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OF THE INVENTION [0003]Despite.a ces in treatment, congestive heart failure remains an
important cause 3’? ﬁgﬂﬁ?] %e&%gfgﬁg ?cr)%ﬁ??g’sﬂuﬁf'eogfw iTﬂtr%agéféé\%pgcﬁﬂﬂfb%ﬁa&%%uals in the
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[0004]An important hallmark of heart failure is reduced myocardial contractility (Gwathmey et al.,
Abnormal intPacelitiaf eatisnatiendaanhonplissior ReatiMardN At Elod antN sy @ ¥iart failure,
Circ. Res,, 61:70wiichla8Ts e headthyhe s Paitiadppaaaidn SEhaNsilicded spnscieCalaimy 1glease
channels on the sgigoplasiicystigulum (SEY ndluding pyanoding igePigrs (RuRs)y faclitate coupling
of an action potential to a muscle cell's Contraction (ll.e., exciation-Eonfraction %’E) coupcllngf.
Contraction is initierey wersposind binr¢eened Reretieased from the SR into the surrounding cytoplasm. In
heart failure, contractile

STATEMENT OF GOVERNMENT INTEREST

15 [0002] This invention was made with government support under NIH Grant No. PO1
HL 67849-01. As such, the United States government has certain rights in this invention.

BACKGROUND OF THE INVENTION
[0003] Despite advances in treatment, congestive heart failure remains an important
cause of mortality in Western countries. Heart failure affects 5 million individuals in the
20  United States alone, and is characterized by a 5-year mortality rate of ~50% (Levy et al.,
Long-term trends in the incidence of and survival with heart failure. N. Engl. J. Med.,
347:1397-402, 2002).

[0004] An important hallmark of heart failure is reduced myocardial contractility
(Gwathmey et al., Abnormal intracellular calcium handling in myocardium from patients

25  with end-stage heart failure. Circ. Res., 61:70-76, 1987). In healthy heart muscle, and in
other striated muscle, calcium-release channels on the sarcoplasmic reticulum (SR), including
ryanodine receptors (RyRs), facilitate coupling of an action potential to a muscle cell's
contraction (i.e., excitation-contraction (EC) coupling). Contraction is initiated when calcium
(Ca¥) is released from the SR into the surrounding cytoplasm. In heart failure, contractile

30  abnormalities result, in part, from alterations in the signaling cascade that allows the cardiac

action potential (AP) to trigger contraction. In particular, in failing hearts, the amplitude of



30abnormalities result, in part, from alterations in the signaling cascade that allows the cardiac action
potential (AP) to trigger contraction. In particular, in failing hearts, the amplitude of 2 the whole-cell
Ca2+ transient is decreased (Beuckelmann et al., Intracellular calcium handling in isolated ventricular
myocytes from patients with terminal heart failure. Circ.,85:1046-55, 1992; Gomez et a/., Defective
excitation-contraction coupling in2 experimental cardiac hypertrophy and heart failure. Science,
276:800-06, 1997 hawholesdl FatidransigrbinirseasitBenakelmamrit/alnrselbdntralodmcand!8ndling in
isolated ventriculag, iayRedoentrRiN P atiRigitbniainR ViR Hainal Gedzi failu3d: dH46855,04638).

[0005]Cardiac arrlwg%n%a a com fo%{?}éureco&{}e,?r% ;"ilrialxlé{lehis hnﬁlyvr}ntoexbgnertggn C i%‘zta? J with SR Ca2+
leaks in structurally-nor r?g] Réarts. 15 &es%eéalseso, TR RS L0 L EMMOR ThEthanism for induction and
maintenance of véhéomahyaohysardizlizeaSererca sl HRo06idR 71 and e fretiort siprdlengatl automaticity,
known as triggeregsaftRyiimiteis A RpLaGA IR AR AT ESIPRSRRE WRGaEt niyBisRiniates delayed

after-depolarizations, or DADs (Fozzard, HA., Afterdepolarizations and triggered activity. Basic Res.
Cardiot , 87:105-1@,“2@9EIW?%Wﬁﬁégﬁ?‘bﬁf@%yﬁdgﬁéFmég%?nisms of cardiac arrhythmias. Am.

Heart.!, 106:798- 983). DADs are abhnormal depolarizations, in cardiomyqcytes that occur after
15repolarization ?'IE' gm Cardiac a%é\l%)d?la%?) £ 1'%?.1 rhdmolecy %%r eé)st,sige?cﬁ?{%qél rgb}é%#‘ﬁ\yéor«g%a% release
that results in DABss¢viatedotiBeSR Gaflyledkein stmeturatymsrael boatts Hréhassoassscheanbsbesmuany
ryanodine, providipg gxifiante ithRtRYRIRAnEEY A ¥kAlaIR HeRahpacnesmabinmakayant Ca2+
release (Marban et at, Mechanisms_ of arrhythmaogenic delayed (gnd early afterdepolarizatjons in ferret

ventricular mifscle™F 15m of 3oRermal guiqm icy, §B0YB 8% B Frg LT EAMRII KA R DY hotes
development of affbedapotizatifSR Galtl WijdeinithasthidyeihatardiqolnizatyesorAmb3 @Foysicl,
267:H2005-11, 1994). m&éép%ﬂ%m&{s%%‘m&ééq%kﬁgﬁrﬁaﬁm@ &L IInags igsafsial apriligtion (AF).

It represents a major cause of morbidity and mortality ugh et at, Epidemiology and natural history of

atrial fibrillation: cRRcBRPsrRphetephisiolagic rasshanisimgiot cadiacarrghoags s Hem! R 190 AR fibrillation.
N. Engl. | Med., 34433063 ATS, a20@broRxeaRitpdisriiiticnd impedianesciavmtaidiesteent options for AF
have been limited - due, in.part, to the fact.that its undeylying molegular.mechanism orly
inderstood. 15007 FRASHEEHLRER SEbac S AR i sV lpEben s abnompl SR GRS
arrhythmias. Sucthidfiatst thatdéadtamiytdmizs eocbedndnlyeginidddtedinbhavgrer, | PADmercksesn 4o

be blocked by ryanodine, providing evidence that RyR2 may play a key role in the

pathogenesis of this aberrant Ca®* release (Marban et al., Mechanisms of arthythmogenic
delayed and early afterdepolarizations in ferret ventricular muscle. J. Clin. Invest., 78:1185-

20 92, 1986; Song and Belardinelli, ATP promotes development of afterdepolarizations and
triggered activity in cardiac myocytes. Am. J. Physiol., 267:H2005-11, 1994),

[0006] The most common cardiac arrhythmia in humans is atrial fibrillation (AF). It
represents a major cause of morbidity and mortality (Chugh ez al., Epidemiology and natural
history of atrial fibrillation: clinical implications. J. Am. Coll. Cardiol., 37:371-78, 2001;

25  Falk, RH,, Atrial fibrillation. N. Engl. J. Med., 344:1067-78, 2001). Despite its clinical
importance, however, treatment options for AF have been limited — due, in part, to the fact

that its underlying molecular mechanisms are poorly understood.

[0007] Approximately 50% of all patients with heart disease die from fatal cardiac

arthythmias. Such fatal cardiac arrhythmias are often ventricular in nature. In some cases, a
30  ventricular arrhythmia in the heart may be rapidly fatal ~ a phenomenon referred to as "sudden

cardiac death” (SCD). Fatal ventricular arthythmias (and SCD) may also occur in young,

otherwise-healthy individuals who are not known to have structural heart disease. In fact,



30 ventricular arrhythmia in the heart may be rapidly fatal - a phenomenon referred to as "sudden
cardiac death" (SCD). Fatal ventricular arrhythmias (and SCD) may also occur in young,
otherwise-healthy individuals who are not known to have structural heart disease. In fact, 3 ventricular
arrhythmia is the most common cause of sudden death i& otherwise-healthy individuals.
[0008]Catecholaminergic polymorphic ventricular tachycardia (CPVT) is an inherited disorder in
individuals with stFRIUFEIRy HERHENAdhe meseemata s of Hydet death shodreuissasaivular
tachycardia - a leth@iagadayghmia that may cause SCD. In subjects with CPVT, physical exertion and/or
stress induce bidirectional and/or polymorphic ventricular tachycardias that lead to SCD in the absence
of detectable strud@9@8]heart dizeebeldmangrginrelyamotvhitatiotric dhtticlemahe (GBWNbHing receptor

(RyR2) gene in familial polym G pntiial ¥ dpaRvaaitianérirsRERS, B A3 Afa:-RAa00 reaenhardt
et aL, Catecholaminergic 10%olymorph|c ventricular tachycardia in children: a 7-year follow-up of 21

patients. CirculatidRlug§disaiatiar fedycasdiarm alethalampithmin bat Bt 35t BehREaBBE patients
with catecholamin€ryT lysicalr pletive aitiod kireta didyca biliireivoal | adidior, dyadpkié¢, vENGR2ylRrior et at,

Mutations in the coyiag MEEIIG dS CRIST LS, (IRYBIL WIdAUIE GateaalRIRSIAiG RANmoT P

ventricular tachycar irculation, 103: 1; 15 Swan et aL, Arrhythmic disorder mapped to

chromosome 1q42igdButasigne afiihg rgriian TyenpAies BISRPI9E ARTRG\gcnscR femilizh RAISBOPRIfally normal

hearts. J. Am. Collehiatdtd b p-¢7c1A08), BUISH0 Y01 i1 pimaedninantiyRbrikatniigh)

autosomal-dqguman‘ fashlgn. Indl.\/l%uals with CPVT kl ve v trlcu}alio%flggé)w%sat\{ggten subjected to

exercise, but'do n ?%H’e\‘/%YSB“é? Vtﬁﬁ%cgréiargs@l |ﬁ?é@egn§fﬁrd|8 anddiréct sequ%’ncing have
identified mutationSitruthigoh hd A1RYIR2 Pt Erion etwiofibsiorhend qptiteqd;, dhamackiridetids ofith CPVT

(Laitinen et at, M%@H&ﬂ&@iﬁ%&%@&ﬂﬁﬂg@_ ipﬁ&@%%%&ﬁ%m%ﬁdﬁ.fé‘frﬂli@z'tm'»l%@é&*’ﬂﬁ

ventricular tachycardia. Circulation, 103:485-90, 2001; Priori etal., Mutations in_the cardiac ryanodine
receptor gene (hR%%%)Pdf?ﬂ'e‘ﬂi%l'cM&%HB‘F&MiH@@@B&W?ﬂBﬂHﬁiEe%WigﬁTﬁKWMéffﬂﬁ!‘?5Circulation,
103:196-200, 200¢st&vslanshergiSpoiny oipiti cientitialamagiyestda aivomasoni® 1. 0962294,208yses
O ol . A A WA U 6 IS LAl Al !

, polymorphic ventricular tachycardia in structurally normal hearts. J. Am. Coll. Cardiol.,

34:2035-42, 1999).

[0009] CPVT is predominantly inherited in an autosomal-dominant fashion.
Individuals with CPVT have ventricular arthythmias when subjected to exercise, but do not

20  develop arthythmias at rest. Linkage studies and direct sequencing have identified mutations in
the human RyR2 gene, on chromosome 1q42-q43, in individuals with CPVT (Laitinen et al.,
Mutations of the cardiac ryanodine receptor (RyR2) gene in familial polymorphic ventricular
tachycardia. Circulation, 103:485-90, 2001; Priori ef al., Mutations in the cardiac ryanodine
receptor gene (hRyR2) underlie catecholaminergic polymorphic ventricular tachycardia.

25 Circulation, 103:196-200, 2001; Swan et al., Arrthythmic disorder mapped to chromosome
1q42-q43 causes malignant polymorphic ventricular tachycardia in structurally normal hearts.
J. Am. Coll. Cardiol., 34:2035-42, 1999).

[0010] There are three types of ryanodine receptors, all of which are highly-related
Ca?* channels. RyR1 is found in skeletal muscle, RyR2 is found in the heart, and RyR3 is
30  located in the brain. The type 2 ryanodine receptor (RyR2) is the major Ca*-release channel

required for EC coupling and muscle contraction in cardiac striated muscle.



[0010]There are three types of ryanodine receptors, all of which are highly-related Ca24 channels.
RyR1 is found in skeletal muscle, RyR2 is found in the heart, and RyR3 is 30located in the brain. The
type 2 ryanodine receptor (RyR2) is the major Ca2+-release channel required for EC coupling and
muscle contraction in cardiac striated muscle. 4 10011]RyR2 channels are packed into dense arrays in
specialized regions of the SR that release intracellular stores of Can, and thereby trigger muscle

contraction (Marx ¥PLH Coupl &y RAfhy it Rredackrdinta donss ares thiresialies el Bhdhnels
(ryanodine recept@ig)reRairnneac Bl bR o f1098)ard uhinghir i gpetiplincle demedeviatanoérthl cardiac- 5
muscle cell membrane, in phase zero of the, AP . activates voltage-gated Can.chann In turn, Can
influx through thes&é% @5?%%@%&@%3 gﬂ“riél gg‘éee%%%u Cieég \;lea}L% ﬁsglglﬁ?%c[as Er?’c%g%%skzeknpwn as
Can-induced Can mshutase) (Seipiaeo? ;8 aldiuiidDudueBleemwliec depklanzation e dhe spadiac-
salrcoplasmic Sztigl‘rlllé@lﬂe_@mMe%ﬂY&@!-in%é@%é%Mtﬂegﬁﬁ,? Mﬁh@dfam@.gmmmggﬂggo o
release is gate calcilym current, not gating charge, in cardiac 10 myocytes, Science, :800-03,
1989). The Rsz-MéteW&WW%%&WFélﬁé%? E&n%‘%?ﬁ?a?(%‘ fﬁ%ﬁ%ﬁ’ﬁi‘éﬁg BBRERSEvhich
are responsible fokmoantiaCailisdeabfsfa oiene [BHIAIRMRZ ik amrintkiced oziepte e Hainorsimgnfour

565,000-dalton RyR2 palypeptides i AsaosiaH R vipighy L2808 daiten &850, Rigding, proteins
(FKBPs), specifically FKBP12.6 (calstabin), FICBPs are cis-trans peptidyl-prolyl isomerases that are

15widely express&ggaitiosat calsivaTelspistie saghbysrcione amtest s2ng ehefierainfeattiions of
immunophiling. Phygield3eStied & 53%-480-00 9639~ KRPH R el &reafuhidydo oatt toleandheagulate the

function of, the skg}lg&a{e@/%nodrilr&g Eﬁge%ttor %E %rri(lelag}gl 1gtﬁz)arl. arSl biliza 'gn g{lcglcrilum release
channel (ryanodine re%ep&oerf?unc%lonpoyw - mdmﬁ’pro ein. Ce ,af'ff’gi -fg, ﬁ;’Jayaraman

etal., FK506 bindifyg pyptein a ' WithntbspRle LR miliRieRse e A0Sh{RARORINE receptor). J.
Biol. Chem., 267:947427 1992); th?’(;lrdiac ryanodine ﬁ%eé?gr RyR2 (Kaftan et at, Effects of

rapamycin on ryaHSWQti@??eiﬁmWQ)WPé‘lé%é70?1%%1% &6 harineRiniens BXBPRes. 78:990-97,

1996); a related inpadftalla FRBRR1IZE@sktalia) R Blke awrias-the gyelill-yrobitidomdrisdsiphtsphate
receptor (IP3R1) e . FKBP12 bj inasital 1.4 5-frisphospha r.at
Ieucine-prolﬁ% 25(&%% fﬁ(ﬁ%géhﬁésneﬁ%%spﬁ%gr%ﬁ??r@t% t rllétErlg%%ga?l Séaggﬁtgfrgﬁga?g{%ﬁ%ﬁeo r%
272:27582- 88, 199mungnliting. BfysiokReisiatihil of Hrifieh. fHkBP i3 prasmsyretighitobgutd 19, BpdChen et
at, Mechanism of FgasiR aaRAb INHDIeRREKRRE 2 EMBRyR1 1E:AREEE ol M bilization

of calcium release channel (ryanodine receptor) function by FK506-binding protein. Cell,
77:513-23, 1994, Jayaraman et al., FK506 binding protein associated with the calcium

