM Hepes pH=7.4, 10 mM KCI , 1.5 mM MgCl,, 1 mM EDTA, 250 mM
sucrose, 1 mM DTT, with protease inhibitor cocktail (Roche, Mannheim, Germany). The
homogenate was centrifuged at 500 g for 5 min a 4°C and the supernatant at 16,000 g for

30 min. The mitochondrial pellet was washed and centrifuged again at 16,000 g for 15
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minutes at 4°C. Cytochrome c levels in mitochondrial and cytosolic fractions were measured

by ELISA (Quantikine M, R&D Systems). Mitochondrial cytochrome ¢ was expressed as a

percentage of total cytochrome c.

Motor neuron survival after axotomy of facial nervein newborn rat

Two to three day old rat pups were anesthetized by hypothermia. The left facial nerve was
transected at the stylomastoid foramen. Care was taken to remove a 2-mm segment of the
nerve to prevent reinnervation of the distal nerve stump. Animals were treated with test
compounds 4 hours prior to surgery and then once aday for five days. TRO19622 was given
orally, at 10, 30 or 100 mg/kg. The control group received an equivalent amount of vehicle.
Animals were sacrificed 7 days after axotomy for the determination of neuronal survival.
Brainstems were removed, dehydrated and embedded in paraffin. Coronal sections (7 um
thick) were taken through the full extent of bilateral facial nuclel and were stained with cresyl
violet as previously described (Michaelidis et al., 1996). Manual counting was performed on
every fifth section. Results were expressed as the percentage of surviving motor neurons

compared to the sham-operated contralateral side. Groups included 17 to 20 animals.

Sciatic nerve regeneration in adult mice

Eight week old C57bl/6 RJ mice were anesthetized using ketamine chlorhydrate (60 mg/kg
ip). To reducetherisk of gender-related differences in response to TRO19622, only female
mice were used. The right sciatic nerve was surgically exposed at mid-thigh level and crushed
5-mm proximal to the trifurcation of the sciatic nerve. The nerve was crushed twice for 30 s
with haemostatic forceps (width 1.5 mm, Koenig, Strasbourg, France) with a 90 degree
rotation between each crush. Sciatic nerve degeneration/regeneration was assessed over 6
weeks by measurement of the compound muscular action potential (CMAP) and histological
studies of the damaged area of the sciatic nerve. TRO19622 was given subcutaneously at 0.3,

3, and 30 mg/kg. Treatments started the day of the crush injury and continued on adaily basis
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for 6 weeks. A total of 15 animals per group were used in the study. Electromyography was
performed once aweek for 6 weeks using a Neuromatic 2000M electromyograph (Dantec,
Les Ulis, France). Mice were anaestheti zed using ketamine chlorhydrate (100 mg/kg ip).
CMAP was measured in the gastrocnemius muscle after asingle 0.2 ms stimulation of the
sciatic nerve at supramaximal intensity (12.8 mA). The amplitude (mV) and the latency (ms)

of the action potential were measured.

Morphometric analysis of the lesioned nerve was performed at the end of the study. Sciatic
nerves were harvested at week 4 and 6 post-lesion from 5 animals per group and processed for
Epon embedding. Analysis was performed at the mid-lesion site on 1.5 pm thick cross
sections stained with 1% toluidine blue on the entire surface of the nerve section using semi-
automated digital image analysis software (Biocom, Les Ulis, France). Once extraneous
objects had been eliminated, the software reported the total number of myelinated fibers. The
number of degenerated fibers was then counted manually by an operator blinded in regard to
the treatment. Myelinated fibers were scored as degenerated when the myelin buckled and
prolapsed within the axoplasm forming onion bulbs. Morphological analysis was performed
only on non-degenerated fibers. For each non-degenerated fiber, the axonal and myelin
surface areas (Um?) were used to calculate the g-ratio (axonal diameter/fiber diameter),

indicative of the relative myelin sheath thickness.

AL Smode transgenic mice

SOD1%%* transgenic mice, which express the human SOD1 gene containing the G93A
mutation [the B6SIL-TgN(SOD1-G93A)1Gur line; Jackson Laboratories, Bar Harbor, ME,
USA] (Gurney et al., 1994), were maintained as hemizygotes by breeding transgenic males
with B6SILF1/J hybrid females. Transgenic offspring were genotyped for expression of the
transgene by PCR assay. Male and female SOD1%*** mice in equal numbers were treated

from postnatal day 60 until death by daily subcutaneous injections with either TRO19622 (3
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or 30 mg/kg) or the vehicle. Endpoints scored included body weight, motor behavioral testing,
electromyographic recordings and survival.

In this study, 11 mice per group were used although some animals did not recover from
anesthesia used to perform electromyography and were excluded from survival analysis.
Motor performance was assessed using the grid test. The apparatus consists of a horizontal
grid (length: 45 cm; width: 10.5 cm; size of the mesh: 1 x 1 cm) mounted 20 cm above aflat
surface support. Mice were lifted by their tail and slowly placed on the edge of the grid and
then released. The number of stumbles was counted during walking of a 37-cm distance on
the grid. Cut-off value was set as 30 stumbles. In cases where the animal was unable to
complete the required 37 cm distance, the test was stopped after 3 min and the worst score

was assigned.

