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Determination( and( reduction( of( translocator( protein( (TSPO)(
ligand(rs6971(discrimination(
Renee( Sokias,*a( Eryn( L.(Werry,*b,c( Sook(W.( Chua*d,( Tristan( A.( Reekiea,( Lenka(Munoze,( Erik( C.N.(
Wong,c(Lars(M.(Ittnerd(and(Michael(Kassiou#a(

The( 18kDa( translocator( protein( (TSPO)( is( a( target( for( development( of( diagnostic( imaging( agents( for( glioblastoma( and(
neuroinflammation.( (Clinical( translation(of(TSPO( imaging(agents(has(been(hindered(by(the(presence(of(a(polymorphism,(
rs6971,(which(causes(a(nonBconservative(substitution(of(alanine( for( threonine(at(amino(acid( residue(147( (TSPO(A147T).(
Disclosed(brainBpermeant(secondBgeneration(TSPO( ligands(bind(TSPO(A147T(with(reduced(affinity(compared(to( the(wild(
type(protein((TSPO(WT).((Efforts(to(develop(a(TSPO(ligand(that(binds(TSPO(WT(and(TSPO(A147T(with(similarly(high(affinity(
have(been(hampered(by(a(lack(of(knowledge(about(how(ligand(structure(differentially(influences(interaction(with(the(two(
forms( of( TSPO.( ( To( gain( insight,(we( have( established( human( embryonic( kidney( cell( lines( stably( overBexpressing( human(
TSPO(WT(and(TSPO(A147T,( and( tested(how(modifications(of( a(novel(NBalkylated( carbazole( scaffold( influence(affinity( to(
both(TSPO(isoforms.(Most(of(the(new(analogues(developed(in(this(study(showed(high(affinity(to(TSPO(WT(and(a(5B6Bfold(
lower( affinity( to( TSPO(A147T.(Addition(of( electronBwithdrawing( substituents( yielded( analogues(with( highest( affinity( for(
TSPO(A147T(without(decreasing(affinity(for(TSPO(WT.((This(knowledge(can(be(used(to(inform(further(development(of(nonB
discriminating(TSPO(ligands(for(use(as(diagnostic(markers(for(glioblastoma(and(neuroinflammation(irrespective(of(rs6971.(((

Introduction(
The( translocator( protein( (TSPO)( is( an( 18( kDa( outer(mitochondrial(
membrane(protein(1.( ( (Endogenous( ligands( include(protoporphyrin(
IX(and(cholesterol(1,(and(early(in!vitro(work(demonstrated(a(role(for(
TSPO( in( heme( synthesis,( cholesterol( translocation( and(
steroidogenesis(2,(3.((More(recent(in!vivo(knockout(studies,(however,(
have( failed( to( find( robust( changes( in( heme( metabolism,(
mitochondrial(cholesterol(transport(and(serum(pregnenolone(levels(
4,( 5.( ( More( concordant( evidence( links( the( TSPO( to( a( role( in(
proliferation( and( apoptosis,( particularly( in( cancer( cells.((
Upregulation(of(TSPO(in(C6(glioma(cells(enhances(cell(proliferation(
while(cell(lines(with(decreased(TSPO(levels(show(lower(proliferation(
6.( ( Intriguingly,( numerous( chemotherapeutic( agents( that( induce(
glioblastoma( apoptosis( require( intact( TSPO( to( exert( their( effects,(
and(direct(ligation(of(the(TSPO(both( in!vitro(and( in!vivo(can(induce(
apoptosis(and(antiBproliferative(effects(in(cancer(cells(6.(((

Clinical( interest( in(TSPO( ligands( stems(partly( from(the(observation(
that( TSPO( is( expressed( at( low( levels( in( the( healthy( brain,( but(
appears( at( up( to( 15Btimes( higher( levels( on( glioblastoma( cells( 7B9.(
Levels(of(TSPO(in(glioblastoma(tumours(correlate(with(severity(and(
clinical(outcome(7B9.(Furthermore,(TSPO(is(upregulated(on(activated(
glia(during(neuroinflammation(10B13.( ( In(addition(to(preBclinical(data(
11,( 14B17,( a( number( of( small( clinical( trials( have( demonstrated( the(
utility( of( TSPO( imaging( in( brain( tumours( and( neuroinflammatory(
disorders.( ( For( example,( a( 2Bfold( higher( level( of( radioactivity( was(
found( in( glioma( tissue( compared( to( nonBmalignant( brain( tissue( in(
patients( injected( with( a( radiolabelled( TSPO( ligand( 18( and(
quantification(of(the(radiolabelled(TSPO(ligand((123)IBCLINDE(using(
SPECT( proved( useful( for( predicting( glioblastoma( progression( 19.((
Increased(TSPO(ligand(PET(signal(was(found(in(the(brains(of(patients(
with( neuroinflammatory( disorders( such( as( HIV,( presymptomatic(
Huntington’s( disease,( temporal( lobe( epilepsy,( mild( cognitive(
impairment(and(Alzheimer’s(disease(17,(20B22.((Furthermore,(injection(
of(the(immunogen(lipopolysaccharide(into(healthy(humans(resulted(
in( a( 30B60%( increase( in( brain( signal( of( the( TSPO( ligand(
[(11)C]PBR28,( concurrent( with( increased( blood( levels( of(
inflammatory( cytokines( 23.( ( These( suggest( the( TSPO( shows( good(
clinical( promise( as( an( imaging( marker( for( glioblastoma( and(
neuroinflammation.(

The( clinical( translation(of( TSPO( imaging(agents(has(been(hindered(
by(variation( in( the(affinity(of(TSPO( ligands(across(human(subjects.((
Almost( every( known( brainBpermeable( secondBgeneration( TSPO(
ligand(binds(TSPO(with(high(affinity( in(some(healthy(subjects((high(
affinity( binders;( HABs)( but( low( affinity( in( other( healthy( subjects(
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(low(affinity(binders;(LABs).( (For(example(the(affinities(of(DPAB713,(
XBDB173( and( PBRB28( show( a( 4B,( 13B( and( 55–fold( reduction,(
respectively,(in(brain(tissue(or(lymphocytes(from(LABs(compared(to(
HABs( 24,( 25.( ( This( reduction( in( affinity( is( attributed( to( the( single(
nucleotide(polymorphism,(rs6971,(present(in(30%(of(the(Caucasian(
population( and( at( lower( levels( in( African( American,( Han( Chinese(
and( Japanese( subjects( 26.( ( The( rs6971( polymorphism( results( in( a(
nonBconservative( substitution( of( alanine( for( threonine( at( amino(
acid( residue( 147( (TSPO( A147T)( which( falls( in( the( fifth(
transmembrane( domain,( within( a( potential( ligand( binding( site( 27.(
The(crystal(structure(of(the(bacterial(homolog(of(TSPO(A147T((34(%(
homology)( suggests( this( mutation( moves( the( second( and( fifth(
transmembrane(domains(closer(together(than(in(the(wild(type(TSPO(
(TSPO( WT)( 27.( This( has( a( clinical( impact,( as( administration( of(
radiolabelled(versions(of(DPAB713(and(PBRB28( to( rs6971(homoB(or(
heterozygotes(produces(a( lower(brain(PET(signal( than( in(wild( type(
homozygotes( 25.( ( This( necessitates( subjects( to( be( genotyped( for(
their(rs6971(status(and(that(neuroimaging(results(be(interpreted(in(
light(of(their(genotype(26. 