20  release channel (ryanodine receptor). J. Biol. Chem., 267:9474-77, 1992); the cardiac
ryanodine receptor, RyR2 (Kaftan et al., Effects of rapamycin on ryanodine receptor/Ca(2+)-
release channels from cardiac muscle. Circ. Res., 78:990-97, 1996); a related intracellular
Ca’*-release channel, known as the type 1 inositol 1,4,5-triphosphate receptor (IP3R1)
(Cameron et al., FKBP12 binds the inositol 1,4,5-trisphosphate receptor at leucine-proline

25  (1400-1401) and anchors calcineurin to this FK506-like domain. J. Biol. Chem., 272:27582-
88, 1997); and the type I transforming growth factor B (TGFB) receptor (TBRI) (Chen et al.,
Mechanism of TGFbeta receptor inhibition by FKBP12. EMBO J., 16:3866-76, 1997).
FKBP12.6 binds to the RyR2 channel (one molecule per RyR2 subunit), stabilizes RyR2-
channel function (Brillantes et al., Stabilization of calcium release channel (ryanodine

30 receptor) function by FK506-binding protein. Cell, 77:513-23, 1994), and facilitates coupled
gating between neighboring RyR2 channels (Marx ef al., Coupled gating between individual

skeletal muscle Ca®* release channels (ryanodine receptors). Science, 281:818-21, 1998),



FKBP12.6 binds to the RyR2 channel (one molecule per RyR2 subunit), stabilizes RyR2- channel
function (Brillantes et at, Stabilization of calcium release channel (ryanodine 30 receptor) function by
FK506-binding protein. Cell, 77:513-23, 1994), and facilitates coupled gating between neighboring
RyR2 channels (Marx el at , Coupled gating between individual skeletal muscle Can release channels
(ryanodine receptors). Science, 281:818-21, 1998), 5 thereby preventing aberrant activation of the
channel during théhe&irRyqypRIERS abeHant artyatian Rl opraph during Sietreatinecnbesh R s2edidhnels are
associated with a gygmber of pathological states - in both diseased hearts and structurally-normal
hearts. Accordingly, 5methods to repair the leaks in RyR2 could treat or prevent heart failure, cardiac
arrhythmias, and $0dkn cardiis dieaitthanlenkisiorRyBR phdiwelsare 08 0didevitiaembotiafazepine

derivative, JTV-513n08 A43r (fBE02YIRIRKLISe! hearts and structurally-normal hearts. Accordingly,
yfipropiony1]-7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine monohydrochloride (also known as

k201 or ICP-CalstBAtBASoEpaidhs I55a indRsRe Faliits SHAreyrahRRaE et TBWER A ting Ca2+
levels in myocardiaidosiided ta/dmt dalbamdtiismiesphiedat current and the inward-rectifier Kt current in
guinea pig ventricular cells, and inhibits the delayed-rectifier Te current in guinea pig atrial cells.

Studies have shoWfat JTV-Bholthbeazethinrgrere desispovscliV¥-ath or 4d3irsberrrlpkrsriditirle-induced
iy In experim e ay usion
injury. In experimenta ofibr vercontraction modeJs, JTV-519 demonstrated greater.
carchoprotecte RGBS g IO Hol A et nSH GRS ] 2GR ALAHEE e FOETH
suggested thit J Tt &gl etifectve Yepetie mgocerdidbeedby, IBOhS Hfialse pedulitn thy Netlcoiegt tnd thvel of
inracellular Ca2+qyerioacif AR, MOl LM VARY O JHE A HENTRNARIR0EThe present

invention is based ypon the surprising discovery that RyR?2 is a target for treating and preventing heart

failure and cardia& afHRpIHRi 88ITACARIATR bEpls risristibhg shenmitutad YnHhhrsisrensd

exercise-induced eatiiportivetbfeinaghnstassibRehnesatuctaenyosarinisnong enpodiadihRy®2-channels
with 7 different CRV.T rrautatiPQs and studired their f ncFons. All 7. mutants hald functionatLEiefects that

resulted in channé‘fg%eatm%'g bgtlzlﬁfﬁ)é' SRRy A SR ggﬁf/ﬁﬁ%rrf\u% ThiYa it E;“énfélrmse. The

inventors' stddy isnyefifirdlare igemetiftaetipnanpdalisiiby \idrenotist B8R gaittn naidisirercbesinds.

Remarkably, the defiegidphasnViamR\Faimansls made-bassiaanals nekdgdhe waoronannels
in the hearts of p}t‘?r?#i wijth end-stage heart failure - a disorder characterized by a high incidence of

fatal cardiac arrh R IR R R NG AT S R RS BVO IR TR Hecha lf¥shoor the

intracellular Ca®* overload in animal models.

SUMMARY OF THE INVENTION

20 [0015] The present invention is based upon the surprising discovery that RyR2 is a
target for treating and preventing heart failure and cardiac arrhythmias, including atrial
fibrillations, ventricular arrhythmias, and exercise-induced cardiac arrhythmias. As described
herein, the inventors made mutant RyR2 channels with 7 different CPVT mutations, and
studied their functions. All 7 mutants had functional defects that resulted in channels that

25  became leaky (a calcium leak) when stimulated during exercise. The inventors' study is the
first to identify a mechanism by which the SR calcium leak causes DADs. Remarkably, the
defect in the mutant CPVT channels made the channels look like the leaky channels in the
hearts of patients with end-stage heart failure — a disorder characterized by a high incidence
of fatal cardiac arrthythmias. Therefore, the inventors have shown that the mechanism for the

30 VTin CPVT is the same as the mechanism for VT in heart failure.



30 VT in CPVT is the same as the mechanism for VT in heart failure. 6 100161The inventors also
disclose herein that JTV-519 (k201 or ICP-Calstan 100), and other novel | ,4-benzothiazepine
derivatives, repair the leak in RyR2 channels. As the inventors have shown, JTV-519 and related
derivatives enhance binding of FKBP12.6 to PKA-phospéorylated RyR2, and to mutant RyR2s that
otherwise have reduced affinity for, or 5 do not bind to, FKBP12.6. This action fixes the leak in RyR2

which triggers fatdP8ttiac arrkherinvriors aliadisdasehsrcehth ISCD ) GAY cohthtidsemp! 00),

atrial/ventricular fifyilaitiensoaech BamrizomiscdpiftysdHRAtIRE, teparant faik e R Aldeeardnghs in one
aspect, the present inventjon provides.a method for limiting or preventing a. dec in the level of
R bount FICED T s TS e e Fu PR DRty e 2 415
administering to tRK&ciljespthary ated BiiR3{ 374 /cmotaff@yiiZe tmtioticoyigsbyeanedudedaianity itonies level of

RyR2-bound kKBl B,id%6 SRBIEEeWRRIEIBHGEHRN R R AUIPR IR hiblSAdYEoy t8@fchiRabiSe Of

JTV-519 in a method for limiting or preventing a decrease in the level of RyR2-bound FKBP12.6 in a
subject who has, 8745 fer i dga 8 and SIBB 1Y TS ATAtH St fifrdlagiense nt
invention providesuad inathadifcle thedbimgior ipieaeerfiihgeatrial fibrillation in a subject, by administering to
the subject an amount ofJTV- 519 effective to limit or prevent a decrease in the level of RyR2-bound
FKBP12.6 in the J0Bl8tt, theresFerdingh B opsaskastints RIFrHiBHRatioMAre s SuBjEted fPbne

embodiment, the afmipipbeprtlominbh abiasivear thtiRilePb MRORS Hoa X BR3e fithadsiet @h&pd32-bound
20FKBP12.6 in the subjec I(? a amou?é. f, '[.V-519 Sffectitve tottre;]at O{).pr?vent atritailflﬁjé[w%t]ign in the

subject. [0019]In S48 S é’catfrﬁ} ’%%gé(r’ﬂ’ i??(/%n ion §?8§id)etseamﬁ7beﬁ188 $BPhMRing or preventing
a decrease in the ¢€veti'cf R{iRR-brquen i EolE8RAR . B thedesal)é By BRR oind FKBRicpan the subject,

1,4-benzothiazepipg AerivaliverithasHRIRG, INQHRAMALI GESCHY o0 Y MilPL RBNE fRiFmtiRgrease in
the level of RyR2-bound FKBP12.6 in the subject, wherein the 1,4- benzothlazetplne derivative'is

selected from the (a'm\beeg?%%gﬁféeeﬁg 'tlé’lm@bel of RyR2-bound FKBP12.6 in a subject who has, or is a

candidate for, atrial fibrillation,

15 [0018] In another aspect, the present invention provides a method for treating or
preventing atrial fibrillation in a subject, by administering to the subject an amount of JTV-
519 effective to limit or prevent a decrease in the level of RyR2-bound FKBP12.6 in the
subject, thereby treating or preventing atrial fibrillation in the subject. In one embodiment,
the amount of JTV-519 effective to limit or prevent a decrease in the level of RyR2-bound

20 FKBPI2.6 in the subject is an amount of JTV-519 effective to treat or prevent atrial
fibrillation in the subject.

[0019] In still another aspect, the present invention provides a method for limiting or
preventing a decrease in the level of RyR2-bound FKBP12.6 in a subject, by administering a
1,4-benzothiazepine derivative to the subject, in an amount effective to limit or prevent a

25  decrease in the level of RyR2-bound FKBP12.6 in the subject, wherein the 1,4-

benzothiazepine derivative is selected from the group consisting of:

Q

W

-SSR

MeO\C(\/N) \6

(a) S

wherein R = aryl, alkenyl, alkyl, -(CH;),NR';, or -(CH;),SR',and n=0, 1,2, or 3, and R' =
alkyl or cycloalkyl,



wherein R = aryl, alkenyl, alkyl, -(CH2),NR'2, or -(C1-12).SW, and n 0, 1, 2, or 3, and R = alkyl or
cycloalkyl; 7 (b) MeO wherein R = awl, alkyl, -(CH2)"NR12, or -(CH2)SR,and n=0, 1, 2, or 3, and R’
= alkyl or cycloalkyl; (c) MeO 5 wherein R = CO(CH2)nX-R2, SO2(CH2),ARI2, or SO2NH(CH2)XR12,
and X=NorS,andn=1, 2, or 3, and R' = alkyl or cycldalkyl; and whereinm=1o0r2; (d) wherein
R = aryl, alkyl, -(CH2)nNR'2, -(CH2)SR', and n =0, 1, Z,é)r 3, and R = alkyl or 10 cycloalkyl; and

wherein X = NH or 0; N
MeO N SNR
160
(b) S
wherein R = aryl, alkyl, -(CH,),NR", or -(CH;),SR',and n =0, 1, 2, or 3, and R' = alkyl or
cycloalkyl;
R
MeOQ(N
W,

© (Gm
5 wherein R = CO(CH,),XR';, SO,(CH,),XR";, or SO,NH(CH;),XR';, and X=Nor §S,and n =

1,2, or 3, and R' = alkyl or cycloalkyl; and whereinm = 1 or 2;

0,

y

MeO. N.‘c-x-R
T
(d)

wherein R = aryl], alkyl, -(CH;),NR", -(CH;),SR', and n=0, 1, 2, or 3, and R' = alkyl or
10 cycloalkyl; and wherein X = NH or O;

(€) R

wherein R; = OR/, SR', NR', alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring, and
R’ = alkyl, aryl, or H; wherein R; = H, alkyl, or aryl; and wherein R; = H, alkyl, or aryl,

@)n

15 6]

wherein R1 = H, OR', SR', NR, alkyl, or halide, at position 2, 3, 4, or 5 on the pheny] ring,
and R' = alkyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,

alkenyl, or aryl; whereinm =0, I, or 2; and whereinn=0or I;



(e) R2 wherein Rl = OR’, SR', NR', alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring, and R' =
alkyl, aryl, or H; wherein R2 = H, alkyl, or aryl; and wherein R3 = H, alkyl, or aryl; //R3 (0)m 15 wherein
RI = H, OR', SR', NR', alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring, and R' = alkyl, aryl, or
acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 & H, alkyl, alkenyl, or aryl; whereinin =0, 1, or
2; and whereinn =0o0r 1; 8 0 Nr- Rcr R2 (g) wherein Rl = H, OW, SR’, NR', alkyl, or halide,
at position 2, 3, 4, or 5 on the phenyl ring, and R' —alk aryl, or acyl; whereln R2 = H, alkyl, alkenyl, or
aryl; wherein R3 = H, alkyl, 5alkenyl, or aryl; H, halide, alkenyl, carboxyllc acid, or an

alkyl containing 0, S, or N; and wherein m B or 2; (h) any oxidized form thereof Also
dexivatives in methods for limiting or preventing a

provided are uses of these 1,4- benzothiazepin
decrease in the level of RyR2-bound FKBP12.6 in(cé,,,su Ject. 10[0020]In yet another aspect, the present
invention provides a method for treating or

(2

wherein R1 = H, OR', SR', NR/, alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring,
and R' = alkyl, aryl, or acyl; wherein R2 = H; alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,
5  alkenyl, or aryl; wherein R4 = H, halide, alkenyl, carboxylic acid, or an alkyl containing O, S,

or N; and whereinm =0, 1, or 2; and

(h) any oxidized form thereof. Also provided are uses of these 1,4-
benzothiazepine derivatives in methods for limiting or preventing a decrease in the level of

RyR2-bound FKBP12.6 in a subject.

10 [0020] In yet another aspect, the present invention provides a method for treating or
preventing a cardiac arrhythmia, heart failure, and/or exercise-induced sudden cardiac death
in a subject, comprising administering a 1,4-benzothiazepine derivative to the subject, in an
amount effective to limit or prevent a decrease in the level of RyR2-bound FKBP12.6 in the

subject, wherein the 1,4-benzothiazepine derivative is selected from the group consisting of:

15 (@)

wherein R = aryl, alkenyl, alkyl, -(CH3),NR';, or -(CH;),.SR',andn=0,1,2,0r3,andR'=

alkyl or cycloalkyl;
Q
MeO. : \/\)N’S(\) N-R
(®) S

wherein R = aryl, alkyl, -(CH;),NR'", or -(CH;),SR', and n =0, 1, 2, or 3, and R' = alkyl or
20 cycloalkyl;



preventing a cardiac arrhythmia, heart failure, and/or exercise-induced sudden cardiac death in a
subject, comprising administering a 1,4-benzothiazepine derivative to the subject, in an amount
effective to limit or prevent a decrease in the level of RyRg2-bound FKBP12.6 in the subject, wherein the
1,4-benzothiazepine derivative is selected from the group consisting of:  wherein R = aryl, alkenyl,
alkyl, -(CH2)nNill2, or -(CH2)"SR', and n =0, 1, 2, or 3, airrl R' = alkyl or cycloalkyl; (b) MeO NaS-N-R

sj 0 wherein R aryl, alkyl, -(CH2),-,NR1%?8 JOXW, and n 0, 1, 2, or 3, and R' = alkyl or
20cycloalkyl; 9 (c) MeO wherein R = CO(CH2)5 , SP2(CH2)(R12, or SO2NH(CH2)nXR'2, and X =

NorS,andn 1, 2, or 3, and R' = alkyl or cycloalkyl; 8ﬁd whereinm =1 or 2;
©) ©rm

wherein R = CO(CH,),XR",, SO,(CH3),XR';, or SO,NH(CH;),XR'";, and X=Nor S,and n =
1, 2, or 3, and R' = alkyl or cycloalkyl; and wherein m = 1 or 2;

5 ()

wherein R = aryl, alkyl, -(CH;),NR';, (CH;),SR',and n=0, 1, 2, or 3, and R' = alkyl or
cycloalkyl; and wherein X = NH or O;

(€) Re

wherein R; = OR', SR', NR', alkyl, or halide, at position 2, 3, 4, or 5 on the pheny! ring, and
10 R'=alkyl, aryl, or H; wherein R; = H, alkyl, or aryl; and wherein R; = H, alkyl, or aryl;