Brain and plasma levels of TR0O19622

Brain and blood samples were harvested after daily subcutaneous administration of 0.3, 3 and
30 mg/kg of TRO19622 to adult mice for a 6 week treatment period. Samples were harvested
on week 1 and week 6, 4 hours after dosing, and stored at -20°C. Concentrations of
TRO19622 were determined by high-performance liquid chromatography with MSIMS

detection.
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RESULTS

Primary screening using purified motor neurons

To alow us to perform medium-throughput screening on primary motor neurons, we
developed a new instrument, the Flash Cytometer®, which allows rapid and fully automated
counting of single adherent cells (Supplemental Figure 1). This fluorescence-based image
analyzer was designed to count calcein-stained live neurons or other cells by rapidly capturing
fluorescent images encompassing the entire well of 96-well or 384-well culture dishes.
Subsequently, dedicated image-analysis software distinguished cell bodies from debris or
aggregates and automatically evaluated the number of live neuronsin each well (Vaenzaet
al., 2005; Estevez et a., 2006; Jacquier et al., 2006). Thistechnological breakthrough allowed
for screening of about 1,500 compounds per week, the throughput being limited only by the
number of motor neuron cultures that could be prepared. A program of chemical optimization
based on the hits coming from a collection of ~40,000 low molecular weight compounds
culminated in the selection of TRO19622 as one of the compounds with the most potent
survival promoting effects for motor neurons. TRO19622, cholest-4-en-3-one, oxime, isa

novel cholesterol-like small molecule (399 MW) (Figure 1).

Effects of TRO19622 on motor neuron survival and neurite outgrowth in vitro

When purified motor neurons were cultured in the absence of neurotrophic factors for 3 days,
addition of TRO19622 at concentrations ranging from 0.1 to 10 uM led to dose-dependent
rescue of motor neurons (Figure 2). At its maximal tested concentration (10 uM), TRO19622
maintained survival of 74 + 10 % (n = 8) of the neurons supported by a cocktail of trophic
factors (BDNF 1 ng/mL, GDNF 1 ng/mL and CNTF 10 ng/mL), taken as 100%. The ECs in
thisin vitro assay was 3.2 £ 0.2 uM (mean £ s.e.m.; n = 8). TRO19622, like other oximes,
existsin solution as a mixture of the syn and anti sterecisomers (40:60 £ 10%). Testing of

purified syn and anti forms showed that both were active with no significant differencein
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potency or efficacy (data not shown). Interestingly, TRO19622 not only preserved motor
neuron cell bodies but also promoted neurite outgrowth as compared to DM SO-treated motor
neurons (Table 1 and Supplemental Figure 1). Even at alow dose (1 uM) which produced
only a 38% increasein survival. TR0O19622 increased overall neurite outgrowth per cell by
54%. An even more striking effect was observed on the number of axonal branches per cell
(increased by 100% when compared to DM SO), suggesting that TR0O19622 might directly
enhance terminal sprouting. Neurite outgrowth values with optimal concentrations of
neurotrophic factors were used as a comparison (Table 1). Their effects were stronger still

but this may in part reflect the strong increase (212%) in cell density.

In vivo efficacy studies

In the absence of animal models with proven predictive value for efficacy in sporadic ALS
patients, in vivo activity of TRO19622 was evaluated in several animal models of motor
neuron degeneration or regeneration. Lesion models were used to probe TRO19622 effects
either on motor neuron death (neonata nerve axotomy) or on axonal degeneration/
regeneration (nerve crush) while mutant SOD1 mice were used as amodel of familial forms
of ALS. We used different routes of drug administration depending on the duration of the
studies. To avoid the stress of daily oral gavage in long-term studies (nerve crush and
SOD1%%** mice), we used the subcutaneous route. In parallel, to demonstrate oral efficacy, we
treated rat in the axotomy study per os. Plasmaand brain TRO19622 concentrations were
determined in control mice having received adaily subcutaneous administration of
TRO19622 for a 6-week treatment period (Table 2). Exposure was dose-related and plasma
levels had reached steady state by week 1 and remained stable over the 6-week treatment
period. Brain concentrations were also dose-dependent and relatively stable. Mean
brain/plasma ratios ranged from 0.2 to 0.5. At the dose of 3 mg/kg/d s.c., plasma and brain

levels were on the order of 0.5 pg/ml and 0.2 pug/g (or 1.25 and 0.5 puM), respectively.
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M otor neuron survival following motor axotomy in newborn rats

The ability of TRO19622 to promote motor neuron survival or growth in vivo was evaluated
using the established paradigm of facial nerve axotomy in neonatal rats, in which
degeneration of facial motor neuronsis triggered through loss of trophic support. In vehicle-
treated animals, the number of motor neuron cell bodies present 8 days after facial nerve
axotomy was only 20 £ 2 % (n = 17) compared to the number present on the control
contralateral side (Figure 3). When animals were treated orally for 5 days following the
lesion, TRO19622 increased motor neuron cell body survival in a dose-dependent manner
with significant rescue at the highest dose of 100 mg/kg (Figure 3). At this dose, motor
neuron survival was 29 + 2 % (n = 18) corresponding to a42 % increase in survival compared
to vehicle-treated animals. Similar protection was observed with oral administration of
TRO19622 at a single dose of 30 mg/kg when it was dissolved in vegetable oil (31+2 %, n=
15, data not shown). This was likely due to better oral bioavailability with this vehicle (data

not shown).