A(more( ideal(situation(would( involve(development(of(a( ligand(that(
could(bind(with(equally(high(affinity( to(both(TSPO(WT(and(A147T.(
While( the( affinity( of( the( firstBgeneration( TSPO( ligand( PK( 11195( is(
not(affected(by(the(presence(of(the(polymorphism(25,(PK(11195(has(
highly( variable( kinetics( and( poor( in! vivo( bioavailability( 28,( 29.((
Development( of( nonBdiscriminating( ligands( based( on( high( affinity(
brainBpermeable( second( generation( TSPO( ligands( has( been(
hindered( by( a( paucity( of( knowledge( about( how( ligand( structure(
influences(discrimination(between(the(TSPO(WT(and(A147T.(To(this(
end,(we(have(established(human(embryonic(kidney((293T)(cell(lines(
overBexpressing( human( TSPO( WT( and( A147T( to( allow( for( high(
throughput(assessment(of(TSPO(ligand(discrimination.( (Using(these(
isogenic( cell( lines,( we( explored( how( modifications( of( a( novel( NB
alkylated( carbazole( scaffold( influence( affinity( at( both( TSPO( forms,(
generating( new( insight( into( the( different( binding( requirements( of(
TSPO( WT( and( A147T.( ( The( carbozole( scaffold( was( chosen( as( a(
simple( and( commercially( available( analogue( to( known( nitrogenB
containing(tricyclic(TSPO(ligands(such(as(SSRB180,575,(XBDB173(and(
DPAB713.( The( carbazole( building( block( could( be( readily( NB
substituted( with( acetamides( and( functionalised( through( crossB
coupling( to( explore( the( requirements( for( TSPO( WT( and( A147T(
selectivity.(

Results(and(Discussion(

Synthesis(of(compounds((

The(carbazole(acetamide(derivatives(were(synthesised(according(to(
the(synthetic(scheme(shown(in(Figure(1.(Briefly,(the(synthetic(route(
follows( a( threeBstep( pathway.( Regioselective( bromination( of( the(
commercially( available( 9H/carbazole( (1)( with(NBbromosuccinimide(
provided(the(9HBcarbazole(2.(Subsequent(NHB(deprotonation(of(1(or(
2(with( sodium( hydride,( followed( by( the( addition( of( the( alkylating(

agents(gave(the(required(carbazole(acetamide(derivatives,(3aNb(and(
4aN4b.( A( palladiumBcatalysed( SuzukiBMiyaura( crossBcoupling(
reaction( with( the( required( boronic( acid( derivative( gave( the(
corresponding(freely(rotating(phenyl(group(5aN5c.(

(
Figure( 1.( Synthesis( of( carbazole( acetamide( derivatives.( Conditions(
and(reagents:((i)(NBS,(DMF,(dark,(0(°C(–(RT,(8(h;((ii)(corresponding(
alkylating( agent,( NaH,( THF,( 0( °C( –( RT,( 1( h;( (iii)( boronic( acid(
derivative,([Pd(PPh3)4],(Cs2CO3,(toluene,(95(°C,(argon,(24(h.(

Validation(of(cell(lines(
(
In(order(to(study(differential(binding(of(compounds(to(TSPO(WT(and(
A147T,(we(established(novel(cell(lines,(each(stably(expressing(one(of(
the(TSPO(variants( (Figure(2).( (Cell( lines(were(derived(from(clonally(
selected( 293T( cells( that( have( been( transduced( with( lenti( viruses,(
which( either( encode( human( TSPO( WT( or( A147T( for( stable(
integration(into(their(genome.(Western(blotting(of(protein(extracts(
showed( comparable( expression( levels( of( human( TSPO( WT( and(
A147T( in( the( respective( cell( lines,( but( interestingly,( lower( total(
levels( of( TSPO( compared( to( endogenous( TSPO( in( nonBtransfected(
controls( (Figure( 2A).( Furthermore,( confocal( microscopy(
demonstrated( that( both( human( TSPO( WT( and( A147T( localized(
virtually( exclusively( to( mitochondria,( without( changes( to(
mitochondrial(patterns((Figure(2B).(Hence,(we(have(established(two(
new(cell( lines(expressing(human(TSPO(WT(and(A147T,( suitable( for(
pharmacological(assessment(of(compounds.(

As( this( is( the( first( description( of( cell( lines( engineered( to( overB
express( the(TSPO(WT(or(A147T,(we(examined( the(affinity(of(TSPO(
ligands( PK( 11195,( DPAB713( and( XBDB173,( which( have( been( well(
characterised( in( human( tissue( from( low( and( high( affinity( TSPO(
binders.( ( In( saturation( radioligand( binding( experiments( using( cell(
membranes( from(293T( cells( overBexpressing( TSPO(WT(and(A147T,(
Kd( values( of( 13.7( ±( 5.9( nM(and( 13.4( ±( 2.2( nM,( respectively,(were(
determined(for( [3H]BPK(11195.( (Equal(affinity(of(PK(11195(towards(
TSPO(WT(and(A147T(was( recapitulated( in( competition( radioligand(
binding( assays( (Table( 1),( mirroring( the( lack( of( sensitivity( of( PK(
11195(to(the(mutated(TSPO(in(human(brain(tissue(30.((Although(the(
affinity(of(PK(11195(to(human(TSPO(seen(in(this(study(is(lower(than(
that(commonly(reported(at(the(rat(TSPO((0.7(–(18(nM)(31,( it(aligns(
almost(exactly(with(that(reported(in(human(brain(tissue((28.5(B(30.6(
nM)(30,(adding(to(reports(of(species(differences(in(binding(of(other(
scaffolds(to(the(TSPO(32,(33.((
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These( novel( cell( lines( also( recapitulate( the( dropBoff( in( affinity( of(
DPAB713( and( XBDB173( at( human( brain( tissue( from( LAB( binders(
versus(HAB( (Table( 1)( 24,( 25.(DPAB713(produced( a( 5Bfold( drop(off( in(
affinity( at( TSPO(A147T( compared( to( TSPO(WT,(which( is( similar( to(
the(4.4Bfold(loss(in(affinity(in(human(