(@)n

®
wherein R1 = H, OR', SR, NR, alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring,
and R' = alkyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,

15 alkenyl, or aryl; wherein m =0, 1, or 2; and whereinn =0 or 1;

X
NN R
T~ S Ry
I R
(O

(®)



5(d) wherein R = aryl, alkyl, -(CHAINR'z, -(CH2),,SR’, and n =0, 1, 2, or 3, and R' = alkyl or cycloalkyl;
and wherein X = NH or 0; (e) wherein R1 = OR', SR', Nit, alkyl, or halide, at position 2, 3, 4, or 5 on
the phenyl ring, and 10R' = alkyl, aryl, or H; wherein R2 = H, alkyl, or aryl; and wherein R3 H, alkyl, or
aryl; (0O wherein R1 = H, OR’, SR', NR’, alkyl, or halide, & position 2, 3, 4, or 5 on the phenyl ring, and
R' = alkyl, aryl, or acyl; wherein R2 =alkyl, alkenyl, or aryl; wherein R3 H, alkyl, 15alkenyl, or aryl,
wherein m = 0, 1, ehéeaRi wHbreRl, SR, N8B!, atkyll Onkbliteiat Risition, 2014, 9RS, ddftie aliepiylaingalide, at
position 2, 3, 4, orga P BRG] Bty A& ULl OLREN DAY RAem s iy laffieny, or

aryl; wherein R3 = H, alkyl, alkenyl, or aryl; wherein R4 = H, r%all e, alkenyl, carboxylic acid, or an alkyl
containing 0, S, ortRfenhPrARdraTReRsin R T Fohalidgn alicsay). sapoitis ASti sQrenisrb smtesing 91 S a
further aspect, theoprespatwhseiinn=ayigdes adnethod for treating or preventing a cardiac arrhythmia,
heart failure, and/or exercise-induced sudden cardiac death in a subject, comprising administering a
1,4-benzothia2epine derivative to the wjsdized Smmmhesesfi effective to treat or prevent the cardiac
arrhythmia, heart failure, and/qr exercise- 10induced sudden cardiac death in the subject, wherein the

1,4-benzothiazepify Harivative e SORTAPREM RIS BUR EBHAIRTRY A5t g 4)ethod for treating or

preventing a cardiac arrhythmia, heart failure, and/or exercise-induced sudden cardiac death

in a subject, comprising administering a 1,4-benzothiazepine derivative to the subject, in an

amount effective to treat or prevent the cardiac arrhythmia, heart failure, and/or exercise-
10 induced sudden cardiac death in the subject, wherein the 1,4-benzothiazepine derivative is

selected from the group consisting of:

() S

wherein R = aryl, alkenyl, alkyl, -(CH;).NR", or (CH;),SR’,and n=0, 1,2, 0r 3,and R'=

alkyl or cycloalkyl;
Q
MeO N SNR
T°
15 (b) S

wherein R = aryl, alkyl, -(CH;),NR',, or -(CH,),SR', and n =0, 1, 2, or 3, and R' = alkyl or

cycloalkyl;
Meom

S
©) (O)m

R

wherein R = CO(CH2),XR'3, SO,(CH2)sXR", or SO;NH(CH;),XR';, and X=Nor S, and n =
20 1,2, 0r3,and R'=alkyl or cycloalkyl; and wherein m = 1 or 2;

(o}

W

MeO. N C-X-R
© )



MeO wherein R = aryl, alkenyl, alkyl, -(CH2)NR'2, or -(CH2)SR', and n =0, 1, 2, or 3, and R' -- alkyl or
cycloalkyl; wherein R = aryl, alkyl, -(CH2)nNiti2, or -(CH2)SR', and n =0, 1, 2, or 3, and R' = alkyl or
cycloalkyl; (c) MeO wherein R = CO(CH2)TOCR'2, S02(CH2VCR12, or SO2NH(CH2)nXR'2, and X
=Nor S, and n =201, 2, or 3, and R' = alkyl or cycloall¢yl; and wherein m =1 or 2; (d) Moo 11
wherein R = aryl, alkyl, -(CH2)nNR12, -(CH2)SR', and n =0, 1, 2, or 3, and R' = alkyl or. cycloalkyl; and
wherein X = NH owl@gre(@ﬁq? aryl, alkyl, -(CH;);NR';, -(CH,),SR', andn =0, 1, 2, or 3, and R' =alkyl of

cycloalkyl; and wherein X =NH or O;

) Re

wherein R; = OR', SR', NR!, alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring, and
5 R'=alkyl, aryl, or H; wherein R, = H, alkyl, or aryl; and wherein R; = H, alkyl, or aryl;

®
wherein R1 = H, OR', SR, NR', alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring,
and R' = alkyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,

10  alkenyl, or aryl, whereinm =0, 1, or 2; and whereinn =0 or 1;

i
"N R,
Ry . ] R,
I Rs
(Om

(2)
wherein R1 = H, OR', SR', NR', alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring,
and R' = alkyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,
15 alkenyl, or aryl; wherein R4 = H, halide, alkenyl, carboxylic acid, or an alkyl containing O, S,

or N; and whereinm = 0, 1, or 2; and

(h) any oxidized form thereof. Also provided are uses of these 1,4-
benzothiazepine derivatives in methods for treating or preventing a cardiac arrthythmia, heart

failure, and/or exercise-induced sudden cardiac death in a subject.

20 [0022] In still another aspect, the present invention provides a method for identifying
an agent for use in treating or preventing atrial fibrillation or heart failure, by: (a) obtaining or

generating a culture of cells containing RyR2; (b) contacting the cells with a candidate agent;



wherein Rl = OR’, SR', NR', alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring, and 5R' = alkyl,
aryl, or H; wherein R2 = H, alkyl, or aryl; and wherein R3 = H, alkyl, or aryl; (0) n NH R2 //R3 (06
wherein R1 = H, OR’, SR', NR', alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring, and R' =
alkyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl2wherein R3 = H, alkyl, 10alkenyl, or aryl;
whereinm =0, 1, or 2; and wherein n =0 or 1; 0 ri-c\-"V-N.AR4 sR2 //R3 (0)m . (g( ) .wherein RI
= H, OR', SW, NV &7 s Rifhs 1 GERBITS canditiossdnon e IBFesAs PRiPacRY#on |%y#}%ry|, or
acyl; wherein R2 inkkiR]kyld alkdetgtminingyf, tichgsainiiits srigreato, aldeatkasayil te dayd] ofifoRdn R4 = H,

hatide, alkenyl, cailaig19.cQh it BlY! SRBIR IS AN MRRIEI B OLidy A1

(h) any oxidized form th Also provided are uses of these 1,4- benzothiazepine derivatives in

methods for treatifé) dsteprinisatihiguasenthasasfehenian ReBIrassngiriedhig/opisxsgaen ibfifeds sudden

cardiac deathsin asguPjresidd0 2047 dpensiideanmibi oy aspaethdbapdastpbintesgan nraviees afmethod for

identifying an agent for use in treatlng‘%gég{ﬁr}tlnga%}rlglrftll?rJLIatlon or heart failure, by: (a) obtaining or

generating a cultUFeBpea spég‘ﬁetlgllﬁ (ab  Con a{]cﬁngaf ie-cells with a candidate agent; 12

[0023] In yet another aspect, the present invention provides a method for identifying
an agent for use in treating or preventing atrial fibrillation or heart failure, by: (a) obtaining or
generating an animal containing RyR2; (b) administering a candidate agent to the animal; (c)
10  exposing the animal to one or more conditions known to increase phosphorylation of RyR2 in
cells; and (d) determining if the agent limits or prevents a decrease in the level of RyR2-
bound FKBP12.6 in the animal. In one embodiment, this method further comprises the step
of: (e) determining if the agent has an effect on an RyR2-associated biological event in the
animal. Also provided are an agent identified by this method, and a use of the agent in

15  methods of treating and preventing atrial fibrillation and heart failure.

[0024] Additional aspects of the present invention will be apparent in view of the

description which follows.

BRIEF DESCRIPTION OF THE FIGURES
(0025] FIG. 1 demonstrates that JTV-519 prevents exercise-induced ventricular
20  arthythmias in FKBP12.6"" mice. (A) Representative ambulatory electrocardiograms of an
untreated FKBP12.6" mouse, an FKBP12.6" mouse treated with JTV-519, and an
FKBP12.6” mouse treated with JTV-519. There were no significant differences in heart rate,
or in any of the measured ECG parameters. (B) upper tracing: Example of sustained
polymorphic ventricular tachycardia, recorded in an untreated FKBP12.6" mouse subjected
25  toexercise testing and injection with 1.0 mg/kg epinephrine. middle tracing: Electro-
cardiogram of a JTV-519-treated FKBP12.6™ mouse following the same protocol; no
arthythmias were detected. bottom tracing: Exercise-induced ventricular tachycardia (VT) in
an FKBP12.6” mouse treated with JTV-519. The dotted line represents 16.31 seconds of VT
that are not shown in the figure. 'P' indicates a P-wave, which is indicative of sinus rhythm
30  following ventricular tachycardia. (C) Bar graph showing quantification of sudden cardiac
death (left), sustained ventricular tachycardias (>10 beats, middle), and non-sustained

ventricular tachycardias (3-10 abnormal beats, right) in FKBP12.6"" and FKBP12.6" mice,



(c) exposing the cells to one or more conditions known to increase phosphorylation of RyR2 in cells;
and (d) determining if the agent limits or prevents a decrease in the level of RyR2- bound FKBP12.6 in
the cells. In one embodiment, this method further comprises the step of: (e) determining if the agent
has an effect on an RyR2-associated biological event ini3he cells. 5Also provided are an agent
identified by this method, and a use of the agent in methods of treating and preventing atrial fibrillation

and heart failure. 40B259HeJ et BoidtPRed i Ml Dreseat vabe dtishePrRadeied b F8EPR identifying
an agent for use i HEALNG 1OF PreMeRINg A dibiRIatan e parpHiaibiiedueyd @hgtikaining or generating
an animal containj ;. (b) administeri idate agent to the.animal: ing the
animal to one or rrgio%elggé%it{l%)ﬁ% eﬁéﬁ@?&cﬁé%@qﬁ pﬁ%t)s6%%?Wg%fg(r?%ﬁhlyﬁrﬁtéggﬁfggﬁd)g
determining if the migertt rdfsond BYelHhtrsaicd F&BRER G hieel valsdismemRetingdhmd PkEB12.6 in the
animal. In one embosimentniimMeios Mahesa0MPRBeS Lae- SRR BY telndaiprriBing ¢ the agent has
an effect on an RyR2-associated biological event in the animal. Also provided are an agent identified by
this method, and YR of the agent in 15methods of treating and preventing atrial fibrillation and heart
failure. [0024]Add{tignal aspe t {n ' ' TRY! ription
which follows. BRIDE DL CRIRTIOR S T L b e 610
prevents exercisetftdidadinaersieg e 2BaithgfFRBR o BrR2 b FRBRIS (Ayiree SfBa ertins
ambulatory electrogaksling [3paststs aryROIIRaie iniit Bipredifitc MRUEER PRO FIEBRLAK®)- Siiae treated
with JTV-519, and an FKBP12.64- moyse treated with JTV:519. There.were no signifi ifferences
in heart rate,18r in%%%u oé’][ﬁ%seg\s)uar'é%%éré@%gé & é?ssqnfg)g ltj%p%lra rté%?ﬂeﬁ' %f?ngpﬁgyﬁkg%ned
polymorphic ventribasaheadspd RyRa, (RaRFaSerTh antibathdatod FNEELS B-ilhbne SFEHIE2Ed)25t0
exercise testing apguinieghpmWiIhEQ makaBpingPhyie: RIe srsioss, Hagumaagdiagtar of a
JTV-519-treated FKBP12.6+/- mouse following the same protocol; no arrhythmias were det%fted.

bottom tracing: ExX&heem-theieRserce erpessnse edHycaldidetoer) i bn FICE AT CoRbie rddtad with
JTV-519. The dottdd KBE I2prie sssotsald. 31tisRgRAGSRKBPT 24t mie:nBoBbwing dretbiseftestiteg, WBeindicates
a P-wave, which is indjcati ' 3Ofallow| ' -ardi raph
showing qua%gtcificgﬁgﬁﬁg?gﬁ errTd &;’%{%&g@ﬁ@%@%ﬁéﬂf S%\L/%%Etrﬁ%%?éxrg %ﬁg&?gg%égq(rglo beats,

middle), and non-EXBRIR&] veisesibulidtissenidcsrresyedby creasmerhdihBafss MyHY iR Haing!s 64/ and

FICBP12.64" micghadBithet tscniadin wiatteabeahvd i ilbhWnd tRertasResiitedind bpsiuichbe noted that
treatment

injection. Shown are channels from FKBP12.6"" mice, with and without pre-treatment with
JTV-519, and channels from FKBP12.6” mice following JTV-519 pre-treatment, It should

20  be noted that RyR2-channel function was normalized in the exercised FKBP12.6"" mouse
treated with JTV-519. The representative single channel from an exercised FKBP12.6™
mouse after JTV-519 treatment shows that FKBP12.6 in the heart is required for the action of
JTV-519. The dotted lines represent incomplete channel openings, or 'subconductance’
openings, and are indicative of FKBP12.6-depleted RyR2 channels. Tracings on the left

25  represent 5.0 sec, while tracings on the right represent 500 msec. In the figure, Po = open
probability; To = average open times; Tc = average closed times; and ¢ = closed state of the
channel. (D) Summary bar graph showing average open probabilities of single RyR2
channels (see above). JTV-519 dramatically reduces the open probability of RyR2 from

FKBP12.6"" mice following exercise testing at diastolic calcium concentrations (150 nM).