Sciatic nerve regeneration in adult mice

The ability of TRO19622 to promote axonal growth in vitro led us to evaluate its potential for
enhancing regeneration of peripheral nerve. Sciatic nerve crush in adult mice resulted in a
near-complete loss of nerve function as demonstrated by a dramatic loss of CMAP amplitude
(up to 80%), along with a marked reduction of motor nerve conduction velocity (CMAP
latency) during the first two weeks following the lesion (Figure 4A, B). Thisloss of function
was followed at 4 and 6 weeks by an increase in the proportion of degenerated fibers and an
overall shrinkage of axonal diameter (Figure 4D, F, G). Spontaneous recovery occurred from

week 2 onward as demonstrated by improvement in CMAP amplitude.

Treatment with TRO19622 (0.3, 3 or 30 mg/kg sc) led to a dose-dependent acceleration in the

regeneration process beginning at week 2 after injury, as indicated by improvementsin
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neuromuscular function (CM AP measurements), reaching significance for al doses by week 4
(Figure 4A). By week 6, TRO19622-treated mice demonstrated up to 80% recovery of the
CMAP level of sham-operated mice (control), whereas recovery was only 60% for vehicle-
treated mice. At the highest doses (3 and 30 mg/kg), reductions in the increase of CMAP
latency were observed compared to the vehicle-treated group. The differences were apparent 2
weeks after the lesion, reaching 15 % reduction by week 6 compared to vehicle-treated

animals (Figure 4B).

To determine whether these electromyographic improvements were correlated with decreased
nerve degeneration and/or improved nerve regeneration, a morphometric analysis was
performed on nerve sections in the mid-lesion region 4 and 6 weeks post-lesion. By 6 weeks
the number of degenerated fibers was significantly reduced using doses of 3 and 30 mg/kg

TRO19622: a 69 % reduction relative to control was observed for the 30 mg/kg group (Figure

4F).

M orphometric analysis of non-degenerated myelinated fibers was performed at week 4
(Figure 4G-l) by measuring axonal and myelin surface areas independently. Lesioned nerves
from vehicle-treated animals showed an overall reduction in axonal size (both median size
and maximum size) as compared with controls (Figure 4G). Treatment with TRO19622
increased axonal cross-sectional area, reaching statistical significance at the highest dose
(mean axonal size+ s.em.: 7.6 £ 0.1 um? in the TRO19622 30 mg/kg group, p<0.05 versus
6.0 = 0.1 un?? in the vehicle group; the uncrushed control group measured 14.0 + 0.2 um@). As
shown in figure 4H, sciatic nerve crush induced a significant increase in the g-ratio, an
indicator of relative loss of myelin thickness (see Methods). Importantly, at 4 weeks
TRO19622 treatment at all doses induced a significant reduction in g-ratio value with 80 %
correction at the dose of 3 mg/kg. TRO19622-treatment also induced a dose-dependent

reduction in “poorly” myelinated fibers (g-ratio > 0.8), and asmaller increase in the
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proportion of “highly” myelinated fibers (g-ratio < 0.6) at the doses of 3 or 30 mg/kg although
the latter difference did not reach statistical significance (p = 0.077). Based on both
electromyographic and histological results, the dose of 3 mg/kg/day was determined as the

minimal effective dose for further studies in transgenic models.

AL Smodel transgenic mice

Transgenic mice overexpressing the G93A mutated form of the human SOD1 gene are a
commonly used model for familial ALS (Gurney et al., 1994). As already reported by others,
SOD1%%* mice displayed a progressive decrease in body weight from week 15 onwards,
along with adeclinein grid test performance that is considered indicative of adeficit in motor

coordination (Figure 5).

Treatment of SOD1%%** mice with TRO19622 delayed the onset of many disease signs. At 3
mg/kg/day, we observed a 15-day delay in the onset of the decline of body weight (two-way
Anovatest, p<0.01; Figure 5A). A significant delay of about 11 days in the decline of grid
performance was observed at both 3 and 30 mg/kg doses (two-way Anova test from week 14
to 21, p<0.01; Figure 5B). Finally, treatment with TRO19622 also resulted in a significant
increase in lifespan (Figure 5C). TRO19622-treated SOD1°%®* mice lived 10 % longer (138 +
4 days, n=7 and 135+ 3 days, n = 7, for doses of 3 and 30 mg/kg/day, respectively) than did
vehicle-treated controls (125 + 3 days, n = 9). Since the delay in onset wassimilar in
magnitude to the prolongation of lifespan, we concluded that the major beneficial effect of

TRO19622 was on disease onset rather than progression.