Figure(2.(TSPO(WT(or(A147TBexpressing(cells.( (A)(Western(blotting(
and(quantification( (3( independent(blots)(of( stably(expressing(293T(
cells( and( (B)( confocal( microscopy( together( with( staining( for( V5B
tagged( TSPO( WT( or( A147T( and( the( mitochondrial( marker( porin.(
Merges( confirm( mitochondrial( localization( of( expressed( TSPO(
variants.(Scale(bar,(10(µm.(
(
brain(tissue(from(LAB’s(compared(to(HAB’s(25.(XBDB173(showed(a(5B
fold( loss( in( affinity( at( TSPO(A147T,( and(while( this( is( less( than( the(
12.6Bfold(loss(in(affinity(at(LAB(brain(tissue(compared(to(HAB(brain(
tissue,(the(affinity(of(XBDB173(at(LABs((30.3(nM)(is(almost(identical(
to( the( affinity( at( TSPO( A17T( in( this( study( (31.3( nM).( ( ( The(
demonstration( that( the( pharmacodynamic( characteristics( of( both(
TSPO(A147TBdiscriminating(and(nonBdiscriminating(ligands(reported(
on( endogenous( human( cells( are(mirrored( in( these( novel( cell( lines(
verifies( their( validity( for( use( as( a( high( throughput( model( for(
assessment(of(polymorphism(discrimination(by(TSPO(ligands.((
(
Assessment(of(affinity(
We( characterised( the( affinity( of( a( new( TPSO( ligand( chemotype(
based( on( an( NBalkylated( carbazole( scaffold( in( 293T( cells( overB
expressing(TSPO(WT(and(A147T((Table(1).((3a(bound(TSPO(WT(with(
an( affinity( comparable( to( that(of( PK(11195.(As(has(been( reported(
for(most(known(second(generation(TSPO(ligands,(24,(25(3a(showed(a(
6x(loss(of(affinity(at(TSPO(A147T,(similar(to(the(drop(off(seen(in(this(
study(with(DPAB713(and(XBDB173.( (Changing(the(N,NBdiethylamide(
portion( of( the( scaffold( to( N,NBbenzylethylamide( (3b)( reduced(

affinity( at( both( TSPO( WT( and( A147T,( although( the( reduction( in(
TSPO(A147T(affinity((2.6x)(was(marginally(less(than((at(TSPO(WT((3x)(
resulting(in(a(slightly(reduced(level(of(discrimination(between(TSPO(
WT(and(A147T((5Bfold(discrimination)(when(compared(to(3a.(((

(
Table( 1.( TSPO( binding( affinities( (Ki)( of( carbazole( derivatives( using(
membranes( from(TSPO(WT(and(A147T(overBexpressing(293T( cells.(
Values(represent(the(mean(±(SEM(from(at(least(three(independent(
experiments(performed(in(duplicate.((

(
(
(
Incorporating(a(bromine(atom(at(the(3(carbon(to(produce(4a(led(to(
a( slight( increase( in( affinity( for( TSPO( A147T( without( impacting(
affinity( at( TSPO( WT,( resulting( in( a( small( improvement( in(
discrimination((5Bfold(discrimination)(compared(to(3a.(Changing(the(
N,NBdiethylamide( portion( of( the( brominated( scaffold( 4a( to( N,NB
benzylethylamide((4b)(again(resulted(in(loss(of(affinity(at(TSPO(WT(
(4b(has(1.6x(lower(affinity(than(4a),(although(the(loss(of(affinity(was(
not( as( severe( as( seen( with( the( nonBbrominated( carbazole(
derivatives( (3b( has( 3x( lower( affinity( than( 3a).( ( In( contrast( to( the(
effect( seen( in( the(nonBbrominated( carbazoles( (3a(vs(3b),( the(N,NB
benzylethylamide( substitution( in( the( brominated( carbazole( (4b)(
improved(affinity(1.3x(at(TSPO(A147T.((As(a(result,(compared(to(3a,(
4b( showed( a( reduction( in( discrimination( between( TSPO( WT( and(
A147T( (2.3Bfold( discrimination).( ( Together,( the( loss( in( affinity( for(
TSPO( WT( when( the( N,NBdiethylamide( portion( of( the( scaffold( is(
replaced( with( N,NBbenzylethylamide( suggests( that( bulk( or(
hydrophobicity( in( this( portion( of( the( scaffold( may( interfere( with(
interactions(with(key(amino(acids( in( the(TSPO(WT(binding(pocket.(
The( observation( that( bromination( of( the( N,NBbenzylethylamide(
scaffold( reverses( the( loss( in( affinity( at( TSPO( A147T( suggests( that(
even( though( the( extra( bulk( or( hydrophobicity( may( impart( steric(
hindrance,(extra(substitution(of(the(carbazole(through(bromination,(
may(allow(the(molecule(to(reach(the(key(amino(acids(in(the(binding(
pocket.(
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The( impact( of( substitution( at( the( 3( carbon( of( the( 3a( N,NB
diethylamide( carbazole( was( further( explored( by( introduction( of( a(
freely(rotating(phenyl(in(the(absence((5a)(or(presence(of(a(methoxy(
group( at( the( 2’( (5b)( or( 4’( (5c)( position( on( the( phenyl( ring.( These(
derivatives(retained(the(high(affinity(for(TSPO(WT(seen(with(3a,(but(
showed( increased( affinity( for( TSPO( A147T.( This( was( particularly(
pronounced( for( 5c,( with( a( 2x( higher( affinity( for( TSPO( A147T(
compared( to( 3a( resulting( in( an( improved( reduction( of(
discrimination( (3.2Bfold( discrimination).( The( fifth( transmembrane(
segment(of(a(bacterial(homolog(of(TSPO(A147T(is(more(angled(than(
that( of( the( wild( type( homolog( 27.( ( This( fifth( transmembrane(
segment( contains( key( binding( amino( acids,( and( it( could( be(
predicted( that( the( angling( of( this( segment(makes( the( key( binding(
amino( acids( more( difficult( to( access.( Addition( of( substituents( at(
carbon(3(of(the(carbazole(may(allow(the(molecule(to(transduce(the(
required( distance( to( access( these( amino( acids.( ( In( addition,( the(
substitution(of(alanine(for(threonine(seen(at(amino(acid(residue(147(
of(TSPO(A147T(occurs(at(a(key(binding(amino(acid(27,(34.((Alanine(is(a(
hydrophobic( amino( acid,( while( threonine( is( a( polar( amino( acid,(
indicating( that( a( ligand( with( polar( substituents( compared( to(
hydrophobic( substituents( will( interact( more( ideally( at( this( amino(
acid( in( TSPO( A147T,( perhaps( explaining( the( benefit( imparted( to(
carbazole( affinity( by( methoxy( substitutions.( ( Given( these(
substitutions(at(carbon(3(of( the(carbazole(were( tolerated(by(TSPO(
WT,( and( improved( affinity( for( TSPOA147T,( further( exploration( of(
substitutions( to( carbon(3(of(NBdiethylamide( carbazoles(may( aid( in(
the(development(of(high(affinity(nonBdiscriminating(TSPO(ligands.((((