30 [0027] FIG. 3 illustrates that JTV-519 normalizes RyR2-channel gating by increasing
FKBP12.6 binding affinity to PKA-phosphorylated RyR2 channels. (A, B) Canine cardiac

SR membranes (A) and recombinantly-expressed RyR2 channels (B) were prepared as



with JTV-519 completely prevented exercise- and epinephrine-induced arrhythmias in FKBP12,6+1"
mice treated with JTV-519 (n = 9), as compared with untreated FKBP12.6+1" mice (n = 10) or
JTV-519-treated FKBP12.64" mice (n = 5), suggesting that JTV-519 5prevents arrhythmias and sudden
death in FKBP12.6+1" mice by rebinding FKBP12.6 to RyR2. 100261FIG. 2 shows that JTV-519
prevents exercise-induced sudden cardiac death (SCD) by increasing the affinity of FICBP12.6 for
RYR?2 in FKBP12.8dséribéderéAioBilCiialias eyan Effassietepios (RyR2Inadine invaptan§iaEtipltased using
RyR2-8029 antibogiy, Showdh KA4e MUNSPLOR. a0 bt @iapheafRlysmiieniaghe uantiied
pnosp

amounts of RyR2, orylated RyR2 (RyR2-pSer2809 antibody), and FKBP12.6 in wild-type
(FICBP12.6+1+) rifeB2iEveesrrhosphorpiates withy shytiszsubiHEARL R iFRa fdrmBige! GhidSollowing
exercise, either inth@AhEB))GEtHE PeRsRaR sdicd FF1 PESPRGIBIRY PUNIe ingsidsphonditions, -70% of

FKBP12.6 is associated wi in.F 61./..mic lowing.exercise testing, the 15amount of
FKBP12.6 aszsts)ciagtlé?gﬂzﬁﬁnﬁ(?é§é2?gglrﬁr% eéi&?&@m%ﬁiﬁf@%ecrégge%% éemglz&%%l mice, but
this could be rescoenrifyeadatif9if0fxta HTVO B0, (10)WRsIRS thieefameh niveidazota buSen&t8aYbm hearts

obtained folIowinq&m%ﬁﬁpﬁ%@n&&egﬁmnﬁmifmamﬂgp1%1%91 bachannsls rammBR12.6+i
mice, with and without pre-treatment with .ITV-519, and channels from FICBP12.64" mice_ following

JTV-519 pre-treatATast. 9 tBASMRISH Bhs SRsenes & proreace AL AR O ARRAL MerhiZN 2 in the
exercised FICBP1&fe+4 60neinsadibaied seitipldsivezkentfifiggee pré6e i@t \weiainlmohanheidhodn an

exercised FIGBP1E. 1) %?&%%19%&56%%& Licament shashalifisBR LGSt Riig ags required

for the action of JTV-519. The dotted lines r gresent Incomplete channel openings, or ‘Subconductance

openings, and arePihdialawioblete s Seddhiaes e M ehpariaemedr P ey B AR IEPEd Srepresent
5.0 sec, while traginga-anathe HHK sy BERIM D20 HsRGedRAtBASViIEURE cHevmORRAsPEalatIlity; To =

average open times; Tc = average closed times; and ¢ = ¢lo state of tk@&}? l. (D), Summary bar
graph showing avzryga%d]onﬁéﬁce %@at%‘il%‘é% 0 eé’i"‘rié%aq y 'Z%Ch%&n%)él‘g@eagtﬁ ove '3 ?fi?ﬁgggydramatically
reduces the open @rbbediknd ohiRRRB2FA029 EiiBERYA 163:000)i cCErfoll guvirigrasesteites thaitidy <t Biastolic

caleium concgraliggsERBIMY, AHHANRT o P isSiRisRileR \OERl%e 300 YRE-channel
gating by increasing FKBP12.6 blndlag affinity to P A-éphos hor%/ ated RyR2 channels. (A, B) Canine
&

cardiac SR memb?¥RREEASiRe AL QRTNA 9 {BA Ry SERP B ey i ghamie i By M- & repared as 14
described previousiystitiaftaly 81oA ;ghbigtisyoited FyRY charmalsy §0 )i RmgkedntorGades) sielemge
increased open probability of RyR2 following PKA phosphorylation (D), as compared with
PKA phosphorylation in the presence of the specific PKA inhibitor, PKIs.24 (C). Single-
20  channel function was normalized in PKA-phosphorylated RyR2 incubated with FKBP12.6 in
the presence of JTV-519 (E). Channel openings are upward, the dash indicates the level of

full openings (4 pA), and the letter 'c' indicates the closed state. Channels are shown at
compressed (5 sec, upper tracing) and expanded (500 msec, lower tracing) time scales, and
recordings are at 0 mV, Amplitude histograms (right) revealed increased activity and

25  subconductance openings in PKA-phosphorylated RyR2, but not following treatment with
JTV-519 and FKBP12.6. (F) Normalized plot of open probability as a function of cytosolic
[Ca®]. Incubation of PKA-phosphorylated RyR2 with FKBP12.6 in the presence of JTV-519
shifted the Ca®*-dependence of RyR2 activation towards the right, making it similar to the

Ca”-dependence of unphosphorylated channels.

30 [0028] FIG. 4 shows that JTV-519 improves cardiac contractility in a rat model of
heart failure. (A) Myocardial diastolic cross-sectional area was determined at mid-papillary

levels using echocardiography, before and after a 4-week treatment with JTV-519 or vehicle



channels from cardiac muscle. Circ. Res., 78:990-97, 1996). (A) Ryanodine receptors (RyR2) were
phosphorylated with PKA catalytic subunit (40 U, Sigma Chemical Co., St. Louis, MO), in the presence
or absence of the PKA inhibitor, PIC.1544, in phosphorylation 5 buffer (8 mM MgC12, 10 inM EGTA,
and 50 rriM Tris/PIPES; pH 6.8). Samples were centrifuged at 100,000x g for 10 mm, and washed
three times in imidazole buffer (10 mM imidazole; pH 7). Recombinantly-expressed FKBP12.6 (final
concentration = 2GonRI). We e itsisedn diptolicityshmetionorrs BB LEVs? WiriPent
concentrations of ATNeGsk%yAbRE RAATH bIRRHRAIA EARMABMIBIACETNISIgSIEEEAHA000x g for 10
mm, and washed. 10twice In imidazole buffer, Samples were heated.t C sjze-fractionated using
SDS- PAGE. |mrﬁﬁ%%ﬂ§?6ﬁf?ﬁé°q§?dﬁ%\‘é° RS °°e%‘%\‘}‘szla'§“6é°r 8P§¢%°3f'§dsgp?}%%r%%q§§%§bribed

(Jayaraman et al,gh}§306 bindifg prRIRinGSERUAISTWENY hiecal umEsiRssEahRNs LpaRagine
receptor). J. Biol. Chem., 267:9474-77, 1992), with anti-FKBP12.6 antibody (1:1,000) and
anti-RyR2-5029 M%Wfi‘?@fﬂbﬁﬁ.Wﬁe%ﬂ‘?ﬂ%&?ﬁ@ﬂ%&f&y ﬁ?a?ﬁ‘?\%%ﬁ'ﬁ}(i%‘éﬂﬁ'&gg FKBP12.6 to bind
to: (A) PKA-phospho8yatEshRyiap (Darkepieisniniy ainifiéhoivbitc o phetbabitaihg (8 $800thM) or (B)
RyR2 26090 muRLe AR NG AIE FOPRY Nl R RPRerMRla Ru3P chasnals. (C-F)

Single-channel studies sohowms iIncreased open probability of RyRZ following PICA phosphorylation
(D), as comparedGKBPPICABrrgiihenyndtio iR 1R2 v heckiberent srrpamgnidigrownt AnRsABifaNuIeL (15-24
(C). Single- 20 chayyoelsfupsiiRtmyRRyBORGIFSE Iitdd K APRROEDhefY| 3Bl IRYRE theishrtesbiih
FKBP12.6 in the pres%nce of JTV-§8 ﬁ Channil olge]nin@s. argtu art(rzlri the ctlﬁjfl\'}rjﬂigates the level
of full openirds (F38° BAFHRHRL O heshanoe comples (P g0 chsAmISR St A8 *at compressed
(5 sec, upper traciesghtehid expaiidetfsH0athRICA ipheephvadatigh tiates SEREE 2 aasdvedlows Bkl ke at 0 mV.
Amplitude histogrignas, (rig k) e VeRleH I FASGHRAGIMY oRdicrst ROQRIUGIRO6 DRENNGRIA,
PKA-phosphorylated RyR2, but not following treatment with JTV-519 and FKBP12.6. (F) Normalized
plot of open probﬁﬁiﬁt?rgass Iéﬁ*’uﬁc\ﬁ“éﬁgo‘fscﬁ%solic [Ca2+]. Incubation of PKA-phosphorylated RyR2 with
FKBP12.6 in the nce ofJTV- shifted th -depende f RyR2 activation.towards the
right, making it sim@?to the é@fﬁﬁ‘ﬁgﬁ sengé?(gfggﬁghn&%ﬁ@%ﬂaq{é%%%gﬁéI%ﬁgg[gbqgglfé10.4 shows
that JTV-5193mphesitss BaRfabavosly sstitiiyolated fremddnt-erferased ( sham or hearivipiessrdif) sitistolic
cross-sectional afgaM@sARICHRINChAHRIdPARY Bow Bt is oM. aRIQFRAPRBAR Y (RBfRES and after a

4-week treatment with JTV-519 or vehicle 15 (contr_olg. The relative increase in diastolic Z sSunction
was inhibited by FEUEsPEYycrepRsLIg AL RE SRET R FREEIT 0B SPBPATEY YA h SR - EREHC AT ‘%/ép JTV-519
significantly incre@satnsystdheadtHiotion mmm-mygﬁwfﬁiahtmwksﬁmm@tzsﬂmanhelamdmilure rats.
[0029]FIG. 5 de%@%ﬁﬂ@éff@&e@éﬁ%‘% PEIER%E IR Grli R # &) AN R AR Gpif e

heart-failure rats. Equiva Ipi
20

nt amounts of RyR2 were immunoprecipitated using .
trace represents 5000 ms, and the bottom trace represents 200 ms. Channel openings are

upward, the dash indicates the full level of channel opening (4 pA), and 'c' indicates the
closed state of the channels. Amplitude histograms (right) revealed increased Po and

subconductance openings in RyR2 channels from failing hearts.

[0031] FIG. 7 demonstrates that JTV-519 normalizes RyR2 channel gating by

25  increasing FKBP12.6 (calstabin2) binding to RyR2 channels. (A) Wild-type RyR2 (RyR2-
WT) channels were PKA phosphorylated in the absence or presence of the specific PKA
inhibitor PKIs.,4, then incubated with calstabin2 (FKBP12.6) in the presence of JTV-519 at
the indicated concentrations. The RyR2 immunoblot shows equal amounts of RyR2 in the
samples; the calstabin2 immunoblot shows that JTV-519 enabled partial (100 nM) or

30  complete (1000 nM) rebinding of calstabin2 to PKA-phosphorylated RyR2. (B) RyR2-
$2809D, which mimics constitutively-PKA-phosphorylated RyR2, was incubated with
calstabin2 in the presence of the indicated concentrations of JTV-519. The RyR2



anti-RyR2 antibody (A). Representative immunoblots (A) and bar graphs (B) show the amount of PICA
phosphorylation of RyR2 at Ser2809 (B, left) and the amount of calstabin2 (FKBP12.6) (B, right) bound
to RyR2 in the different experimental groups. In heart failure, RyR2 is significantly hyperphosphorylated
by PICA (B, left), which leads to dissociation of 10calstdbin2 (FKBP12.6) from the channel complex (B,
right). Treatment with JTV-519 resulted in normalization of both PKA-phosphorylation status of RyR2,

as well as FKBP1mawiablirighewrymual aneups afifoldrietssomelaisthe tadimnpERbleshewsos, HEF
\és. I%s;\arrl:\; #P |< 0.t WE%&%@@/&&&E&E@@?@&E%&BM&W@Q@@ iﬂh@tdré]?'i\{d%%fmm@&d (sham)
YRZ-Channel gain | . nnejs were isolat rom -operated (sham) or
heart-failure (HF)Br‘ %i.%e%érge}%eﬁgﬁwﬁﬁ%}égﬁgﬁﬁé% té?gl |'ﬁ§§us OW That &gyﬁgﬁ?ﬁ% ac?ﬁsen
probability (Po) whindiigfiaintlyf wma@@aqamm@%mbmMé)@mﬁaﬁ@ﬂm\mnt@ham-operatgq
rats (top). Tres'ﬂmaﬁm&@ﬁ?gﬁ@u%‘aﬂﬁmm‘;&%%I%/.la'ﬁ&%ﬂ%fawmﬁﬁwmadﬁ.@g shgrnglaren probability

to levels similar to those of sham-operated animals. For each condition, the upper 20trace represents
5000 ms, and theSBuifsithevdiet EpYasehis Wabrefucee hsonet Biobahifiy e Bﬁé\ig?d?wlﬂ’égﬁt?ﬂdicates
the full level of chryRe!WDeRiRGi(AipdYak@bing diweies[Td Tlaser atb;ef the eidynets 3Aeaplitude
histograms (right) tevealed.increased Po an bcondugctance openings i R2 channels from failing
noarts, [00SLIFIC 7 ORI SPATB s, RUr T e S BT oF i R O
FKBP12.6 (calstadifZ) ifientey tes RgRe wiianhie changls dipplitry Ristogrgme (nght) rekeahnels were PICA
phlc)spg_ogfl(c':gﬁ% glﬂgl%@&ﬁ%‘_ m@ﬁme%@rcst)yagﬁgmiﬁgﬂ&ﬁ&sﬁg&wg@ @&@:%sfﬁ?ﬁéﬂc;gated with
calstabin .6) in resence ofJTV- the indicated conc ions. The Ry

immunoblot showébéﬁl‘ﬁ%q é??ﬁoo ABSTSIRSR I ?I—‘fré/ g&%@g’ﬁ[ﬁ‘é‘}éﬁﬁf@bﬁgﬁ@ﬂa’gbIot shows that
Do enabied e, (100 B STEAGRTREAS L ABMUEhR g A SPIARRRIO (s

PICA-phosphorylated RyR2. (B R R2- 52809D,"which mimics constitutively-PKA-p osprzorylated
RyR2, was incub&teRAies ExRtBenresiniaisd Braseresyronbsminicetiet]wn RBhaadishesRiorristeho. The

RyR2 16 immuneatptreovis gidalisnasiiitoabiryipRate (enspyn Bl@stidne CRksAalg ih pirnoblot shows
that JTV-519 enables parti 0Q nM),or complete (1000 nivi) rebinding, of calsiahjn2 to RyR2-S2809D.
(©) [358]-Ia§(§edc@é’i'g{%%?@l]é%]ﬁ%%ﬁ%e &’P\?Bqé@h%"vx?’%ha?&%-@ m’EPé’Bese‘%‘b'?h% i}r% inity of calstabin2
to PICA-phosphonyatenidiegm2r somipoyR2rSas08munenteaipiBeehwite By R3 frdavatrisbBRoarbble to

non-phosphoryla i%@ﬁ\é\ﬁw@a@aﬁgﬁd{%ﬁhﬁ%%kﬁ%ﬂiﬁépr‘é}%aftﬁw&if)\{ﬁﬁ .(WeMQg?%qyceS the

open probability (Po) of PICA-phospho ed RyR2-WT by rebinding calstabin2 at 150 TIM [Ca21 (n =

11 for D; n = 12 fGPTHEOhTEPIeseRS} sapiesdmmunspieripited it snthertihlockedryithibatatiasiicrull level of
channel opening épAidg, enCalstaslicERBRe2dDsasstatmmohdprapitnabisi RyRItRde histograms (right)

reveal 10inc 8aseigi PQ and ubcon(gfgvct@y ings in.PKA-ph s[%gor lated F%/ : thig was not
. - 1 )
observed foéowmg ?rregt%zgr?fwﬁ?‘lnﬁ - Egﬁ (ﬁoﬁ‘%%%%%ngﬁlssra%?rﬁ ? %’%ﬁ%}”‘[ F1G8 illustrates
the RyR2 macroritsisaosand shipres 9hRitHaPidsphosphgrylation caused dissociation of calstabin2
(FKBP12.6) from the channel complex, in a manner inhibited by PKI. +Cont. (CSR) = atrial
SR; +Cont. (FKBP) = recombinant FKBP; -Cont. = IP performed with antibody pre-absorbed

with antigenic peptide

25 [0033] FIG. 9 shows PKA-hyperphosphorylation of RyR2 in atrial fibrillation (AF).
(A) Immunoprecipitated (IP) RyR2 from control animals (Control; n = 6) and dogs with atrial
fibrillation (A Fib; n = 6) was phosphorylated with PKA. For back-phosphorylation
experiments, immunoblotting for RyR2 was performed in parallel, in order to determine the
amount of RyR2 protein that was immunoprecipitated in each sample. The bar graph on the

30 left represents a quantification of the back-phosphorylation studies. Values represent the
relative degrees of PKA phosphorylation of RyR2, adjusted for the amount of

immunoprecipitated protein. Dogs with AF showed a 130% increase in PKA



RyR2 was immunoprecipitated from atrial sarcoplasmic reticulum (SR), and phosphorylated with PICA
or cyclic adenosine monophosphate (CAMP). Addition of PKA inhibitor (PM) 15completely blocked the
phosphorylation reaction. (B) Components of the RyR2 macromolecular complex were
co-immunoprecipitated with RyR2 from atrial SR. The positive control was atrial SR (with 50% of

immunoprecipitatigRdspRorfRiE, Iﬂ%rﬂﬁﬂédi‘dﬁtﬁ@mﬁbhsr?rp%ﬁiﬂt&}samme‘&immmnap#&nﬁoﬂﬁt(’.‘d with
antibody blocked with the g ngﬁg % 08 t|de %ﬂ Calstabin2 IlgE}%léfi)l;\/vracs co- ,'n”J%“PQ %I itated
with RyR2 from atff3IS8R" 51938 55 HREHARRSEC IR NCE- samples were p 2B) phorylated
with PICA in the pnegmnenmdnabmnwelgfMymwsmdsmmaﬂldamedmaﬂm e calstabin2