Binding studiesto identify potential targets
In order to identify its potential molecular targets and mechanism of action, TRO19622 was
screened at concentrations up to 50 uM in buffered solutions containing 0.2% BSA on alarge

panel of enzymes, receptors, channels and transporters (Diversity Profile®, Cerep). Of the 80
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targets screened, only two showed a significant displacement of control binding: the
progesterone receptor and the translocator protein (18kDa) (TSPO), previously named

peripheral benzodiazepine receptor (PBR) (Papadopoulos et al., 2006).

To follow up on the binding to the progesterone receptor, more detailed studies of interaction
with classical nuclear steroid receptors were performed. TRO19622 a 50 uM displaced
radioligand binding to the progesterone receptor by only 56% while displacement of less than
20 % was observed at lower concentrations (Table 3). A slight interaction was observed with
vitamin D3 although it was judged of low significance in the absence of a dose-effect
relationship. No maor displacement was observed on other nuclear steroid receptors. To
further evaluate the potential agonist or antagonist activity of TRO19622 at progesterone
receptors, functional studies were performed using a progesterone gene-reporter assay in
MSC80 cells (Table 4). TRO19622 at concentration up to 10 uM did not activate the
endogenous glucocorticoid receptor (GR). When cells were co-transfected with progesterone
receptors-expressing plasmids, TRO19622 at concentrations up to 10 uM neither activated
progesterone receptors (either the A or B isoform, PRA or PRB) on its own nor prevented
their activation using concentrations of progesterone as low as 10 nM (Table 4). Similarly
TRO19622 neither activated the orphan pregnane X receptor (PXR) nor prevented its
activation by rifampicin in a gene-reporter assay (Table 4). Therefore, TRO19622 does not

interact functionally with classical nuclear steroid receptors.

TRO19622 tar gets components of the mitochondrial permeability transition pore

TRO19622 displacement of [*H]PK 11195 (0.2 nM) binding to TSPO in rat heart membranes
displayed an 1Csp of 30-50 uM (48 + 2 % inhibition of specific binding at 30 uM and 62 + 11
% at 50 uM). TRO19622 was therefore studied for its ability to displace the binding of
PK 11195 to purified recombinant mouse TSPO reconstituted into proteoliposomes (Lacapere

et a., 2001). Surprisingly only a slight decrease in binding of radioactive PK11195 was
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observed and this was independent of TRO19622 concentration (Figure 6A). An aternative
possibility came from the report that TSPO is a mitochondrial cholesterol transporter
(Lacapere and Papadopoulos, 2003; Jamin et al., 2005). Since TRO19622 has a cholesterol-
like structure, its ability to displace the binding of cholesterol to TSPO was also tested.
TRO19622 significantly displaced *H-cholesterol binding to recombinant TSPO with a K; of
100 nM (Figure 6B), indicating that TRO19622 interacts with TSPO at the cholesterol site

rather than at the PK11195 binding site.

One of theroles of TSPO is as part of the mitochondrial permeability transition pore complex
(mPTP) where it is closely associated with the voltage-dependent anion channel (VDAC) in
the outer mitochondrial membrane. Interestingly, specific binding of neuroactive steroids to
VDAC has been demonstrated using [*H]-6Azi P (6-azi-30.-hydroxy-53-pregnan-20-one), a
photoaffinity analogue of pregnanolone (THPROG) (Darbandi-Tonkabon et a., 2003). We
therefore investigated the interaction of TRO19622 with the neurosteroid site on VDAC by
measuring its ability to modulate covalent labeling of VDAC in rat brain membranes by [*H]-
6AziP. Low concentrations of TR019622 (1-3 uM) reduced photolabeling of VDAC by 6-
AziP in a dose-dependent manner suggesting a competitive interaction between 6-AziP and
TRO19622. TRO19622 at 3 uM reduced photolabeling by 55 + 10 % (Figure 7). A similar
degree of inhibition was observed with a 5f3-reduced steroid (pregnanolone, 3053-TH PROG)
at 30 UM (45 £ 1 %). In contrast, a 5a-reduced steroid (allopregnanolone, 3o50-TH PROG)
did not compete with the photolabeling of VDAC by 6-AziP (10 + 2 % inhibition) suggesting

that this binding site is stereosel ective.

These findings raised the possibility that the neuroprotective effects of TRO19622 might be
explained by inhibition of mPTP opening, for which arole in programmed cell death has

frequently been proposed. To investigate functional effects of TRO19622 binding at the

20

¥20z ‘0T [1dy uo sfeulnor 134SY e Blo'seuuno fiadse ed| wouy papeojumoq


http://jpet.aspetjournals.org/

JPET Fast Forward. Published on May 11, 2007 as DOI: 10.1124/jpet.107.123000
This article has not been copyedited and formatted. The final version may differ from this version.