Functional(characterisation(

ProBapoptotic( and( antiBproliferative( actions( are( two( of( the( best(
characterised( functions( of( TSPO( ligands( 6.( To( explore( if( TSPO(WT(
and(TSPO(A147T(affinity(discrimination(was( reflected( in( functional(
outcomes,(we(examined(the(effect(of( these(novel(TSPO( ligands(on(
the( viability( and( proliferation( of( 293T( cells( overBexpressing( TSPO(
WT(and(TSPO(A147T.(Due(to(limited(solubility(of(3a,(3b,(4b,(4c(and(
5a( in( aqueous( cell( culture(media,( only( the( functional( effect( of(3b(
and( 5a( could( be( assessed.( 5a( reduced( viability( and( proliferation(
with(greater(potency(than(PK(11195(and(XBDB173((Figure(3;(Tables(
3( and( 4).( ( DPAB713( and( 3b( impaired( viability( at( 100(µM,( but( the(
effect( was( weak( (IC50( >( 100( µM)( and( these( compounds( did( not(
significantly(affect(proliferation,(even(at(100(µM.(((((((

Interestingly,(binding(sensitivity(to(TSPO(A147T(was(not(reflected(in(
functional(assays((Figure(2;(Tables(3(and(4).(XBDB173(and(5a(showed(
equal( viabilityBreducing( and( antiBproliferative( potency( at( both( cell(
lines( despite( their( 5B( to( 6Bfold( drop( in( affinity( to( TSPO( A147T.(
Further,( the( potencies( of( these( compounds( are( several( orders( of(
magnitude( less( than( their( TSPO(affinities.( ( This( could( suggest( that(
the(functional(effects(of(these(ligands(on(viability(and(proliferation(
are( not( mediated( by( TSPO.( ( However,( the( antiBproliferative( and(
viabilityBreducing( effects( of( PK( 11195( can( be( mitigated( by( TSPO(
silencing35,( despite( the( fact( that( its( potency( for( these( functions( is(
several( orders( of( magnitude( lower( than( its( affinity( for( TSPO35B37.(
Also,(a(4Bphenyl(quinazolineB2Bcarboxamide(with(high(affinity(for((

(

Figure(3.(The(effect(of(carbazole(derivatives(on((A)(viability(and((B)(
proliferation( of( TSPO( WT( and( A147T( overBexpressing( 293T( cells.((
Both( cell( lines( were( treated( with( drugs( (100( µM)( for( 48( h.( ( Cell(
viability(was( determined(with( CellTiter( Blue( and( proliferation(was(
assessed(with( a( BrdU( ELISA.( Values( represent(mean( ±( SEM( (n( ≥3,(
oneBway( ANOVA( followed( by( Dunnett’s( multiple( comparison( test,(
***p<0.001(compared(to(vehicleBtreated(cells).((

(

(

the(TSPO((Ki(=(0.5(nM)(decreased(U343(glioblastoma(cell(viability(at(
micromolar( concentrations( without( offBtarget( activation( of( GB
proteins(or(inhibiting(thirteen(protein(kinases(linked(to(glioblastoma(
38.( These( observations( suggest( that( the( common( disjunction(
between( TSPO( affinity( and( potency( does( not( necessitate( nonB
specificity.( More( recently,( the( duration( of( time( in( which( a( TSPO(
ligand( interacts(with( the( TSPO,( as( indexed( by( residence( time,( has(
been(shown(to(be(a(more(informative(predictor(of(TSPO(potency(or(
efficacy( than( affinity.( A( longer( residence( time( correlates( with(
greater( functional( effects,( including( more( potent( viabilityB
impairment( 39,( 40.( ( Hence,( it(may( be( that(while( the( polymorphism(
affects( affinity,( this( sensitivity( may( not( be( reflected( in( functional(
assays( as( the( polymorphism(may( not( affect( residence( time( of( the(
ligands.(((
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Table(2.(IC50(values(for(the(inhibition(of(TSPO(WT(and(TSPO(A147T(
overBexpressing(293T(cell(viability

(

(

Table(3( IC50( values( for( the( inhibition(of(TSPO(WT(and(TSPO(A147T(
overBexpressing(293T(cell(proliferation.(

(

Conclusions(
We(have(established(isogenic(cell(lines(stably(overBexpressing(TSPO(
WT(and(TSPO(A147T,(and(used(this(model(to(explore(how(structural(
variants( of( a( novel(NBalkylated( carbazole( scaffold( affect( affinity( to(
TSPO(WT(and(TSPO(A147T.((Through(substitutions(at(the(carbazole(
and( the( N,NBdiethylamide( portion( of( the( molecule,( we( improved(
the(discrimination(of( the(scaffold( from(6Bfold( (3a)( to(2.3Bfold( (4b).((
TSPO(WT(was( not( as( sensitive( to( substitution( at( the( carbazole( as(
TSPO( A147T,( and( addition( of( electronBdonating( groups( to( the( 3B
position( of( the( carbazole( produced( the( biggest( improvement( in(
TSPO(A147T( affinity(without( imparting( loss( in( affinity( at( TSPO(WT(
(5c).((This(knowledge(can(be(used(to(inform(further(development(of(
TSPO( ligands(with(equally(high(affinity( at( TSPO(WT(and(A147T( for(
ultimate( use( as( diagnostic( markers( for( glioblastoma( and(
neuroinflammation.(((

Experimental(Section(
Synthesis(
General(Experimental((

All( of( the( solvents( and( reagents( were( purchased( and( used( from(
commercial( sources.(All( reactions(were(performed(under(nitrogen,(
unless( otherwise( stated.( Melting( points( using( an( Optimelt(
Automated( melting( point( apparatus( from( Stanford( Research(
Systems( were( measured( in( open( capillary( tubes( and( are(
uncorrected.( IR( spectra(were( recorded(neat(using(a(Bruker(ALPHA(

FTBIR(spectrometer(and(peaks(are(expressed(in(wavenumbers((cm(–
1).(1H(NMR(and(13C(NMR(spectra(were(recorded(on(Bruker(Advance(
DRX(300(Ascend(spectrometers(at(300(MHz(1H(NMR(frequency(and(
75(MHz(13C(NMR(frequency.(H(and(C(chemical(shifts(are(expressed(
as( parts( per( million( (ppm).( All( resonances( in( the( 1H( NMR( are(
reported( as( chemical( shift( (δ)( and( are( referenced( to( the( residual(
chloroform( (7.26( ppm);( multiplicities( are( reported( as( follows:( s(
(singlet),( d( (doublet),( t( (triplet),( q( (quartet)( and( m( (multiplet).(
Coupling(constants((J)(are(reported(in(Hz.(All(resonances( in(the(13C(
NMR( are( reported( as( chemical( shift( (δ)( and( are( referenced( to(
chloroform((77.16).(

Elemental( microanalysis( was( obtained( from( the( Department( of(
Chemistry( and( Bimolecular( Sciences( at( Macquarie( University,(
Australia.( LowB( and( highBresolution( mass( spectra( were( obtained(
through(electron(ionisation((ESI).(LowBresolution(mass(spectra(were(
performed( on( a( Finnigan( LCQ(mass( spectrometer.( HighBresolution(
mass( spectra( were( performed( on( a( Bruker( 7T( Apex( Qe( Fourier(
Transform( Ion( Cyclotron( resonance( mass( spectrometer( equipped(
with(an(Apollo(II(ESI/APCI/MALDI(Dual(source.((