(FKBP12.6) from the chagiel e ppla 42 3/ anRshdpRIa p%ieaxframeammpkc&ﬁama%h% +Cont,
(FICI3P) = recombinant FICBP; -Cont. = |P performed with antibody. ﬁre absorbed wit (intlgenlc

peptide 25[0033]F 1. r@@f%ﬂ'@%ﬁﬂ%&%’ﬁ‘a&ﬁﬁ B15 FRrBImUR R PR AN ST RSN B (A)
Immunoprecipitatedpd3grri nfiam e0alselbadIiFXIBRC06)o!mmufparipilags withRyR latprstistion (A

Fib; n = 6) was ph?srgporynateg 1lxt]tl]m BICﬁecﬁfg p%c < ef}ﬁsp;h]o% g@pgl@}%mémgggwmttmg for

RyR2 was performed In parallel, in or eternine the amount RyRZ2 protein that Wwas

|mmunopreC|p|tatedl%/@b%ﬁ%d@pteawhe/‘tfasiogﬁaiﬁ@mptﬁed%Féff%trfﬂé&énté orreatraifcation oF the

back-phosphorylatign %@%)V@y%remwesﬂ@@oﬁmmgﬁgmsp%m wngsRiy Ean of RyR2,
adjusted for the amount of immunoprecipit Téed, rotein. s with ﬁeF S (%IJ‘EO% [ crease in PICA
17 phosphorytiofisss BSm paveRs it EBH? Pglﬁﬁ"o%l% t:uﬁg_og 5 000t *Calstabin2

FBhESI
(FICBPI2.6) was cnﬂmhmsmaofwecnattmedwﬁthdﬁyﬂﬁeaﬁmK@mmmﬁémrébphatwmpbméhméhts an

mmunoblot for RY(33.0a SN0 AU Shl ANBIO SRR RINE. N AIAUAPA IR rgrein thax

was |mmunopreC|p|tated from each sample. The bar graph on 5the right represents a quantlflcatlon of

the co-immunopretlgratisragieh Fﬂ%rﬁ@sﬁ)’&ﬂ@é‘?@’;ﬂ%@‘é’?ﬁaﬂﬁg WithsoRrels safnd FiBP $5%)
co-immunoprecipiéagolyif=Ryi82). anjusae@r&phmamgwrbp}fesmwmpmmwatm&p(ﬁMJm)istabinz

(FICBP12.6) ndlngFlto F%Fé% %%Ot\fz\%% %x?]%fl?nﬁcal Su%% I|1rs1 Aﬁ] %QS%OQV% FoqyRa d%d é/géiéhl I%:%trols (n =6 for

controls; n = 7 for AF B eries or experiments was performed using human
atrial 10tissue frornpatéafsakiubing EKBR Robbewnd e Rty of fahtidioe 3LoFntessy and atrial
tissue from patieniggyithy normal hearts (Control; n = 3). The bar graph on the left represents a
guantification of the back-phosphorylation studies. Humans with AF showed a 112% increase in PICA
phosphorylation, g#t3aparedRidhl0dhisalisdgatered®yRI-thahel Rifiotidnonthdl; RAFTdHXesFhenbar

araph on the ot LSS, Rk Ab ARG CIRRRIGRMS S pIM RPree RiteD axperiments

Humans with AF s owe a 70% decrease in the amount o stabin2 (FKBP12.6) bound to RyR2 (ri =
5 for A Fib; n22 3 fie dghitpbte Frécesmﬂ?y qonesaandios W?ﬂugﬁa{&dah&%ﬂw Ban&@Phsnction in

AF. (A) Top trace%mwam@ma&rﬁan5&Ryﬂ%&sﬂmb&ﬁ&m&e&a&r@ @eemgt(pkg ft?wmawg& are AF
channels. To 20 t 51 éf)estgve} eg are the. &rl;eﬁg) d&a Iy ggram a% Bar
graphs show qua ca ioN O pen proBa'lglFEl/ﬁ 51 que y ch enl ;ror cotrd 0gs
(Cont.) and dogs vlllthltahnehlﬁtatrihtcﬁmmlaingn Yaré-sn)digd. &E’ramwﬁmrﬂlswﬂﬁm degyslidingt
demonstrate increased activity. In contrast, 15 of 17 channels (88%) from A Fib dogs
25  showed significantly increased open probability (AF: 0.39 £+ 0.07; control: 0.009 + 0.002; P <
0.001) and gating frequency (AF: 21.9 4.6 s; control: 1.6 £ 0.6 s™'; P < 0.002).

[0035]) FIG. 11 demonstrates that treatment with JTV-519 restores normal RyR2
function in AF. (A) Representative traces of single RyR2 channels from dog hearts, at a
cytosolic Ca?* concentration of 150 nM (as occurs during diastole) and in the presence of
30 0.25 mM calstabin2 (FKBP12.6), demonstrate significantly increased open probability (Po)
and gating frequency after PKA phosphorylation {(control: Po = 0.3 + 0.2 %, n = 6; PKA: Po
=148+3.2%,n=7, P<0.001). Asseen ata higher time resolution in the lower trace, and



11 channels from 5 control dogs, were studied. Channels from the control dogs did not demonstrate
increased activity. In contrast, 15 of 17 channels (88%) from A Fib dogs 25showed significantly
increased open probability (AF; 0.39 0.07; control: 0.008g 0.002; PC 0.001) and gating frequency (AF:
21.9 4.6 s1; control: 1.6 0.6 s'l; Pc 0.002). [0035)FIG. 11 demonstrates that treatment with JTV-519

restores norrnal RifRE: ilhpbinnhistéddrartA e phegehotaiivieri ke RO frainitd énRy izl opemingsls from dog
o o iR BRRE RGN o LGN (R pecinfl (RRsHaae)E) Addn fagproence of

30 0.25 mM calst emonstrate signi |canty mcreased Op€en pro abl ity (Po) and
gating frequency ZR&2P IEX-phbSphanikisskredshamielpetivity of DKAsRheirbeyisledRyB3 a7 B83.296, n

= 7; Pc 0.001). Asssgenat 2d)ighey. tomg sesshipinn ideKavraaegRaNArt 3 in she Alanedihlistogram,
PKA phospho ylatlon of R R2 resuits gt‘g%ﬁi al o enF&[;zgﬁ:j subconductance s atel'sa)aty at L qre ob§erved

when calstabin2 Rggiﬁ gf?éigng 8 tlo §T9a(slsff R/lljnl%st re s

Hahie activity of
PICA- phosphoryIaQMIRBSRZP(P@PBOan Eﬂ%mcs @qm@mw mecord 38Pausesithe fpeptivebathel RyR2;

JTV-519 also resuledn@cingielrgbyrenharRlindesRRUIEH G Y9N aTeaRARY I
n msec,

unphosphorylated control channels. The up ﬁwcdand lower traces represent 5000 msec and 200

respectively: the doedsiadicaedhyidbabarnybe dotafdinghindhe fryvangress ndisainh bR BfRY&Fd deflections
to 4 pA level, as |nﬁlmateﬁehmgbe(@ﬂ&cﬂiﬁbdﬁﬁedlhtaemrmmmwer ﬂma&:lmbdat&ﬁl%steps of partial

openings. (B) RecompankaRgkING (RKBELROL AR eURer il Bin bcaRphasRlnpd RR2

in the presence o |azep|ne erlvatlve J muno ottlng with

anti-calstabin2 anﬁﬂ)%dgmrevw@@mm%wsamémmﬁmtbaqé%ﬁlé) @tire@12.6) to bind to

PKA-phosphorylatgebRyiRat Mﬂﬂ&ﬁb%ﬁ@?&f@'wbﬁﬁ% PRI ALPRIBHBHRRE R 701066 UbsdROIBLFIG.
12 shows that nO\ﬁJ(YL é) 70 hl%zgeﬁ) % |vat|ves induce binding of 15calstabin2 (FICBP12.6) to
PKA-phosphorylated c diECRARLAIRE &%roﬁ&VRZ) at 0.5 nM. upper panel = 2.0 nM of each

compounds; Iowerdag@]e I=0. 513'1'&4 Pj %ﬁﬂ &QMBQHHQIQQQZJIE llg\%pilr% 35%%1%&%& binding of

1,4- benzothlazeplne derivative, 536 ( de§|cted inF tfg prevents cardiac arrhythmias in"mice at 200
b

M. The bar braplalfRReLEERERIEN i E%PRQSBP%'& 2digi B rRdine GerRtey Bkl 99y in

FKBP12.6+/- miceippéituss] witlioni1 20 dittg dsppbmeis! iasetpditated sTive detagiiaphplusdrates sudden
cardiac death; the middle graph illustrates sustained VT; and the right graph illustrates non-sustained

VT. Numbers refel0f3The total HGmBeshows Hishtils Libbenaetbiactpipodgsivative, S36 (depicted in FIG.
15), prevents cardiac arrhythmias in mice at 200 nM. The bar graphs illustrate arrhythmic

events or sudden cardiac death during exercise testing in FKBP12.6"" mice — with or without
20  drug treatment, as indicated. The left graph illustrates sudden cardiac death; the middle graph
illustrates sustained VT; and the right graph illustrates non-sustained VT. Numbers refer to

the total number of animals used in each group.

[0038] FIG. 14 demonstrates that JTV-519 improves cardiac contractility in a rat

model of heart failure.

25 [0039] FIG. 15 shows the structures of the derivatives.

DETAILED DESCRIPTION OF THE INVENTION
[0040] Phosphorylation of cardiac RyR2 by protein kinase (PKA) is an important part
of the "fight or flight" response; it increases cardiac EC-coupling gain by augmenting the
amount of Ca?* released for a given trigger (Marks, A.R., Cardiac intracellular calcium
30 release channels: role in heart failure. Circ. Res., 87:8-11, 2000). This signaling pathway

provides a mechanism by which activation of the sympathetic nervous system, in response to



100381FIG. 14 demonstrates that JTV-519 improves cardiac contractility in a rat model of heart failure.
25100391FIG. 15 shows the structures of the derivatives. DETAILED DESCRIPTION OF THE
INVENTION 100401Phosphorylation of cardiac RyR2 bygprotein kinase (PICA) is an important part of
the "fight or flight" response; it increases cardiac EC-coupling gain by augmenting the amount of Ca2+
released for a givetietiggauightaiiscAeR cafdaxdiagpimtegaird la maslichemaabelzakenehdsifdis: role in heart

failure. Circ. Res. 34843, 2000y, s AL ARIMHL P55 @ MESIAIS Y WE Agtivation of
the sympathetic nervous ystem,‘ﬁl respon%e to 19 stress, results In increased cardiac output required
to meet the metaSoRBYRE ¥5HEE Gf tdiBaten Ssprsirin SupOdendifY BFc EepsrATPRE4 S 1- and
132-adrenergic regrptofSeaAssiNatfoasisHoHa BYSANP) isvalss Whidlaiory /- e AMPEassndele PXIN. cyclase
increases intracellylar cyclic adenosi nophosphate (CAMP) levels, which activate the .
CAMP-depen ent%@?ﬂg%ﬁatﬁ%%ﬁéﬁ&%@fg Ig’f;ﬁ Pn%rloe%kéleﬁgytﬂ%%epceﬁnﬁfgéﬁdtﬁfg%afti% channel
by dissociating catststitin2 (FKBPZZ?.BMmﬂ?eth@Mmebmnﬂé){inﬁhm, incteases ithcmasiégithef sensitivity
of RyR2 to Ca24-gerendert-aptivalion Ldeid @aid NOPARERION fop di@iaR ik netgnoef the

calcium release channel of sarcoplasmic reticulum from cardiac muscle. J. Biot Chem., 270:2074-81,
1995; Valdivia et 41° AP IeisERtAMS] eERIREIATRIGI I B8t Far it MutfilfatidHaby e and
phosphorylation. 3viea00e,86 79899V R0 ¢A89 Rapibiidaptation BICAdMasphuddivitaitosp@issociates
FICBP12.6 from the calcium release nnel (iyanodine recepiors ¢ ti egklation indailing hearts.
Cell, 101:365- 638@33?8@1%&%89}3&?% é%%.?'iég [l)ea’lltclg’n%g\avl%%ﬁ?e@rﬁt’%%l??eg}{;ar%é?naénﬁél models

of heart failure) ahespiieadasionalissagiateh IRRIA® &vadhe pleivrbiciaese olasns] (@riecdifSeradrenergic

15stimulation (Brigieum&t - aleféegeé eandicatRENRIRMERsSERB Vit e1dsbegaoadrenergic-receptor density
in failing human hearts. N. Engl. J Med., 307:205-11, 1982). The pathogenic significance of this
stimulation in heal®@dllure is stppogtbchits/(&xerayettusyabdgatithatcmdracsenzd modesaridregit

stimulation and lefigppiriaseRRIdnk walksiRos AR BolRR U R RRRdRmRdeling

(Barbone et al., Comparison of right and left ventricular 20responses to left ventricular assist device
support in patfentSiti e ETESRYA fhHlRSTRSA AT ObIBIBE SRRt Rl BRIRAMRFRS SIfTEPRARG reverse
remodeling. Circudahigity, ih Gst1mgQrutian BO&Hs, Kighgdn g, Borsios,1Vedszal therpalidganidmprove the

Circutaton, 902208 B RaR h RE r1an racan o SrRte Rt st R o i
the activation  decrease beta-adrenergic stimulation and left ventricular myocardial wall stress, and potently
reverse ventricular remodeling (Barbone et al., Comparison of right and left ventricular
20  responses to left ventricular assist device support in patients with severe heart failure: a
primary role of mechanical unloading underlying reverse remodeling. Circulation, 104:670-
75, 2001; Eichhorn and Bristow, Medical therapy can improve the biological properties of the
chronically failing heart. A new era in the treatment of heart failure, Circulation, 94:2285-96,
1996). In heart failure, chronic beta-adrenergic stimulation is associated with the activation
25  of beta-adrenergic receptors in the heart, which, through coupling with G-proteins, activate
adenylyl cyclase and thereby increase intracellular cAMP concentration. cAMP activates
cAMP-dependent PKA, which has been shown to induce hyperphosphorylation of RyR2.
Thus, chronic heart failure is a chronic hyperadrenergic state (Chidsey et al., Augmentation
of plasma norepinephrine response to exercise in patients with congestive heart failure. N.
30 Engl J. Med., 267:650, 1962) that results in several pathologic consequences, including PKA
hyperphosphorylation of RyR2 (Marx et al., PKA phosphorylation dissociates FKBP12.6



250f beta-adrenergic receptors in the heart, which, through coupling with G-proteins, activate adenylyl
cyclase and thereby increase intracellular cAMP concentration. cCAMP activates cAMP-dependent
PICA, which has been shown to induce hyperphosphorglgtion of RyR2. Thus, chronic heart failure is a
chronic hyperadrenergic state (Chidsey et al., Augmentation of plasma norepinephrine response to
exercise in patienggowithecangantiviedse sitiadiLegalNdiad EEoghtod): Nidetti R6EfbBioh 96 Rilihgheasults in

several pathologic conseq Hﬁ' ipcluding PICA hyperphosphorylation of RyR2 (Marx et at , PICA
phosphorylation dlcs%%c@t'es %%)@36 20 from the calcium release channel (ryanodine receptor):

defective regulatic[ﬁoi&failing hg@riq(ggype}gﬂdﬁﬁéry@ﬁgp&@ymﬁgﬂé]@MW&qmamphorylation of
ibu

RyR2 has been proposed as a factor contributing to depressed contractile J‘ugg;[i_?p iﬁ{}g Marks et

arrhytlunogenesis AR feP[RTErkecRTaaYe %PS@?B@Q)‘HTB arRCTRTUrE: 1€°0rGleln kinase a
hyperphospharylatioPoitbsivyai heanefaboepiopratao kindse tiryferptosplomndetiatiof the0B2pqding5, 2002;

Marx et at, PICA phospharylafi | la4es; Famdhaealeiim selgapg ghannel (ryanodine
receptor): defecti\?gcfgg)t?%gé%%ﬁgr?g%ﬁeﬁf%%ﬁ?%gg%%@%, 2000). Consistent with this hypothesis,

PICA hyperphospRbsspheirdrrijsecipauiikBi 24rfomdberalir Bdnieaie 62ameet ini9diBe both in animal
models and in patiggésiontdiatniclaifuletidndergnighaardica rrspaTa B0 A tosetat Wi abéd

cardiomyopathy apd sudde th resulting from copstitutive. activation pf [rotein ki .Circ. Res.,
89:997-1004, 200 W@Fﬁ%&a‘%&‘?@?ﬁﬁ%@&%@% i%ﬂﬁéi??sg‘g%‘té" Ef&‘ﬁ'ﬁi%%@??é%%@’g%% ciﬁgr:n release
channel (ryan8dinewetepitir priwiéotidslsagd iathaticnt sailth jeas dibiroaiiergyingsardies 2000; Ono et al.,

Altered 15interaction Of IS RE iR 1t yBNRdINGRGRIIMIRPAC A fealinesmalGast release in
heart failure. Cardiovasc. Res., 48:323-31,2000; Reiken et at, B%g—ai(r)gger&ﬁ)rec%)tor kers
: 7? (}

restore cardiac cafORTHTHEIE 2SRy R A o EHARA Y SR strdtl R feedR fhilure.

urctid
Circulation, 104:284&phon2£ivh; dieoogarsdiKBPAL. 6 Then theypécvalaileaselhbamel (nhiidomediltiazem

prevents cardiomyongiy. I LS HAGE | T I 1303328008 0RAR N AR €82

Altered stoichiometry of | I%PlZ.G Vversus ryanodine receptor as a cause of abngrmal Ca2+ leak
through ryandflineieespesrahFKBRt 2 &iniid. wanedimgisacrier2oa epssef sbrmynal 682 3s5leriaiiiaikarts, the

hyperphosphorylagiggref EyRea iy & Adgideres, e ol iRseindion, Bedha deguigioncegdB Bibakersubunit
from the RyR2 channel (Marx et al., P ZS@hosqu&rﬁlaat{'on disso iattr%% FKBF%I]]%g from the calcium
|

release channel (rrfzsatﬁg ﬁrel?&?(aelﬁf%rrr}:re e SRS IARISG Rearts - G E?:?ég- %r,tZOOO).