JPET#123000

mitochondrial level, we tested its ability to modulate cytochrome c release. We used the death
of cerebellar granule cells triggered by low potassium as a model since the role of mPTP
opening in apoptosisis well documented in this system (Precht et a., 2005). Neuronal
apoptosis was triggered in cerebellar granule cells (CGC) by transferring the cells into low-
potassium culture medium. Sixteen hours after induction of apoptosis, cytochrome ¢ was
quantified by ELISA in mitochondrial and cytoplasmic fractions. The fraction of cytochrome
¢ in mitochondria decreased from 34 % of total cytochrome ¢ in mock controlsto 20 % in
following induction of apoptosis; total cytochrome c levels were unchanged (Table 5). Pre-
treatment with TRO19622 at 3 uM led to retention of 30 % of total cytochromecin
mitochondria. Similar inhibition of cytochrome c release was observed after pre-treatment

with CsA (10 uM), aknown inhibitor of mPTP opening.
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DISCUSS ON

Using a phenotypic cell-based screening approach we report the discovery of TR0O19622, a
low molecular-weight compound that potently enhances motor neuron survival and growth in
culture. TRO19622 is also active in vivo in three animal models of motor neuron
degeneration, demonstrating the predictive value of the cell-based assay. The finding that
TRO19622 interacts with protein components of the mitochondrial permeability transition
pore defines these as potential new therapeutic targets for the diverse traumatic and genetic

lesions of the motor system that involve mitochondrial dysfunction.

TRO19622 as drug candidate

In vitro, TRO19622 was nearly as effective as a cocktail of three neurotrophic factors at
maintaining motor neuron survival, and promoted neurite outgrowth and branching in the
same cells. In vivo TRO19622 rescued motor neuron cell bodies from axotomy-induced cell
death. TRO19622 also accelerated spontaneous nerve recovery after nerve crush as measured
by enhanced recovery of CM AP amplitude and latency, and earlier functional recovery (not
shown). TRO19622 most likely both slows degeneration and accelerates regeneration of nerve
fibers. Numbers of degenerated fibers were significantly reduced by TRO19622 treatment,
while axonal sizes of lesioned nerves, a marker of axonal regeneration (Funakoshi et al.,
1998), were increased. Unexpectedly, TRO19622 seemed also to affect other functionally
relevant processes. By week 4 of drug treatment, muscle EMG parameters were improved in
the absence of changes in the density of degenerating fibers, suggesting that TRO19622 may
have beneficial effects on neuromuscular junction function. Moreover, TRO19622 treatment
led to an increase in the proportion of “highly” myelinated fibers, suggesting that part of the

beneficial effect of TRO19622 may be due to effects on glia.

Enhancing axonal sprouting and regeneration would be expected to be beneficial in ALS, in

which axonal dying back plays an early role (Gordon et al., 2004; Precht et al., 2005; Pun et
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al., 2006). Indeed, in SOD1%%** transgenic mice, the 10% increase in the survival time of
SOD1 mice provided by TRO19622 seemed mostly to be explained by the delay in onset of
motor dysfunction and weight loss. Importantly, even daily administration for more than 2

months was very well tolerated, without any toxicity or adverse side effects.

TR0O19622 mechanism of action and target

The chemical structure of TRO19622 led us to explore potential targets for steroids and
neurosteroids. We first demonstrated that TRO19622 does not interact functionally with
classical nuclear steroid receptor. However, binding sites for TRO19622 were identified on
two proteins of the outer mitochondrial membrane, TSPO (previously named PBR) and
VDAC.

TSPO isamitochondrial cholesterol, porphyrin and protein transporter. Other TSPO ligands
have been reported to have beneficial effects on motor nerve regeneration (Ferzaz et al.,
2002), possibly by inducing increased synthesis of neurosteroids. TRO19622 interacts with
the cholesterol binding site on TSPO with aK; of 100 nM. However, given that the K for
cholesteral itself isbelow 10 nM (Lacapere et a., 2001; Jamin et al., 2005) and that the
plasma concentration of cholesterol is ~1000-fold higher than that required for efficacy of
TRO19622, it isunlikely that TRO19622 binding to this site has any impact on cholesterol
metabolism or steroidogenesis. However, it is conceivable that this site may permit uptake of
TRO19622 into mitochondria, and its concentration in steroidogenic tissues. Indeed, while
preclinical safety and toxicology studies showed no effect on steroid-sensitive organs or
steroid hormone levels, a mass balance study of **C-TRO19622 in rats showed the highest

accumulation in adrenal cortex (unpublished data).