Procedure(for(the(preparation(of(3NbromoN9HNcarbazole((2)(

NBBromosuccinimide( (23( g,( 0.13( mol,( 1.10( equiv.)( was( added( in(
parts(to(a�solution(of(the(9HBcarbazole((20(g,(0.12(mol,(1.00(equiv.)(
in( DMF( (60(mL)�at( 0( °C.( The( reaction(was( carried( out( under( dark(
conditions(at( room(temperature( for(8(hours.(The( reaction(mixture(
was(poured(into(ice(water(and(the(precipitate(was(filtered,(washed(
with(water(and(dried(under(vacuum.(Purification(by(recrystallisation(
with( ethanol( gave( 2( (23( g,( 0.094( mmol,( 76%)( as( a( colourless(
crystalline(solid;(Rƒ(0.88((ethyl(acetate/hexane,(3:7(v/v);(m.p(195.4–
196.9( °C;( 1H(NMR( (300(MHz,( CDCl3)( δ( =(8.21–8.04( (3H,(m),( 7.54–
7.46( (3H,( m),( 7.35–7.28( (2H,( m);( 13C( NMR( (75( MHz,( CDCl3)( δ( =(
138.2,( 128.64,( 126.58,( 123.17,( 122.48,( 122.21,( 121.27,( 120.51,(
119.93,(112.25,(112.03,(110.79;(IR((νmax(/(cm–1):(3401,(1563,(1434,(
1053,(809,(744,(566;(MS((+ESI)(248/246([(M(+(H)+(35/100%]((Found(
(+ESI):( [M( +( H]+

(
,( 247.9893/245.9913.( C12H9BrN

+( requires(
247.9892/245.9913)((

General(procedure(A:((

Sodium(hydride((60%(w/w(dispersion(in(mineral(oil,(1.50(equiv)(was(
added( portionBwise( to( a( solution( of( the( required( carbazole(
intermediate((1.00(equiv)(in(THF((3(mL/mmol)(at(0(°C.(The(reaction(
mixture( was( then( stirred( for( 30( minutes( at( room( temperature(
before(being(cooled(to(0(°C.((

The( required( alkylating( agent( (1.50( equiv)(was( added( at( 0( °C( and(
the(mixture(was(warmed( to( room( temperature( and( stirred( for( an(
additional(1(hour.(The(reaction(mixture(was(poured( into( ice(water(
and(neutralised(with(aqueous(hydrochloric(acid( (1(M).(The(organic(
layer(was(collected(and(the(aqueous(layer(was(extracted(with(ethyl(
acetate( (3( x).( The( organic( layers( were( combined,( dried( over(
anhydrous(MgSO4,(filtered,(and(the(solvent(was(removed( in!vacuo.(
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Purification( by( flash( chromatography( on( silica( gave( the( desired(
product.((

2N(9HNcarbazolN9Nyl)NN,NNdiethylacetamide((3a)(

General(procedure(A(was(followed(with(9H/carbazole((300(mg,(1.79(
mmol,( 1.00( equiv.)( and( 2BbromoBN,N/diethylacetamide( (369( μL,(
2.69( mmol,( 1.50( equiv.).( Purification( by( flash( chromatography(
(silica,(ethyl(acetate/hexane,(3:7(v/v)(gave(3a((460(mg,(1.64(mmol,(
90%)( as( a( colourless( powder.( Rƒ( 0.43( (ethyl( acetate/hexane,( 3:7(
v/v);(m.p(138.7–139.9(°C;(1H(NMR((300(MHz,(CDCl3)(δ(=(8.10–8.07(

(2H,�d),(7.46–7.20((6H,(m),(5.02((2H,(s),(3.40–3.34((4H,(q,(J!=(6.45),(
1.28–1.05( (6H,( t,( J!=( 6.45);( 13C( NMR( (75(MHz,( CDCl3)( δ( =(166.29,(
140.72,(125.90,(123.17,(120.38,(119.38,(108.52,(45.50,(41.63,(14.39,(
14.21;(IR((νmax(/cm–1)(2970,(1653,(1464,(1248,(799;(MS((+ESI)(583(
[(2M(+(Na)+

(
17%],(303([(M(+(Na)+

(
45%],(281([(M(+(H)+

(
100%];(Found:(

C,(78.29;(H,(6.52;(N,(8.11.(Calc( for(C18H20N2O:(C,(78.11;(H,(6.59;(N,(
8.11%.(

NNbenzylN2N(9HNcarbazolN9Nyl)NNNethylacetamide((3b)((
(
General(procedure(A(was(followed(with(9HBcarbazole((300(mg,(1.79(
mmol,( 1.00( equiv.)( N/benzylB2BbromoBN/ethylacetamide( (530( μL,(
2.69( mmol,( 1.50( equiv.).( Purification( by( flash�chromatography(
(ethyl(acetate/hexane,(1:4(v/v)(gave(3b((530(mg,(1.55�mmol,(86%)(
as(a(colourless(powder.(The(1H(NMR(spectrum(of(this(amide�shows(
the(presence(of(two(different(rotamers( in(a(1:1(ratio.(For(the(sake(
of�simplification,(the(NMR(data(for(only(one(rotamer(is(reported.(Rƒ(
0.70((ethyl�acetate/hexane,(3:7(v/v)(;(m.p(144.2–145.6°C;(1H(NMR(
(300(MHz,(CDCl3)(δ(=(8.11–8.02( (2H,(m),(7.46–7.16( (11H,(m),(4.99(
(2H,( s),(4.62( (2H,( s),(3.37–3.34( (2H,(q),(1.06–1.02( (3H,( t);( 13C(NMR(
(75(MHz,(CDCl3)(δ(=(169.10,(140.75,(128.62,(128.29,(125.95,(125.95,(
121.75,(120.47,(119.49,(115.42,(108.46,(49.83,(48.67,(43.11,(13.25;(
IR((νmax(/cm–1)(3402,(1658,(1536,(1452,(799;(MS((+ESI)(365([(M(+(
Na)+