This causes mark&ﬂuhaﬁ&geddﬁ%éM@Wﬂ:eﬂ%&oﬁmmmm,R'!}RQ-UmaﬁﬁﬂefPISth#ﬂcﬂanges are
evidenced by increagsaeh PRRRARHR BRI (RRloHihithfth DHKRSBHIANBILYIRY AR&Advsdrnendent

activation (Brillantes et at, Stabilization of calcium release channel (iyanodine receptor) function by
20 2002; Yano et al., Altered stoichiometry of FKBP12.6 versus ryanodine receptor as a cause
of abnormal Ca®* leak through ryanodine receptor in heart failure. Circulation, 102:2131-36,

2000).

[0043] In failing hearts, the hyperphosphorylation of RyR2 by PKA induces the
dissociation of the regulatory FKBP12.6 subunit from the RyR2 channel (Marx et al., PKA

25  phosphorylation dissociates FKBP12.6 from the calcium release channel (ryanodine
receptor): defective regulation in failing hearts. Cell, 101:365-76, 2000). This causes marked
changes in the biophysical properties of the RyR2 channel. Such changes are evidenced by
increased open probability (Po), due to an increased sensitivity to Ca’*-dependent activation
(Brillantes er al., Stabilization of calcium release channel (ryanodine receptor) function by

30  FK506-binding protein. Cell, 77:513-23, 1994; Kaftan er al., Effects of rapamycin on
ryanodine receptor / Ca®*-release channels from cardiac muscle. Circ. Res., 78:990-97, 1996);

destabilization of the channel, resulting in subconductance states; and impaired coupled



30FK506-binding protein. Cell, 77:513-23, 1994; Kaftan et at, Effects of rapamycin on ryanodine
receptor / Ca2+-release channels from cardiac muscle. Circ. Res., 78:990-97, 1996); destabilization of
the channel, resulting in subconductance states; and impaired coupled 21 gating of the channels,
resulting in defective EC coupling and cardiac dysfunction (Marx et al., Coupled gating between

individual skeletal giscle i iaiRarsuthanhalfdtaRd arpreenoaldRcientencasi @21, 1998).
Thus, PKA-hyperphosphaorylated RyR?2 is very. sepsitive to low-leval Ca2+ stimulation, and. this
manifests itself as%n@??@%ﬁgrnf&l??%?%ﬁﬁ'g&ﬁlgpr%gg%r%usséLeo%lage:l aé%%?ﬁaﬁlgﬁll%gaﬁ ol(ﬂr e
maladaptive respoasptosstessdn, &R fallirt9p8suTtbusn RIEpHbIpITIbPFIBPREGREMH itHE¥hannel
macromolecular complex. JRig leadTie- ashilb el mihGSanaitydy 8f SR B2 R4k agsagduced

Ca2+ release, resulting in channels that are more active at low-to-moderate [Ca2] (Marx et al., PKA
phosphorylatien diee brpsreiospen s diAdhe 10calcium release channel (ryanodine receptor):

defecive requltiagdp aiing hogri. ol IG5, 2000 YAMAMEID Al ARRIRYFa2- release

from cardiac sarcoplasmic reticulum in la-induced heart failure. Cardiovasc. Res., 44:146-55,
1999; Yano ci al., P¥BPé2. 6 fotontbeebanynd miammiczdayepmplery aFtislpads &y phif todhe ieftisdhss

abnormal Ca2+ legl, hraHolt RAIOHIBF 18RARIATCE MR foiTRIalaRs 12 a¢d BbrdGetRREP). Over
15time, the increased "leak” through RyR2 results in r%settig%ott e.SR Ca2+1§€p]t$?)t 0 aJower level,
racti

which in turn redutR¥s EmedEAdG Y iF‘K&Hﬂ%%’tﬁEﬁ[@ o hRTatigydiorte iRy WIS et al.,
PICA phospharylajitsiustiastaistemdnéd Bixhadmér moettve) oddfhictiverepeatiou i faténg hearto dial receptor):

defective requiatiofy 1 a1RGABRFy ild 03P SRefnA000) ANAQARAA HBROBMIBAN AL RYR?

channels that are parficularly "leaky" can release SR Ca2+ during the resting phase of the cardiac
cycle, diastole. Thigtidimdn tehysendiandussd ethBilurdlardismie fentbriieRn s 38Mthyed
after-depolarizations, (R&RSHoMRish&Fe JTTAUBP 12.6rges Ftaddiantoapiot asidiasssrhaytibmias (Wehrens
eta!,, FKBP12.6 defigiency.and defective calcium.releasg.channel (ryanodine t netign linked
to exercise- 25induéed 2H ISR IYATISIRKHSP re'l?,e}ﬁﬁ:gf 40, ééé’)?"igg%eéﬁrﬁﬁs%g??ﬁalﬁyﬁbrmal
hearts, a similar plisnotirsnomasedy 1bak Sthweogk RyBaaifioiyn iesstinpofiihenSR Sedrersicatia aleves induce
the release of catqchplamifies HateslMeERRIRRYBIRIAIE SRR eRaakdRtvation of the

beta-adrenergic recegtors_ leads to hy er};&r\losphorylation of RyR2 channels. Evidence also suggests
that the contractility (Marx ez al., PKA phosphorylation dissociates FKBP12.6 from the calcium
release channel (ryanodine receptor): defective regulation in failing hearts. Cell, 101:365-76,

2000).

20 [0045] A subpopulation of RyR2 channels that are particularly "leaky" can release SR
Ca®" during the resting phase of the cardiac cycle, diastole. This results in depolarizations of
the cardiomyocyte membrane known as delayed after-depolarizations (DADs), which are
known to trigger fatal ventricular cardiac arrhythmias (Wehrens ef al., FKBP12.6 deficiency
and defective calcium release channel (ryanodine receptor) function linked to exercise-

25  induced sudden cardiac death. Cell, 113:829-40, 2003).

[0046] In structurally-normal hearts, a similar phenomenon may be at work.
Specifically, it is known that exercise and stress induce the release of catecholamines that
activate beta-adrenergic receptors in the heart. Activation of the beta-adrenergic receptors
leads to hyperphosphorylation of RyR2 channels. Evidence also suggests that the

30  hyperphosphorylation of RyR2, resulting from beta-adrenergic-receptor activation, renders
mutated RyR2 channels more likely to open in the relaxation phase of the cardiac cycle,

increasing the likelihood of arrhythmias.



30hyperphosphorylation of RyR2, resulting from beta-adrenergic-receptor activation, renders mutated
RyR2 channels more likely to open in the relaxation phase of the cardiac cycle, increasing the
likelihood of arrhytlunias. 22 [0047]The inventors have ghown herein that JTV-519 prevents heart
failure in a rat model of post-MI heatrt failure. In this animal model, JTV-519 improved cardiac function,

in terms of reduceggamstolic dyﬁfameeimerambémwwa&eﬁymimfurmbqsae&ufmeamnﬁmr&hedrmentors
have demonstrated that taI u cIe of the R R C 0 Sdefective (or
Qe? }h aﬁiﬁ% %F BfD mal Ijl‘Ell‘{):ﬁatlor? (ﬁe Car% C%?&A

leaky) in heart- faillie SKelRia musde, due to ype o$p 0 enerar.

phosphorylation dtSM@éWM@HWfMM@W@%@MWr@PQFWH&}W@F@@@ptbﬁ) in skeletal

muscle: defective fRghiGtiaRdaRRHs R ehat 6 UkBIQk-hEQI2 184 3¢ 4lAB)R ThatRiorg Rl issaxaected
that JTV-5I9 will alsqg improve skelg@ﬁmu cle function in patients with T} eart failure. As such, JTV-519

provides a novel tAFSPELRE SBISnAASAT 1 s SkeleB mussle ke Sd e TVRER FRHaFRY atl&Elrly fatigue
and shortness of l{Re#itén-enddidPKak pleaplsaglinyos diseidites FEBE 12 dakmdsscricihm elenservbemand in the

diaphragm, respe ‘f; RGO RN SRRATARAY G RRIRNOIAMIBR A R BRI TP BIIEIor

tachycardia (CPVT) Is an |nher|te disorder in individuals with structurally-normal hearts. It Is

15characterized biP8iPA22indRd Therefroed itrissepsried that et withalan ieremeskrlsiploapsste sudden

cardiac death (SCfajctdiiatintients Ruﬂﬁ&hanmeISAmateWﬁ%&arﬁepmtmwum (SR) have
been linked t CPVT #)% (}IAII individuals Wlt CPVT h e exerci Pﬁduced r%c arr |as The
S

oms nhe 1lure — ear € an €ss 0
inventors pI‘EVIOUSaRP owe a%xerélse |n uce arr mias an In pati en%s 20 with

CPVT) result frorrravmtdlmedaamﬁiby giclereBmustle \ﬁ@alﬁyﬁzn ﬁeﬁetmmh@mvémdhs diapraggmonstrated
that exercise activalgs, as a result of phosphorylation by adenosine-3',

5'-monophosphate- epen ent protein kinase (PICA). [0050]To determine the molecular mechanisms
underlying the fat@d@t8idiac armymﬂmdm@%/&’atéh&)imﬁae@tspslmiﬁﬂh@%'ﬁamﬁahgchfdiutant RyR2

channels (0.0, 29820404 RAAZA% NAKSAY, BASIC)MYIERLENRP chamnlgish had normal

function in planar llayers un asal conditions, were more Sensitive to activation by PICA

phosphorylatién - @ﬁﬁﬁﬁﬂ?@qﬁdr@ﬁé@ﬂ‘@&?@iﬁ?'{@}ﬁéhfﬁﬂmmﬁt%ﬁﬁ@%mbﬁ@w&jéﬁl@l’aﬂ%@e as
compared with wikidygecsiaaielsh (Seoitarafdis ArRYRIRASNA QIR AIHRWRSHRAMNE!S Were
resistant to |nh|b|t|on A &%4)- v%l'g/e 10 og(lcdal n&lleltor of RyR2 channels,

reticu

[0049] All individuals with CPVT have exercise-induced cardiac arrhythmias. The

inventors previously showed that exercise-induced arrhythmias and sudden death (in patients
20  with CPVT) result from a reduced affinity of FKBP12.6 for RyR2. Herein, the inventors

have demonstrated that exercise activates RyR2 as a result of phosphorylation by adenosine-

3', 5'-monophosphate-dependent protein kinase (PKA).

[0050] To determine the molecular mechanisms underlying the fatal cardiac
arrhythmias in CPVT, the inventors studied CPV T-associated mutant RyR2 channels (e.g.,

25  S2246L, R2474S, N4104K, R4497C). Mutant RyR2 channels, which had normal function in
planar lipid bilayers under basal conditions, were more sensitive to activation by PKA
phosphorylation — exhibiting increased activity (open probability) and prolonged open states,
as compared with wild-type channels. In addition, PKA-phosphorylated mutant RyR2
channels were resistant to inhibition by Mg**, a physiological inhibitor of RyR2 channels,

30 and showed reduced binding to FKBP12.6 (which stabilizes the channel in the closed state).
These findings indicate that, during exercise, when the RyR2 channels are PKA-

phosphorylated, the mutant CPVT channels are more likely to open in the relaxation phase of



30and showed reduced binding to FICBP12.6 (which stabilizes the channel in the closed state). These
findings indicate that, during exercise, when the RyR2 channels are PKAphosphorylated, the mutant
CPVT channels are more likely to open in the relaxation,ghase of 23 the cardiac cycle (diastole),
increasing the likelihood of occurrence of arrhytlunias triggered by the SR Ca2+ leak. Since heart

failure is a leadingieasiseif JerttsIe) Vit IRENRIRKKIKERPIT tieueatc i RiriRptkaiddiggsent fatal
arrhytlunias in milljons of patignts, [0Q51]The inventors have further onstrated herein that the
experimental drug{,’ fﬁf\g@% gei’,]ﬁ- &l (gﬁ?ﬁﬁﬁbﬁﬁés&éﬁé%g'ﬁ?é)\ﬁdeﬁ%lvevt?{ﬁw gﬁtﬂ’c?ﬁ}gt?sef?rhythmias
in mice heterozygmmifdheieal-ii BPR2 ®yjé peevinh faat enbyriyniae ennsblovwn af patidmy-519 reduces
diastolic SR Ca2+ leak in an animal model of heart failure (Yano etal., FKBP12.6-mediated stabilization

of calcium-releasel®®hnel (rydhoHlrisedpre frskendaporstreddiseinthat thesypeainanial fgrt failure.
Circulation, 1G7:477v8419Q03%-knbowmielepind daewtiva) giowintacivbvelriagenimh) Mmif, ilnpficoves
defective channel gating of ryan diﬁ?(ﬁ% orin rt failure..Am. ] Physiol Circ. Physiol.,
14:14,2002). In thel% ?ﬁ@éﬁugt%a%et e |nvgf%tI Fg%?ggﬁfﬁg‘éﬂ%?ﬁ sog#ilglgct:&ﬂfﬁﬁkéegﬁgﬁism of action
in a cardiac arrhytdistalinSBela T dalnisienranimel egselinhibenrs faererYoneotisafe GKRR] B anedintedtities