Investigation of other non-conventional steroid binding sites led usto explore an interaction
between TRO19622 and VDAC, a specific target for certain neuroactive steroids (Darbandi-

Tonkabon et al., 2003). We could demonstrate direct interactions between TRO19622 and
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VDAC in rat brain membranes. These membranes contain both VDACL1 and VDAC2
(Darbandi-Tonkabon et al., 2004) and it is probable that TRO19622 interacts with both
proteins, though thisis still under investigation. Interestingly, TRO19622 binding to VDAC
appears to be more potent than that of the natural neurosteroid 30.,53-TH PROG. The
specificity and potential biological significance of this steroid binding site on VDAC is
emphasized by the exquisite stereoselectivity of this site for 53- over 5a-reduced steroids.
This binding site appears to be able to accommodate the unsaturated A-ring of TRO19622.
Interestingly, during the course of these studies it was observed that TRO19622 interactions
with VDAC were increased in the presence of GABA (data not shown). While the mechanism
by which GABA enhances TRO19622 binding remains to be explored, it isinteresting that
VDACL is known to associate with GABA 4 receptors (Bureau et al., 1992). Since GABAAa
receptors are mainly concentrated at synapses, TRO19622 may preferentially target

mitochondria at synapses.

VDAC, also called porin, isthe mgor transport protein in the outer membrane of the
mitochondria (recently reviewed by (Shoshan-Barmatz et al., 2006). In close association with
proteins at the inner membrane such as the adenine nucleotide transporter (ANT1) and
cyclophilin D, VDAC is thought to contribute to the mitochondrial permeability transition
pore complex (mPTP), which transports anions, cations, ATP, calcium and metabolites
between mitochondria and cytosol, and has been proposed to enable the release of
apoptogenic proteins by mitochondria during cell death. However, study of knockout mice
recently demonstrated that VDAC is dispensable both for pore activity and cell death (Baines
et a., 2007). We speculate that the neuroprotective effects of TRO19622 might, at least in
part, be due to its binding to VDAC. Here we showed that TRO19622 reduces cytochrome ¢
release in CGCs when cultured in low potassium. Thisis consistent with direct inhibition of

mPTP opening, but could also be explained by indirect effects on mitochondrial function.
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Mitochondria asatargetin ALS

It is striking that a compound identified through its neuroprotective action should show
specific binding to two mitochondrial proteins. Although it may also act through other
mechanisms, this site of action of TRO19622 is relevant since mitochondrial dysfunction has
been largely implicated in the pathophysiology of ALS (reviewed by (Manfredi and Xu,
2005). Abnormal mitochondrial morphology, including swelling and vacuolization, have been
described both in skeletal muscles and in the anterior horn of ALS patients (Afifi et al., 1966;
Sasaki and Iwata, 1996; Echaniz-Lagunaet al., 2006) and in mutant SOD1°%** mice prior to
symptom onset. .Moreover, mutant forms of SOD1, anormally cytoplasmic enzyme, show
increased association with (or even incorporation into) the mitochondrial membrane in
affected, but not unaffected, tissues (Liu et al., 2004; Bergemalm et al., 2006; Deng et al.,
2006). Mitochondria play a pivotal role in cell death, and are also important regulators of
intracellular calcium homeostasis and ATP production. Recently Gould et al. (2006) found
that mutant SOD1 accumulated in nerve terminals and was associated with mitochondrial
vacuolization as early as 25 days of age, corresponding to the onset of neuromuscular
denervation but before motor neuron cell death in SOD1%*** mice. Crossing SOD1%%* mice
with Bax knockout mice increased lifespan by about 15 %, correlated with adelay in
mitochondrial vacuolization and neuromuscular denervation, but dissociated from motor
neuron cell death. Bax deletion may therefore delay death of SOD1°®* mice not through
prevention of motor neuron cell death but by maintaining denervation-induced sprouting
either through delay of mitochondrial dysfunction and/or maintenance of axoplasmic
trafficking (Gould et a., 2006). Although this would be an attractive explanation for the delay

in onset provided by TRO19622, our data do not provide definitive proof for such a model.
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In conclusion, TRO19622, identified for its survival-promoting properties for motor neurons
in culture has been shown to have both neuroprotective and neuroregenerative propertiesin a
number of in vivo models of neurodegeneration. Based on these preclinical indicators of
efficacy we believe that TRO19622 has therapeutic potential for ALS and other motor neuron
diseases such as SMA. TRO19622 may also have potential in other neurodegenerative
diseases or indications where trophic factor deprivation and/or mitochondrial dysfunction

have been implicated.
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LEGENDS FOR FIGURES

Figure 1. Chemical structure of TRO19622.

TRO19622 exists as a stable mixture of syn and anti isomers of cholest-4-en-3-one, oxime.

Figure 2. TRO19622 protects motor neurons from cell death induced by trophic factor
deprivation.

(A) Rat embryonic motor neurons were cultured in absence of trophic factors and with
increasing concentration of TRO19622 (in 0.1% DM SO) in 96-well plates (n =8
wells/concentration). Motor neuron survival was measured after 3 daysin vitro (DIV) by
direct counting of live cells labeled with afluorescent vital dye, calcein-AM. Survival is
expressed as aratio of surviving cell in each well relative to positive controls treated with a
cocktail of neurotrophic factors (defined as 1.0) and negative controls that received DM SO
alone (defined as 0.0). Investigation of doses above 10 uM was limited due to poor solubility
of TRO19622 in culture medium. Representative micrographs of surviving motor neurons are

shown in presence of (B) TRO19622 at 5 uM, (C) neurotrophic factors and (D) 0.1% DM SO.