(
40%],(343([(M(+(H)+

(
100%];(Found:(C,(80.55;(H,(6.49;(N,(8.19.(

Calc(for(C23H22N2O:(C,(80.67;(H,(6.48;(N,(8.18%.((

2N(3NbromoN9HNcarbazoleN9Nyl)NN,NNdiethylacetamide((4a)(

General(procedure(A(was(followed(with(2((2.00(g,(8.13(mmol,(1.00(
equiv.)( and( 2BbromoBN,N/diethylacetamide( (1.70(mL,( 12.19(mmol,(
1.50( equiv.).( Purification( by( flash( chromatography( (ethyl(
acetate/hexane,( 3:7( v/v)( gave( 4a( (2.72( g,( 8.13( mmol,�93%)( as( a(
colourless( powder.( Rƒ( 0.38( (ethyl( acetate/hexane,( 3:7( v/v);( m.p(
133.8–135.2( °C;( 1H(NMR( (300(MHz,( CDCl3)( δ( =(8.17( (1H,( s)( 8.03–
8.00( (1H,(m),( 7.51B( 7.43( (1H,(m),( 7.33–7.16( (4H,(m),( 4.95( (2H,( s),(
3.40–3.35((4H,(q,(J!=(7.05),(1.42–1.10((6H,(t,(J!=(7.05);(13C(NMR((75(
MHz,( CDCl3)( δ( =( 165.8,( 141.03,( 139.46,( 128.51,( 126.65,( 124.94,(
123.13,( 122.15,( 120.63,( 119.83,( 112.25,( 110.08,( 108.65,( 45.34,(
41.62,(12.95;(IR((νmax(/cm–1)(2925,(1642,(1426,(1268,(739,(564;(MS(
(+ESI)(741/739([(2M(+(Na)+

(
5/20%],(383/381([(M(+(Na)+

(
40/100%];(

Found:(C,(60.26;(H,(5.10;(N,(7.88(Calc(for(C18H19BrN2O:(C,(60.18;(H,(
5.33;(N,(7.80%.(

NNbenzylN2N(3NbromoN9HNcarbazolN9Nyl)NNNethylacetamide((4b)� (

General(Procedure(A(was(followed(with(2((1.00(g,(4.06(mmol,(1.00(
equiv.)(and(N/benzylB2BbromoBN/ethylacetamide((1.20(mL,(6.09(mL,(
1.50( equiv.)( Purification( by( flash�chromatography( (ethyl(
acetate/hexane,(1:4( v/v)( gave(4b( (1.38(mg,(3.28�mmol,( 81%)(as( a(
colourless(powder.(The(1H(NMR(spectrum(of(this(amide�shows(the(
presence(of(two(different(rotamers( in(a(1:1(ratio.(For(the(sake(of�
simplification,( the( NMR( data( for( only( one( rotamer( is( reported.(Rƒ(
0.60((ethyl�acetate/hexane,(3:7(v/v);(m.p(121.9–123.44(°C;(1H(NMR(
(300(MHz,( CDCl3)( δ( =(8.08B8.01( (1H,(m),( 7.94–7.85( (1H,(m),( 7.40–

7.01((9H,(m),(6.89–6.86((1H,(m),(4.77((2H,(s),(4.52((2H,(s),(3.43–3.24(
(2H,( q),( 1.14–0.98( (3H,( t);( 13C( NMR( (75( MHz,( CDCl3)( δ( =( 166.81,(
141.07,( 139.47,( 129.20,( 128.67,( 128.30,( 126.35,( 125.92,( 124.94,(
123.17,( 123.03,( 122.14,( 120.66,( 119.75,( 110.03,( 108.65,( 108.47,(
50.12,(44.98,(42.41,(13.71;(IR((νmax(/cm–1)(1645,(1450,(1263,(817,(
718,(588;(MS( (+ESI)(865/863( [(2M(+(Na)+

(
10/25%],(445/443( [(M(+(

Na)+
(
35/100%];( Found:( C,( 65.24;( H,( 5.14;( N,( 6.41.( Calc( for(

C23H21BrN2O:(C,(65.57;(H,(5.02;(N,(6.65%.(

General(procedure(B:� (

4a((1.00(equiv.),(the(boronic(acid(derivative,((1.5(equiv.),([Pd(PPh3)4](
(5(mol%)(and(Cs2CO3((2.00(equiv.)(were(combined(in(toluene((5(mL).(

The(reaction(mixture(was(purged(with(argon,(sealed(with(a(rubber(
septum(and(stirred(at(95(°C(for(24(hours.(The(reaction(mixture(was(
cooled( to( room( temperature( and( filtered( through( a( CeliteTM( plug(
and(eluted(with(ethyl(acetate.(The(crude(mixture(was(diluted(with(
water( (5( mL)( and( the( organic( layer( was( extracted.( The( aqueous(
layer( was( further( extracted( with( ethyl( acetate( (3( x( 5( mL).( The(
combined( organic( layers( were( then( dried( over( anhydrous(MgSO4,(

filtered(and( the( solvent( removed( in! vacuo.( The( crude( residue(was(
then( purified( by( flash( chromatography( on( silica( to( afford( the(
desired(product.((

N,NNdiethylN2N(3NphenylN9HNcarbazoleN9Nyl)acetamide((5a)((

General(procedure(B(was( followed(using(4a( (200(mg,(0.579(mmol,(
1.00( equiv.)( and( phenylboronic( acid( (102( mg,( 0.835( mmol,( 1.50(
equiv.).( Purification( by( flash( chromatography( (ethyl(
acetate/hexane,(3:7(v/v)(gave(5a( (137(mg,(0.384(mmol,(69%)(as(a(
colourless(solid.(Rƒ(0.38( (ethyl(acetate/hexane,(3:7(v/v);(m.p(94.3–
95.6(°C;(1H(NMR((300(MHz,(CDCl3)(δ(=(8.22–8.21((1H,(m),(8.06–8.00(

(1H,(m),( 7.63–7.59( (2H,(m),( 7.41–7.15( (8H,(m),( 4.95( (2H,( s),( 3.37–
3.27((4H,(q,(J!=(7.04),(1.08–0.97((6H,(t,(J!=(7.05);(13C(NMR((75(MHz,(
CDCl3)(δ(=(166.20,(142.14,(141.21,(140.30,(132.96,(127.32,(126.11,(
125.92,( 125.50,( 123.71,( 123.35,( 120.49,( 119.56,( 119.41,( 118.98,(
108.78,( 108.64,( 45.55,( 41.65,( 12.97;( IR( (νmax( /cm–1)( 2969,( 1650,(
1217,( 768,( 573;(MS( (+ESI)( 735( [(2M( +( Na)+

(
20%],( 379( [(M( +( Na)+

(

100%],(357([(M(+(H)+
((
10%];((Found:(C,(80.82;(H,(6.74;(N,(7.89.(Calc(

for(C24H24N2O:(C,(80.87;(H,(6.79;(N,(7.86%.((

N,NNdiethylN2N(3N(2Nmethoxyphenyl)N9HNcarbazolN9Nyl)acetamide(
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(5b)(