OfJTV-519 (443-(4ubsiiZatiBinsi idiBivhr-téfkhse channel (ryanodine receptor) as a novel therapeutic strate
propiony1]-7-methoxy-2,3,4,5-tetrah ,dro-1,4-benzoth|aze6)|ne monohydrochloride), 15[0052]|To test for

cardiac arrhythmi§§?‘l‘—'f8§?ﬁ§a.’é¥7-‘ Ferakep 1Y 647 ot Re Ko pE e dMBPY SHRIMBINR W scribed
exercise protorol g¢éettans Etaimproids Rdf2c 6 vd etienpeloyatwofl efacidne: cedejiton indieas éibiranhel
(ryanodine receptgr ign i gl t ise- n cardi t :829:40, 2003;
Mohler et aL, Ank%in%%rzl??aeggri? c%u%@é%gzaf%?%% T%a%‘%%%%ﬁﬂ@%ﬁ?a%%‘é%ﬁgg#g@g%|ac death.
Nature, 421:634-39 28 Y5oeffiopgr adgsegharifeof rotpp imagandiap prenythoamesh| &pe theis ittt ar
tachyarrhythmias ¢vperialesisgRpaluantsqditemgri it RiRiacObrNoNes 0f the U BB Pipdridiniae (O of 6)

treated with JTV-519.d ' | its (FIG. 1). th are, 90% of
KB P12 641 mice (5 SPEO) BEATRANG o e RS AL B FE MR - reated
FICBP12.6+rmicyp! ) ek (0 RRIASHIR RIBRISH-EIERIRSS G 25 100% of the

FKBP12.64- mice (50 S%treated_with JTV-519 developed VT during the stress Erotocol and died,
despite JTV-519 tFRRIfGIEH O~ R VieushrdrisH tespistaisetprotes AV ebtrgs €sehn EKBR B 1defriensaquired for
the anti-arrhythmiendatégsnsi @f chicina 19leds:0Qhakk) @yaesdineabanotprizotion ket artcrechythmic
properties of JTV-519, the inventors subjecied FKE b1/+ FKBP12.6+1" and FKBP12.64- mice to
programmed 30elg§ﬂf8§|5g |rﬁrﬁf§ff({)lﬁc|oéjfg%(g)'c%eg’ {ﬁ%e%r(g ﬁlwogatgéfe‘ﬂf/rreéb’{d é@aﬂi/e'%%{@lwa in 71% of
FICBP12.6+/- mic8{S Py, 4ani&iTivandier aypry i Radsedden gairia¢Rleath 0¥g/are; 83] f6ib3dng injection

of 0.5 mg/kgzsopraieenhifel s8I EHE PR BHCE Felieate g WisplaYea Yontricular tachyarrhythmias
(VT) or syncopal events during the protocol, none of the FKBP12.6"" mice (0 of 6) pretreated

with JTV-519 developed arthythmias or syncopal events (FIG. 1). Furthermore, 90% of
FKBP12.6"" mice (9 of 10) died during or following exercise, whereas none of the JTV-519-
treated FKBP12.6"" mice (0 of 9) died (Fig. 1C). In contrast to pretreated FKBP12.6" mice

25 100% of the FKBP12.6" mice (5 of 5) treated with JTV-519 developed VT during the stress
protocol and died, despite JTV-519 treatment (FIG. 1C). Taken together, these data suggest
that FKBP12.6 is required for the anti-arrhythmic actions of JTV-519.

[0053] In order to characterize further the anti-arthythmic properties of JTV-519, the
inventors subjected FKBP12.6™, FKBP12.6", and FKBP12.6™ mice to programmed

30 electrical stimulation protocols. VTs were induced by rapid overdrive pacing in 71% of
FKBP12.6™ mice (5 of 7), but not in wild-type FKBP12.6"* mice (P < 0.05, n = 5),
following injection of 0.5 mg/kg isoproterenol. FKBP12.6" mice pretreated with JTV-5]19



24 (0.5 mg/kg/h) were significantly less susceptible to overdrive-pacing-induced VTs, as compared with
untreated FICBP12.6+/- mice (1 of 7 vs. 5 of 7; PC 0.05). Contrastingly, 67% of FICBP12.64- mice (4 of
6) pretreated with JTV-519 developed VTs during overdyjve pacing. 5]0054]VTs could be induced with
a single premature beat in 71% of FICBP12.6+1. mice (5 of 7). No VTs were observed in the 7

FICBP12.6+1- miggsyaitaaipdenighitaig dising prinuieveremalpicientpraiocn, (51-52-S3), VTs

were reproducibly induced in. 100% of ed,FICBP1 §5+1 ice (1 9 Treatment with,JTV-519
completely elimin§?§&?ﬁ3u%1g’lgr\tf‘f‘§tﬁﬂ%g%‘§6w-c ?‘r{llc%% YV%fg%fgﬁg/-élé;}'re'éaelrﬁ[g?ﬁn' |&/’rgztty})prevent
VTs in 10FKBP1226BKBHt2 65 mppo(fing theratsatedprith 3T V18 BRierelprs ¢ G daing onsedEiri-arrhy thrnic
actions of JTV-519, [Q055]Previously, the inventors demonstrated that PICA phosphorylation of RyR2

at Ser2809 causes dissociation of FKBP12.6 from the RyR2 channel (Marx et al., PICA
phosphorylation djggsugiates FKBELRIG beoind bl mlﬁimﬁngw@muhahmﬁtﬁr?mwﬁém%éptor):

defective regulation in failj atts. Cell 365-7 I prateatgent with
JTV-519 (0.5 mg/?d?ﬁ)(%?ﬁo?i‘%f@s t‘ﬁge‘%"é"ggﬁgo?’ﬁ?&ﬁ%@'&‘%ﬁﬁéﬁ%ﬁ%’i‘ E gﬁgegi D 5.641, and
FKBP12.64- mice{finga 2?.“@9mﬁ@ﬁéﬂetbeﬂmﬂ6311$2n$ﬁ‘)eYﬁ‘yRE?:Eﬁﬁ’fﬁMééyfl‘BﬁlﬁcF‘iG‘BWQ%{6+/-
mice were significaniiy-enRrersemeient ohiEi CRR 2. Gialnuingiexervises :Brmlk ) <Risiseatment with
JTV-519, however, prevented t 0f.20 FKBP12.6 RyR2 macromaolec complex in
FICBP12.6+/- mic‘&‘%‘ﬁﬁ#&e%?é;cﬁégﬁé DTUES Bo‘?%é}. %%gét% %%6%“&@%&)%86‘3?1 f‘es%éﬁ‘ of RyR2
channels frond FICEBR 226/ mick euppbitingsbeteonoept che REBRI 2ig irifierringyl fac teaastiamkythoripared with
channels from exgrgised FHERE2.6+/+ mice (+/-: 0.47 0.12, n = 11; +/+:0.04 0.01, n = 13; P <0.05).
Treatment 250f exercised FICBP12.6+/- mice with ITV-519 (0.5 mg/kg/h) significantly reduced the
channel Po (0.02 [(084], N = 13reasoeampiriadentdts danotidated tkadKisetiaspheryfation 8) RiRisat

jéncﬁggngl)g% %ml IG. 2). In
n

ggﬁﬁrg’sagl3'?&§fé%%§ﬂ%%§%#%%§%s?§§ a%ﬁ%%%ﬁﬁcglg? ot result'in channels with a low Po.
30100571RyR?2 sihgehempanenslisodater ZiRHRIaE. fvitaniobe eiciumalenie) jeanel @yapsdingM, using Ca2+
as the chargescarrigeptbe er&ene HgnR &N i aifib assin cbe, heaskerenenogstalteWhReehibadyyR2
channels should r‘l)?é/t%?nL%\lll\lt Q\J?tﬁr} \I;(-D;)l%%lgynllrg]/l%ﬂs[i}g I'B)E%\tlf%gtt tm:edegree of PKA phosphorylation

of RyR2 in FKBP12.6"" and FKBP12.6” mice (FIG. 2). Compared to FKBP12.6™* mice,

RyR2 complexes from FKBP12.6"" mice were significantly more depleted of FKBP12.6

following exercise (*P < 0.05). Pretreatment with JTV-519, however, prevented the loss of

20 FKBPI12.6 from the RyR2 macromolecular complex in F KBP12.6"" mice during exercise

(FIG. 2; *P <0.05).

[0056] The open probabilities (Po) of RyR2 channels from FKBP12.6" mice
subjected to exercise were significantly increased, as compared with channels from exercised
FKBP12.6" mice (+/—: 0.47 £ 0.12,n=11; +/+: 0.04 £ 0.01, n = 13; P <0.05). Treatment
25  of exercised FKBP12.6"" mice with JTV-519 (0.5 mg/kg/h) significantly reduced the channel
Po (0.02 £ 0.01, n = 13), as compared with non-treated exercised mice (FIG. 2). This
observation is consistent with increased amounts of FKBP12.6 in the RyR2 complex (FIG.
2). In contrast, JTV-519 treatment of exercised FKBP12.6" mice did not result in channels

with a low Po.

30 [0057] RyR2 single channels were examined with low cis (cytosolic) [Ca®*] of 150
nM, using Ca** as the charge carrier. These conditions simulate those in the heart during

diastole, when the RyR2 channels should have a low open probability in order to prevent the



25 diastolic SR Cal+ leak that can trigger cardiac arrhythmias. Thus, the significant reduction in the
RyR2 Po, as observed in JTV-519-treated exercised FKBP12.6+/- mice, suggests that the RyR2
channels will not be "leaky during diastole d, which is consistent with the absence of observed
arrhytlunias. 5[0058]To further examine the mechanistBy which JTV-519 prevents VTs, the inventors

simulated the conditions Qf.e ise using PICA phosphorylation of wild- .RYR2 “WT
channels. PKA-ph%ggﬁéﬁ%f%téagﬁgla%lﬂfg grtmrrll g\?fé%‘fﬁé‘#ﬁ%&ﬂ ate u\?\/l%ggfgg){lgiazngg %‘%’ZSAQ(I\]/T; in the
presence of incredksrRyBeReertbseniedon JTV-Etetrentedisueroised FKBD AV BricEoD@ERIs Shay e 9

induced the binding,Rb EiRRI2AIIadY B phgsRaRy alaehitQ Ruftd (Fébnsilent WiDhe alsadadriced
FKBP12.6 binding to mutant RyR2-S2809D channels that mimic constitutively-PICA-phosphorylated

RyR2 channels (F‘?%g.eg’fd[ﬁ'ﬁ% ¥ affinity of FKBP12.6 for PICA-phosphorylated RyR2 channels was
significantly ingreqagepy addifan b TG0, ToediBsAGiPON AONSHANE HBSIAL BHBRL2 6 binding

to the channels were: 148 59.0 nM for RyR2-WT + PICA + PKI5-24 15 (PICA inhibitor); 1972 39.9 riM
for RyR2-WT + Plinyentosgsimglatedvhesiopdjionsiofarereise yripe oA phesplssylgtionofyild-type RyR2
PKA-phosphorylaigg ehannelsavsiels | BRApRsphafiiie & pineateiterd b tddEwah. Similar
results were obtai j -S2809D mutant.channels (that mimic .
constiutively-PKA BRI RN TR S PR TR R STV es 9 S8 ot for
RyR2-S2809D; arwith280 38 el 8P RYRZ 52 Bhnonced thgiipd Bief BKBR 2o sphisf\rimspheryieigd 2

activated the ghangal{Ra G §0310.902(R)GouteRIkP 2 5 Bikind® mlsAORPFOZSRIOD chaimdd; P
<0.05). Addition of FKBP12.6 (250,tiM) to the PICA-phos%lgéycflgted RyR2-WT channels did not lower

the Po. However, BALRBRCSPTHMIYSV- B0 BhosPhrREpid B HE 5% ) levels comparable to the
non-PKAphospho d changels = Q. B 13 . gether, the
inventors' results m}?\ﬁ that de%%t?gﬁr% EQK%%{) .%‘#ﬁﬁ%@%ﬁ%ﬁ%@ggﬁkﬂﬁex - which is

associated with intieBHisatixyrereasse iyredition Y Témifeule dissegesiamsenstusKaader cardiac death in
FICBP12.6+1. migk B 1evEikae: iy tieaiaest wil: the 1,50 laiM aeli xzapirve TeprativepKi] -519,

Therefore, the inv rs have {denjifie n | mo \anism for treating ventricular
arrhythmias: Oinggg‘sg‘g‘?ﬁtﬂ% g%ﬁ)? %?Pﬁ%{/gﬁr%}'lﬁﬁf% p’f(]a%gﬁts igsoié) %%ﬁ']ggﬁ:ﬁgn‘géaks that
trigger arrhythmia®l $iht(PICBI%1 2.6 2iéfi diBAcphivspheryapR 2 rerrsie moRkcAitphaspheptisteis a common
feature in heart fadhg.EMaimSratsTY RIBN IS PARUARRNE FsRUBERE B Ry R228.809D mutant

channels (that mimic constitutively-PKA-phosphorylated channels). The Kys for FKBP12.6
binding were: 2123 + 104 nM for RyR2-52809D; and 428 + 39 nM for RyR2-S2809D +

20 JTV-519. PKA phosphorylation of RyR2 activated the channel (Po=0.01 + 0.002 (PKA +
PKI; n=11) vs. Po=0.40 £ 0.02 (PKA; n=12; P <0.05). Addition of FKBP12.6 (250 nM)
to the PKA-phosphorylated RyR2-WT channels did not lower the Po. However, addition of 1
UM JTV-519 plus FKBP12.6 reduced the Po to levels comparable to the non-PKA-
phosphorylated channels (Po = 0.002 + 0.001; n = 13; P < 0.05).

25 [0060] Taken together, the inventors' results show that depletion of FKBP12.6 from
the RyR2 macromolecular complex — which is associated with increased RyR2 open
probability, ventricular tachycardias, and sudden cardiac death in FKBP12.6*" mice — is
reversed by treatment with the 1,4-benzodiazepine derivative, JTV-519. Therefore, the
inventors have identified a novel molecular mechanism for treating ventricular arrhythmias:

30  increases in the affinity of RyR2 for FKBP12.6 prevent diastolic SR calcium leaks that
trigger arthythmias. Since FKBP12.6 deficiency in the RyR2 macromolecular complex is a
common feature in heart failure (Marx et al., PKA phosphorylation dissociates FKBP12.6



from the calcium release channel (ryanodine receptor): defective regulation in failing hearts. Cell,
101:365-76, 2000) and in inherited exercise-induced ventricular arrhythmias (Wehrens etal., FICBP12.6
deficiency and defective calcium release channel (ryanaogline receptor) function linked to
exercise-induced sudden cardiac death. Cell, 113:829-40, 2003), it is 5expected that Try-519 will

provide a novel anghgp@eifidonay it ahingeMsiadias felsdindebin o vbis Hiage e sdslanrcardiac
death. 100611As discussed até%\t/g @trial fibrillation is the mo rrgxghmia in

t common form of cardi
humans. To date, $Halob=8n (1LH88 TR A TSRS ARG E égl‘Péaﬁ?@f"e;hng -
including shortenirgedf BKBE 126 deforencssndabfectivatelraiatett 40 atizmel ionmidiedmctptdness (Wijffels
etal., Atrial fibrillaign heqeis siial dRrllafian-.a shuly la.aweks ahrancalysnsismenied goats.

Circulation, 92:1954-68, 1995; Morillo et al., Chronic rapid atrial pacing: structural, functional, and
electrophysioldgicarresirhiat 41§l hespyidforiap v atdsarsifis AmmioriEnah domolesiiendeatse m

91:1588-95, 1995 Riphvenintainghasddadtieaiacaiesic atrial fibrillation impairs sinus node function in
dogs: 15electrophysiological remodeling. Circulation, 94:2953-60, 1996; Gaspo et al., Functional
mechanisms undeliQfily tachycsrdiscunted cbdveuasriahtiHarion fiothHamiest dpmmen fonie ofsardtrsdel.