Figure 3. Neuroprotective effect of TRO19622 on motor neuron survival after neonatal
axotomy.

Motor neurons were counted in the facial nucleus of 9-day-old rats after right facial nerve
transection on postnatal day 2 followed by 5 days of treatment with vehicle or TRO19622 (10,
30 and 100 mg/kg po; n = 17-20). Motor neuron survival in the right facial nucleus (lesioned
side) is expressed as a percentage of the number of cells counted in the left nucleus (non-
lesioned side). Significantly more motor neurons survived after treatment with TRO19622 at

the highest dose. * P < 0.05, Dunnett’s multiple comparison test.
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Figure 4. Effects of TRO19622 on sciatic nerve regener ation.

After unilateral lesion of the sciatic nerve, adults mice were treated with vehicle or
TRO19622 (0.3, 3 and 30 mg/kg sc; n = 15) once a day for 6 weeks. (A) CMAP amplitude
and (B) latency were measured every week in lesioned animals and in sham operated animals
(contral). (C-1) Morphometric analysis of the nerve was performed at week 4 and 6 post-
lesioning in the mid-lesion site. Representative histological micrographs of sciatic nerve
tissue of (C) control group, (D) vehicle-, and (E) TRO19622 (30mg/kg)-treated groups at
week 6 are shown. The density and size of the myelinated fibers after the sciatic nerve crush
remain lower than those in the normal mice. In mice treated with TRO19622, there were a
higher number of regenerated fibers and a more mature appearance than in vehicle-treated
mice as observed by the decrease number of poorly myelinated fibers (white arrow). Number
of degenerated fibers as indicated by arrow head was also decreased after TRO19622
treatment. Bar, 15 um. (F) Absolute numbers of degenerated fibers per nerve section are
shown at week 4 and week 6 (mean + sem, n = 5 animals). (G) Axonal surface area of non-
degenerated myelinated axons was measured 4-weeks postlesion as a function of treatment.
Boxes comprise the median and the 25 and 75 percentiles, and horizontal lines denote the
highest and lowest values. (H) Nerve crush led to an increase in g-ratio (axonal diameter/fiber
diameter) of non-degenerated fibers reflecting relative reduction in myelination. Thiswas
partially corrected by all doses of TRO19622. (1) Fibers having a g-ratio > 0.8 were
considered as poorly myelinated fibers (low) while fibers having g-ratio < 0.6 were
considered as highly myelinated fibers (high). Treatment with TRO19622 was strongly
protective against the crush-induced increase in numbers of poorly myelinated fibers. Means
*sem,n=5animals. * P <0.05, ** P < 0.01, significantly different as compared to

crush/vehicle group, Dunnett's Multiple Comparison Test.
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Figure5. Beneficial effects of TRO19622 treatment on disease onset and survival of
SOD1%%* mice.
Effects of TRO19622 treatment on (A) body weight during disease progression, (B) motor

1%%*A mice. There was no

performance measured in the grid test and (C) lifespan of SOD
negative impact of TRO19622 on weight gain and even a possible beneficia effect on body
weight at the lower dose (n = 11 mice/group). Both doses of TR0O19622 (3 and 30 mg/kg/day)
delayed the onset of the clinical disease as measured by loss in motor function (n= 11
mice/group) and significantly prolonged survival by about 10 % (n = 7 mice in TRO19622-
treated groups and n = 9 mice in the vehicle-treated group). * P < 0.05, Two-way ANOVA

test compared to vehicle-treated animals.

Figure 6. TRO19622 binding to recombinant TSPO .

Interaction of TRO19622 with recombinant TSPO reconstituted in liposomes was performed
as described in Material and Methods using (A) [°H]PK 11195 or (B) [*H]cholesterol.
Displacement of specific TSPO radioligands binding by increasing concentration of cold
TRO19622 (triangles), PK11195 (circles) or cholesterol (squares) is shown. Data fitting for
PK 11195 and cholesterol gives IC50 values of 2 nM for both compounds. Results are

representative of 4 to 5 independent experiments performed in triplicate (mean + s.em.).

Figure7. TRO19622 binding to VDAC.

Rat brain membranes were incubated with 1 uM [*H]6-AziP in the presence of 1 and 3 pM
TRO19622, 30 uM 3a53-TH PROG or 30 uM 3o50-TH PROG and photolabeling was
performed by UV irradiation for 1 min. Proteins were separated by SDS-PAGE and

radioactivity in slicing was determined by scintillation counting. Representative experiments
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are shownin (A) and (B). (C) Specific labeling of VDAC proteins (35 kDa) was measured
and the area under of the curve was expressed as % control labeling. Mean + s.em., n=2-3
individual experiments, ** P < 0.01, significantly different as compared to control, Dunnett's

Multiple Comparison Test.
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Table 1. Neurite outgrowth quantification after TRO19622 treatment

The effects of low doses of TRO19622 were compared with those of optimal concentrations
of neurotrophic factors. Images obtained using the Flash Cytometer were analyzed
automatically using the MetaMorph® Neurite Outgrowth Application Module. Values are

means + SD (n = 6-8 wells).