General(procedure(B(was( followed(using(4a( (200(mg,(0.557(mmol,(
1.00( equiv.)( and( 2Bmethoxyphenylboronic( acid( (127( mg,( 0.835(
mmol,( 1.50( equiv.).( Purification( by( flash( chromatography( (ethyl(
acetate/hexane,(3:7(v/v)(gave(5b(as(a(colourless(powder.((156(mg,(
0.404( mmol,( 73%).( Rƒ( 0.32( (ethyl( acetate/hexane,( 3:7( v/v)( m.p(
148.1–150.6(°C;(1H(NMR((300(MHz,(CDCl3( )(δ(=(8.22( (1H,(s),(8.01–
8.08((1H,(m),(7.64–7.61((1H,(m),(7.46–7.20((7H,(m),(7.08–6.84((1H,(
m),(5.03((2H,(s),(3.82((3H,(s),(3.43–3.39((4H,(q,(J!=(6.90),(1.16–1.10(
(6H,( q,( J! =( 6.90);( 13C( NMR( (75( MHz,( CDCl3)( δ( =( 166.31,( 156.67,(
141.09,( 139.93,( 131.61,( 131.31,( 129.91,( 128.02,( 127.86,( 125.85,(
123.47,( 123.13,( 121.41,( 120.89,( 120.46,( 119.39,( 111.39,( 108.54,(
107.95,( ( 55.67,( 45.62,( 41.44,( 14.20;( IR( (νmax( /cm–1)( 2963,( 1638,(
1463,(1219,(1022,(749;(MS((+ESI)(795([(2M(+(Na)+

(
25%],(409([(M(+(

Na)+
(
100%],(387([(M(+(H)+

(
15%];(Found:(C,(77.72;(H,(6.88;(N,(7.21.(

Calc(for(C25H26N2O2:(C,(77.69;(H,(6.78;(N,(7.25%.((

N,NNdiethylN2N(3N(4Nmethoxyphenyl)N9HNcarbazoleN9Nyl)acetamide(
(5c)((

General( procedure( B(was( followed( using( 4a( (500(mg,( 1.39(mmol,(
1.00( equiv.)( and( 4Bmethoxyphenylboronic( acid( (317( mg,( 2.086(
mmol,( 1.50( equiv.).( Purification( by( flash( chromatography( (ethyl(
acetate/hexane,(3:7(v/v)(gave(5c(as(a(colourless(powder.( (392(mg,(
1.014( mmol,( 73%).( Rƒ( 0.28( (ethyl( acetate/hexane,( 3:7( v/v);( m.p(

119.8–121.2°C;( 1H(NMR( (300�MHz,( CDCl3)( δ( =(8.26( (1H,( s),( 8.16–
8.13((1H,(m),(7.68–7.63�(3H,(m),(7.51–7.25((4H,(m),(7.05–7.02((2H,(
m),(5.10((2H,(s),(4.90((3H,(s),(3.46–3.42((4H,(t,(J!=(7.05),(1.19–1.12(
(6H,( t,( J! =( 7.05).( 13C( NMR( (75( MHz,( CDCl3)( ( δ( =( 166.26,( 158.60,(
141.17,( 139.94,( 134.80,( 132.66,( 128.28,( 126.05,( 125.25,( 123.69,(
123.34,( 120.48,( 119.48,( 118.53,( 114.21,( 108.73,( 108.60,( 55.40,(
45.62,(41.66,(12.98;(IR((νmax(/cm–1)(2932,(1658,(1476,(1260,(1216,(
1033,( 750,( 524;(MS( (+ESI)( 795( [(2M( +( Na)+

(
25%],( 409( [(M( +( Na)+

(

100%],(387( [(M(+(H)+
(
15%];(Found:(C,(77.60;(H,(6.85;(N,(7.18.(Calc(

for(C25H26N2O2:(C,(77.69;(H,(6.78;(N,(7.25%.((

(

Biological(Methods(

Establishment(of(cell(lines(

In(brief,( transfer(of(genetic(material(was(performed(with( lentivirus(
containing( either( human( TSPO( WT( or( A147T( cDNA,( and( a(
puromycinBresistance( gene( (Addgene,( MA,( USA).((Cells( expressing(
introduced(genetic(material(were(selected(using(puromycin.(((
Lentivirus(producing(constructs(were(generated(using(the(Gateway®(
cloning(system((Life(Technologies)(according(to(the(manufacturer’s(
instructions.( Constructs( were( first( cloned( into( the( pENTR™/SD/DB
TOPO®(entry( vector( and( subsequently( into( the(destination( vector,(
pLVXBV5(41(using(Gateway®(LR(Clonase( II®(enzyme.(All(clones(were(
sequenced( to( verify( the( correct( insertion( and( sequence.( TSPO(WT(
cDNA( was( amplified( by( PCR( with( the( 5’( oligonucleotide( forward(

primer( 5’BATGGCCCCGCCCTGGGTGCB3’( and( reverse( primer( 5’B
CTCTGGCAGCCGCCGTCCCB3’.( The( A147T( mutant( was( produced( as(
previously( described( using( the( QuikChange( SiteBdirected(
Mutagenesis( Kit( protocol( (Agilent)( with( the( forward( primer( 5’B
CTGGCCTGGCTGGCCTTCACGACCACACTCAACTACTGCB3’(and(reverse(
primer( 5’BGCAGTAGTTGAGTGTGGTCGTGAAGGCCAGCCAGGCCAGB3’(
42.( Lentivirus( production( for( generation( of( stable( TSPO( WT( or(
A147TBexpressing(cell( lines(was(conducted(as(previously(described.(
43( 293T( cells(were( cultured( in( DMEM( containing( 10%( fetal( bovine(
serum,( 100( U/ml( penicillin/streptomycin( and( 2( mM( glutamine.(
Seven(days(after( infection(with( lentiviruses,(cells(were(selected(for(
expression(using(puromycin.(

Western(blotting((

Western(blotting(was(performed( to(confirm(expression(of( stably(overB
expressing(TSPO(WT(or(A147T(using(previously(described(methods(44.(
Primary( antibodies( were( to( human( TSPO( (Abcam);( V5( (Life(
Technologies)( and(GAPDH( (Millipore).( Horseradish( peroxidaseBcoupled(
secondary( antibodies( (Santa( Cruz)( were( used.( Western( blots( were(
detected(on(a(ChemiDoc(imaging(system((BioRad)(and(quantified(using(
Fiji(software(45.(
(
Immunofluoresence(and(confocal(microscopy(

Cells( were( cultured( on( coverslips( and( fixed( with( 4%(
paraformaldehyde.(Cells(were(permeabilised(with(0.2%(NPB40(and(
counterstained( for( V5( (Life( Technologies)( and( the( mitochondria(
marker(ATPB((Abcam).(Nuclei(were(visualized(with(DAPI.(Secondary(
antibodies((Invitrogen)(were(coupled(with(the(fluorochromes(Alexa(
Fluor(488(or(568.(Confocal(images(were(taken(on(the(Zeiss(LSM(880(
microscope( using( the( CBApochromat( 40x/1.1(water( objective.( Any(
contrast(enhanced(adjustments(to(remove(dim(structures(and(nonB
specific(signal(was(uniformly(applied(to(all(images(46.(

Membrane(preparation(

Transfected( 293T( cells(were( incubated(with( PBS( containing( 0.04%(
EDTA((pH(7.4)(for(at(37(°C(for(10(min.(Cells(were(spun(at(1000(g!for(
10(min(and(the(pellet(was(suspended(in(3(ml(of(iceBcold(Tris–HCl((5(
mM),(pH(7.4.(Pellets(were(homogenised((UltraBTurrax(homogeniser;(
IKA(Werke,(Staufen,(Germany)(and(centrifuged(at(48,000(g!at(4(°C(
for(15(min.(The(obtained(pellet(was(reBsuspended(in(10(ml(Tris–HCl(
(50(mM;(pH(7.4)(and(centrifuged(at(48,000(g!for(15(min(at(4(°C.(The(
pellet(was( resuspended( in( 10(ml( of( TrisBHCl( (50(mM;( pH( 7.4)( and(
spun( at( 48,000( g! for( 15( min,( at( 4( °C.( The( resulting( pellet( was(
resuspended( in( 6( ml( Tris–HCl( (50( mM;( pH( 7.4)( and( total( protein(
concentration(was(determined(using(the(BCA(protein(assay((Pierce(
Biotechnology( Inc.,( Rockford,( IL)( according( to( the( manufacturer’s(
protocol.(
(

Saturation(radioligand(binding(

Membranes( (20(µg/well( diluted( in( 50(mM( TrisBHCl,( pH( 7.4)( were(
incubated( with( [3H]( PK( 11195( (PerkinBElmer,( Beaconsfield,( UK)( at(
seven( concentrations( (0.1( –( 25( nM),( 3( μM( unlabelled( PK( 11195(
(SigmaBAldrich)( to( determine( nonBspecific( binding,( or( a( vehicle(
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control((0.1(%(DMSO)((v/v)(to(determine(total(binding.(The(reaction(
was(incubated(for(90(min(at(4(°C(to(achieve(equilibrium,(terminated(
by( rapid( filtration( through( a( glassBfibre( filter( (GF/C;( Millipore,(
Carrigtwonhill,(Ireland)(and(washed(with(50(mM(TrisBHCl((pH(7.4)(at(
4( °C.( The( filters( were( allowed( to( dry( overnight,( covered( with(
MicroscintB0( scintillation( cocktail( (PerkinBElmer)( and( radioactivity(
measured( with( a( Microbeta2( 2450( Microplate( Counter( (PerkinB
Elmer).( Saturation( binding(was( analysed(with( Graphpad( Prism( 6.0(
(Graphpad,( La( Jolla,( CA)( using( a( nonBlinear( regression( curve( fit( to(
determine(the(Kd.(Data(are(expressed(as(mean(±(SEM(from(at(least(
three(independent(experiments.(

(

Competition(radioligand(binding(

Membranes( (20(µg/well( diluted( in( 50(mM( TrisBHCl,( pH( 7.4)( were(
incubated(with(~Kd(concentration(of([

3H]PK(11195((10(nM)(and(test(
compounds((0.3(nM(B(10(µM)(in(a(final(volume(of(200(μL(for(90(min(
at( 4°C.( To( determine( total( binding,( [3H]PK( 11195( and(membranes(
were(incubated(with(vehicle(alone((0.1%(DMSO((v/v)(in(50(mM(Tris–
HCl,(pH(7.4).((NonBspecific(binding(was(determined(in(the(presence(
of( a( saturating( concentration( of( cold( PK( 11195( (3( µM),( and(
amounted(to(5–15%(of(total(binding.(After(incubation,(assays(were(
terminated( by( rapid( filtration( through( a( 96Bwell( glassBfibre( filter(
plate((Millipore)(and(washed(8(times(with(ice–cold(50(mM(Tris–HCl(
(pH( 7.4)( using( a( Brandel( 96–sample( vacuum( harvester.( The( filter(
was( covered(with(MicroScint( 0( scintillation( cocktail( (Perkin( Elmer)(
and( radioactivity( counted( using( a( Microbeta2( 2450( Microplate(
Counter( (Perkin( Elmer).( ( Data( were( corrected( for( non–specific(
binding(and(expressed(as(a(percentage(of(vehicle(control.(Data(were(
analysed( using( Graphpad( Prism( 6.0( (Graphpad)( and( a( fourB
parameter(nonBlinear(regression(curve(fit(to(calculate(the(Ki(values.((
Data(are(expressed(as(mean(±(SEM(from(at(least(three(independent(
experiments.(
(

Cell(viability(

We(used( the(metabolism(of( resazurin( to( the( fluorescent( resorufin(
to( deduce( the( proportion( of( viable( cells( after( exposure( to(
compounds.( ( Transfected( 293T( cells( (8.75( x( 103( cells/well)( were(
seeded( onto( polyBlBlysineBcoated( (100( µg/ml)( 96Bwell( plates( and(
treated( on( the( following( day(with( vehicle( of( test( compounds( (1( –(
100(µM)(for(48(h.(CellTiter(Blue((reagent((20(μL;(Promega,(Madison,(
WI)(was(added(to(each(well(at(37(°C(for(4(h.(The(supernatant((100(
μL)( was( transferred( to( a( blackBwell( plate( and( fluorescence( was(
measured( with( a( POLARstar( Omega( plate( reader( (BMG( Labtech,(
Durham,(NC)(at(Ex560/Em590(nm.(Data(were(normalised(to(vehicle(
controls(and(IC50(values(calculated(by(nonBlinear(regression(analysis(
using(Graphpad(Prism(6.0((Graphpad).(IC50(values(represent(mean(±(
SEM( from( 3( independent( experiments.( Statistical( significance(was(
assessed( with( a( oneBway( ANOVA( with( Dunnett’s( multiple(
comparison’s(test.(p<0.05(was(considered(statistically(significant.((
(

(

BrdU(ELISA(

Incorporation(of(5BbromoB2'Bdeoxyuridine( (BrdU)( into(DNA(as( cells(
replicate( was( used( as( an( index( of( proliferation.( Transfected( 293T(
cells( (8.75( x( 103( cells/well)( were( seeded( onto( polyBlBlysineBcoated(
(100(µg/ml)( 96Bwell( plates( and( treated( on( the( following( day(with(
vehicle( of( test( compounds( (1( –( 100( µM)( for( 48( h.( Cells( were(
incubated(with(10(μL(of(BrdU((1:100;(Roche(Molecular(Diagnostics(
Indianapolis,( IN)( at( 37°C( for( 4( h.( Detection( of( BrdU( incorporated(
into( DNA( of( proliferating( cells( was( performed( with( a( BrdU( ELISA(
(Roche( Molecular( Diagnostics)( following( the( manufacturer’s(
instructions.( (The(reaction(was(stopped(with(1(M(sulfuric(acid(and(
the( absorbance( was( measured( with( a( POLARstar( Omega( plate(
reader((BMG(Labtech)(at(450(nm.(Data(were(normalised(to(vehicle(
controls(and(IC50(values(calculated(by(nonBlinear(regression(analysis(
using(Graphpad(Prism(6.0((Graphpad).( IC50(values(represent(mean(
±(SEM(from(3(independent(experiments.(Statistical(significance(was(
assessed( with( a( oneBway( ANOVA( with( Dunnett’s( multiple(
comparison’s(test.(p<0.05(was(considered(statistically(significant.((
(
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