Treatment Number Neurite Processes/ cell Branches/cell
surviving outgrowth/cell
cells/well
DM SO 137+ 12 185+24 1.17+0.09 0.33+0.07
Neurotrophic 428 + 59* 39.4 + 3.6* 218+ 0.12* 1.20+0.13*
factors
TRO19622 1 uM 190 + 10* 285+ 45* 148 +0.11* 0.66 = 0.25*

2 arbitrary unit (MetaMorph™ neurite outgrowth application module)

* Significantly different (p < 0.05) from control DM SO values using the Student’s t test.
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Table 2. TRO19622 brain and plasma levels after chronic subcutaneous administration.

Weeks of Dose, SC Plasmalevels Brain levels Ratio
treatment mg/ml pg/mi? ug/g brain/plasma
1 0.3 0.06 = 0.006 BLQ -
3 0.55+0.07 0.19+0.02 0.35
30 5.35+1.19 1.23+£0.30 0.23
6 0.3 0.06 = 0.008 BLQ -
3 047+0.01 0.24+0.04 0.51
30 585+ 1.06 2.66+0.84 0.45

41 pg/ml TRO19622 correspondsto 2.5 uM; BLQ, below the limit of quantification
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Table 3. TRO19622 binding to nuclear steroid receptors
Inhibition of binding of specific ligands to nuclear steroid receptors by TRO19622 are

expressed as a percentage of the control values (means of duplicate values).

Target Ligand, [TRO19622] % of inhibition of control
concentration UM specific binding
Glucocorticoid (h) (GR)  [*H]triamcinolone, 50 17
1.5nM

Estrogen (h) (ER) [*H]estradiol, 50 28
1nM

Progesterone (h) (PR) [*H]R 5020, 2nM 0.3 14

3 4

30 19

50 56

Androgen (AR) [*H]mibolerone, 50 -8
1nM

Vitamine D3 (h) [*H]10.,25- 0.3 5

(OH)D3, 0.3nM 3 7

30 6

50 43

Thyroid Hormone [*H]T3, 0.1nM 50 -7
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Table 4. TRO19622 did not functionally interact with steroid nuclear receptorsin gene

reporter assays

Gene reporter cell lines (MSC80 for glucocorticoid and progesterone receptor activation;

C1F1 for pregnane X receptor induction) were exposed to the compounds for 48 h and

reporter activities were assessed ®. Values are expressed as means of the fold increasein

activity above that in DM SO-treated cells + SD (n = 3).

Steroid nuclear receptor Compound Fold induction

relative to DMSO

GR TRO19622 3 uM 1.05+0.05
TRO19622 10 uM 1.36+£0.08

PRA TRO19622 3 uM 0.86 £ 0.03
TRO19622 10 M 0.87 £ 0.05
Progesterone 10 nM 2.36 £ 0.42*
Progesterone 10 nM + TRO19622 10 uM  2.09 £ 0.24*

PRB TRO19622 3 uM 111 +0.04
TRO19622 10 uM 0.97+0.12
progesterone 10 nM 2.23+£0.19*
progesterone 10 nM + TRO19622 10 uM  1.92 £ 0.23*

PXR TRO19622 3 uM 0.65 = 0.09*
TRO19622 10 uM 0.96+0.12
rifampicin 10 pM 3.50+0.32*
rifampicin 10 yM + TRO19622 3 uM 2.90 + 0.36*

* Significantly different (p < 0.05) than basal values in the control DM SO samples using

ANOVA with a Dunnett’s post-test.

¥20z ‘0T [1dy uo sfeulnor 134SY e Blo'seuuno fiadse ed| wouy papeojumoq


http://jpet.aspetjournals.org/

JPET Fast Forward. Published on May 11, 2007 as DOI: 10.1124/jpet.107.123000
This article has not been copyedited and formatted. The final version may differ from this version.

JPET#123000

Table 5. TRO19622 prevents cytochrome c release from mitochondriain CGCs
Mitochondrial cytochrome c levels are expressed as a percentage of total cytochrome c. Three

experiments gave similar results: a representative example is shown.

Treatment Cytochrome c (ng) % of mitochondrial
Mitochondria Cytosol Total Cytc

Mock 17.2 338 51 33.7*

Low K™ apoptosis 10.8 44 54.8 19.7

Low K™ + TRO19622 15.6 37.2 52.8 29.6*

3 uM

Low K* + CsA 10 uM 16.6 37.3 53.9 30.8*

* Significantly different (p < 0.05) from percentage values in the control low potassium-

induced apoptosis samples using the Student’s t test.
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