Circulation, 96:40243fmdi@ H hufiafs SHO'GRRINONS Eheh UaMsiang iR e R aBheRYRIEIAe accompany
sustained tachycardia (Rensma a al., ,Lenf%t,fl of excitation wave and susceptibility to reentrant atrial

arrhythmias in norfHSME3hEEedelins gdneyingsbertegngefatny) xafpcirmsss 1ass ARG ERAINY is likely
important in tiee daugiepistesttrefaitoiaran (8 jjfold gragresaidiboflatoabégnil atiah fitirilascatsostuden
suggested that calcium.handlin le in electrical resnqdeling in,atrial fiprillation (Sun et al.,
Cellular mechanis]rlrl]g%%%%%%%%@?ﬁf#ﬁ%@%ﬁf&%ﬁ clglﬂé‘é(lf %?gggt% Egﬁgg?r%éﬁgﬁggta?%ia.
Circulation, 98:716zyni¢ gasd aipeipacines strecferhiunqtiarB et Rierirerii tlosiralighrrantsastistirée and
mechanisms. 25Cirpeilaione] 34 se9aiedhtd A A Ao alabileat 138885 N30F] BREngainamide on

in humans. Circulati 96:1542-50, 1997; Yu et al.,
B by

atrial fibrillation-inquced electrical remodeli
mnauce O Il on.1 airs simmus noae nc&on 11 Cclf)e%%
a ate dependency and effects of

Tachycardia-induceaal%ange of Aal fefrac ory period'in humans:'t
antiarrhythmit drugject@physiaiigicd RR8EAiR7 C199B!bwiSad &1-60, MYk Ganpratle Kiysfimation after

short-term atrial fifdlatgRHS | bXMREARATNRYS ARRGRATEH RYFanoA 8% daltcygtion,

93:1747-54, 1996, Tieleman et al., Verapamil reduces tachycardia-induced electrical remodeling of the
atria. Circulation, §%59eb48reatiery 1497713 506Ph tpdberterinetibsigvelepsb of srsnitdted

ion-channel functieaydietve hempany sustained tachycardia (Rensma et al., Length of excitation wave and
susceptibility to reentrant atrial arrhythmias in normal conscious dogs. Circ. Res., 62:395-

20 410, 1988). This remodeling is likely important in the development, maintenance, and
progression of atrial fibrillation. It has also been suggested that calcium handling may play a
role in electrical remodeling in atrial fibrillation (Sun et al., Cellular mechanisms of atrial
contractile dysfunction caused by sustained atrial tachycardia. Circulation, 98:719-27, 1998;
Goette et al., Electrical remodeling in atrial fibrillation: time course and mechanisms.

25 Circulation, 94:2968-74, 1996; Daoud et al., Effect of verapamil and procainamide on atrial
fibrillation-induced electrical remodeling in humans. Circulation, 96:1542-50, 1997; Yu et
al., Tachycardia-induced change of atrial refractory period in humans: rate dependency and
effects of antiarrhythmic drugs. Circulation, 97:2331-37, 1998; Leistad et al., Atrial
contractile dysfunction after short-term atrial fibrillation is reduced by verapamil but

30  increased by BAY K8644. Circulation, 93:1747-54, 1996; Tieleman et al., Verapamil
reduces tachycardia-induced electrical remodeling of the atria. Circulation, 95:1945-53,
1997).



proposed for AF. For example, studies have shown a reduction in the L-type Ca2+ current (Ico,L) and
transient outward current (Ito), in the setting of prolonged atrial tachycardia (Yue et at, lonic remodeling
underlying action potential changes in a canine model trial Sfibrillation. Circ. Res., 81:512-25,
1997). The observed downregulation of IcaL is likely to explain, at least in part, shortening of AERP and

the loss of rate-re{giggadaptafianfyefracdanngas, vk disharenbaln ansiof, iivebegirical

remodeling process that accompanies AF (Yue et at, lonic remodeling undeylying acfjon potential
changes in a caniﬂ’é’%&é?b‘ﬁgtr}%ﬂrﬁﬁm%ﬁ@éﬁ%bﬁ%??ﬂ%Téyﬁg?%@é??.llﬁy@%gé’rirﬁ% A animal
10models of rapidlatfipdpicinsjeatrutwacdiniceins (lig)ios thé bettingos protngéd aterdpaiyitdidis Goereshown to
inhibit electrical reJPﬁg‘ﬁJilér}gmHﬁfﬁB)ﬁ%@Q%%&r?cﬁ?&%m%@@%i§am¥9}¥9&ief@f9ﬁlf'ﬂ etal., Effect of

verapamil and procainamide on atfial fibril uced electrical remodeling in humans. Circulation,
96:1542-50, 1997fibdHation &irg, Besricll (oMt Y Ay sFhnebtsavadideeprsautetion afferis AkshoR is
reduced by verapagpihiayhtiraseasgat shaeNnkok 3684. dndr el Riio 0f A8:-1d14teDallap@i6y.of00631While
sarcolemmal ion channels cleayly.pl n.important role.in the remodeling.that acco nies atrial
tachycardia and Arﬁ&?ﬁtg%rgﬁ?r%ué'&}gﬂ?&%ﬁﬁglc?eﬁfﬁgra ) th?ﬁégr% W]‘@%ﬁg%%glf}%gﬁo%ﬁsg%%hly explored.
Evidence exists, lrovsyanite AT (Gesethbtlahie mamdeling colethiing action apightial deragasiayaa role in the
remodeling proceggnky eSS ZRRHAGIRAYE CemRaSIEAtet. 13T pyamnleethaidratpiriala adaptation

cannot be fully explained by altered sarcolemmal jon currents, such as lam _and Ito (Ramjrez et al.,
Mathematicaﬁxana'i?&qgli)?@&mﬂétﬁi}iﬁicé’&&iﬁﬂddﬂt@m]ss.t?gﬁ Yeyimaas PIEGEE: %ﬁﬁpﬁ’?@km&éﬁ‘émodeling.
Am. J_. PhysioL He!ajwﬁ:i_bdn]ﬂbiysﬂehmﬂ%_lﬂxbaﬂm%éﬂ@&pg@mﬁmm@a_?”l%eeﬂoauaiéhgvof\@ia2+-handling
by atrial tachycardg, | M'Qzed?.?%fffé&aof%%lﬁ%??nﬁf %&?ﬁ%‘ﬂﬁ&’é%ﬂ%%a?ﬁﬁ%ﬁ’é{?o%‘?in%%&§1ec§éc'§116'261

2002). Studies have also shown that tachycardia-induced changes in intracellular calcium handling also

contribute significEiRRAt NS EsMeRe GHEHEENIIREHTS DB Jeisted sedrifidarksomBidthogenesis of

AF (Sun et at, Celiidambmpahasisrstabmiriaigantinaile dysiuativnvenpars bt sistalo@syanat

tachycardia. Gircylation, 98:719-27, 1 ; ICrieller etal., Remodeling of Ca2+-handling by atrial

tachycardia: lgvidgkr?(gg&o@écf‘o‘fé’%’ I%%?,-%%S]Fr @%i'daptation. Cardiovasc. Res., 54:416-26, 2002; Hara

et at, Steady.statqyggs] nonstopglyeSate B BRLARIAS Ll liaind AaginsFIduTy abnormal rate
:455-69, 1999). 28

adaptation and its possible mechanisms. Cardiovasc. Res., 4 199 4 2
remodeling that accompanies atrial tachycardia and AF, the contribution of intracellular Ca

handling has not been thoroughly explored. Evidence exists, however, to suggest that
aberrant intracellular Ca?* handling does play a role in the remodeling process. Previous

20  studies have demonstrated, for example, that loss of rate adaptation cannot be fully explained
by altered sarcolemmal ion currents, such as I, and I, (Ramirez et al., Mathematical
analysis of canine atrial action potentials: rate, regional factors, and electrical remodeling.
Am. J. Physiol. Heart Circ. Physiol., 279:H1767-85, 2000; Kneller et al., Remodeling of
Ca**-handling by atrial tachycardia: evidence for a role in loss of rate-adaptation. Cardiovasc.

25  Res., 54:416-26, 2002). Studies have also shown that tachycardia-induced changes in
intracellular calcium handling also contribute significantly to loss of rate adaptation, which is
believed to be critical to the pathogenesis of AF (Sun et al., Cellular mechanisms of atrial
contractile dysfunction caused by sustained atrial tachycardia. Circulation, 98:719-27, 1998;
Kneller ef al., Remodeling of Ca®*-handling by atrial tachycardia: evidence for a role in loss

30 ofrate-adaptation. Cardiovasc. Res., 54:416-26, 2002; Hara et al., Steady-state and
nonsteady-state action potentials in fibrillating canine atrium: abnormal rate adaptation and

its possible mechanisms. Cardiovasc. Res., 42:455-69, 1999).



[0064]In previous studies, atria from a canine model of pacing-induced AF demonstrated a loss of
AP-duration-rate adaptation, and altered AP characteristics, which could be reversed by the presence
of tyanodine. These observations suggest that the cha?%es result, at least in part, from an
intracellular-Ca2+-dependent process (Ham a at, Steady-state 5 and nonsteady-state action potentials

in fibrillating caningggljum: abpospabisie.adaniaiionaAnd ifRIssble rpashaianed @ardiovasc. Res.,
42:455-69, 1999). Furthermaore, In the atria of canines with sustained pacing-induced atrial tachycardia,

there is a significalSMRHARSR IRsEdA irurRtianTateadepiation, :Rd i RIPIY AIRSIFRSEF A F R ontractile
dysfunction causedily Isustamnetibyttialpasinge afthanGine. | Shese, @8cBERT siQe8) thaO(B0dBIBecause

Caz ransients reayl o33 GAILTONRL AL BRI Pt WR0RIS GARks TGS fogkaiglcae from the

SR through RyR2, the results of previous studies suggest that tions in intracellular-calcium
handling accompans tpesteadnialpdieinrdetadals i dtraliatng eiss oy R hpRifPahink ade@tised Ca24
tralnsients h%\lle b@ﬁmi@?@ﬁm&dﬁmmi&ﬁ@rf@m&laﬂkt%nM@Bisglabsd)auria{wmmsm@mting that
calcium handling contributes to the. 15atrial congractile dysfunction accompanying A un et.at,
Cellular mechanisorgga%]f]g\str‘ivé CONLTAC |I5a81§/1§ﬂ?%tg |%dtr1a§g‘ll}/§aec§y6§/r%ﬁ‘s ained aa’cf}%ﬁg% !;ré‘?al}%[l}gp "
Circulation, 98:718a2 rangiests (9068 Cidulasmecharisins ofetiaeonmeetisidriémeiovidasedhyincing
evidence that calGim; hareRsiats-IAYS@RIMPLKI3BL19le-in Yag)electrical and contractile remodeling
that accompanies sustained atrial tachycardia and AF. Release of SR Ca2+ stores by RyR2 stands
20as an integoal qoosspnent oBsyaeataitirGarmd sk temsiacdbamenOidtianrptiRyRgsbachiden well

characterized in ventriculaptissue qf canin nd and RyR2 has beep implicated.in,diseases
 thovencistn: HAtEhER RC h ERTHESR e, G R RE e e ShAIPLGISE A o

phosphorylation digetiten FrEPRHglag-¢pdriheandling secoaipanctheashyspidiamducad ramsslvg:

defective regulatigpiastailinenheariniGalcbsbBEH 1n 2000 hVehsans22akd wThGBRLS6 deficiency
and defective calci]um release cha%%nelég%nodine, rgz,ceptor functjon |inked to exercise-induced sudden
cardiac death. Cell°TT3RRY 50 BHHY R SRR P N eANe fI3 s T BIig e aYErda &% channel

function andliinpretviel cantizti kndistlaqdienfacnoapesying Wi(@nnhe aft, f2dlivler GechalasioneflBiaP459-66,
2003). Despite the gyidencs datfaziianslingeiaaiiri R atal ihyimiassHe Boygspn and

function of the atrial 30ryanodine receptor has not been well characterized in this setting. In particular,

prior to the presefudesiention, ARcliselesed HetsigBOnRLIfoAFsMEEs PEsKAOVAYiRInEQOREACEhRinventors

confirm herein that, as irhthe Vi ntricylar myoca dig , atriﬁll intrace Iul%r-calci -releads&a ct}ﬁ\nnels exist
cdlcium [)meos?aﬂ%g aés aﬂ: m&o{{an 1ole 1 e,elec cal and contractile remode llg_- 8é

as macromolecular complexes. The results ot the inventors co-immunoprecipi ation expetiments

indicate that atriapfRgRpanics byssiinadatiiad tasibreatdingndie midgisase gfiSR 613/ ssibign vy BalBagsinds

(FICBPL2 Gt g Caissnental o B IR R ERLIRIRRK S atplyteaubunis of
. Furt ol L .
ur ermo(sell c}elaractenzed in ventricular tissue of canines and humans, and RyR2 has been implicated

in diseases of the ventricular myocardium, including heart failure and sudden cardiac death
(Marx et al., PKA phosphorylation dissociates FKBP12.6 from the calcium release channel
(ryanodine receptor): defective regulation in failing hearts. Cell, 101:365-76, 2000; Wehrens
25  etal,FKBP12.6 deficiency and defective calcium release channel (ryanodine receptor)
function linked to exercise-induced sudden cardiac death. Cell, 113:829-40, 2003; Reiken et
al., Beta-blockers restore calcium release channel function and improve cardiac muscle
performance in human heart failure. Circulation, 107:2459-66, 2003). Despite the evidence
that Ca** handling plays a role in atrial arthythmias, the regulation and function of the atrial
30 ryanodine receptor has not been well characterized in this setting. In particular, prior to the

present invention, the role of this channel in AF was not known.



inventors have demonstrated that endogenous PICA specifically phosphorylates RyR2 in atrial
sarcoplasmic reticulum, resulting in a depletion of calstabin2 (FKBP12.6) in the channel complex.
These findings suggest that regulation of contractile furbcgtion in the atrium could be modulated by PICA
phosphorylation of atrial RyR2, in a manner similar to that observed in 10the ventricular myocardium

(Brilantes, et al., pigjization gl SalchimJEieass ARG (YANAYINR ERSRRADURSIRDRAF K 506
binding protein, Cell, 77:513-523, 1994). 100681In the current study, the inventors observ%gl that PICA

hyperphosphoryldattrdfutayralojms s easrrhranelsienisiep RESATH N SLAMP I ER B P B I Wllife AF
atria. Similarly, thaeNeiesiahaavgecpiGhoh epssnhaaphaiyiaditat st RgROdigtegdiceletion of
calstabin 15(FICBP12,6),.in atrial tissue from humans, with, AE i ] i he
functional conseqﬁsé%cé%tggfv{ﬁﬁlé tﬁ% ot 5?@%Wh%g?gh%t]s%ﬁ’ 6?&%§§ th@rﬁgﬁﬁﬁ[’? eHésEgég’open
probability at Eondiibansi thB2Ainnd atshdhesradatenning exiehitisvinbytis o & CA2 Furthgereranbfional

abnormalities are;ghafigRigiligploslinaiRRatdansberA darigiad phitaisiaRiars RIFBRL 2l

(Brillantes, et aL, Stabilizatjon of calcium yrelease ¢channel nqdine 20function by FK-506
binding protein, C?ﬂ?%ﬂ”;i-‘fﬁ%‘ﬁi@@ﬁffu#‘r%lgﬁrﬁ%?%téqrbﬂg%?fg 3né{§ig§iﬁ&z S tégﬁ%s?gfgﬁt with
previous studies demgest Hiksg findingssuggsichaatpdio ¢HOBRIGIGTunciniRy R2 ainumewddiey of
PICA hyperphospm&xié!:féz?%eyfﬁéﬂ'ﬁ&@ﬁﬂﬁ%ﬁ@%ﬁ'kv@?n@rﬁ&@'@mm {RaRciasialigCa2+ leak

that is secondary to an incréased sen5|t|V|]t3y‘to Ca2+-induced Ca2+ release (Brillantes et al.,
t

Stabilization ¥ calesuisniiqulas npeserdivmdPriamesme/ ret el BA R RERSIF ) FRES BMBfhg protein. Cell,

77:513-23, 1994; (fafiadirirateptdipfitc bt P ERS06 Rt Hypnotine CaLaTto 15523+ 19dkase channels from
cardiac muscle. Circ. .Res., 78:990-97, 1996). In the absence of calstabin2 (FICBP12.6), channels are

also known to opd#068id closelfghecusent sadrchiynventosy ehsenvid thastiA dopprivphordationafx et aL,

Coupled gating b JnigduRb shaleighmussie stdiniqiaaseiohpmnelaiR0AY anadingmaesptors).
Science, 281:818-21, 1998). 100691Evidence suggests that AF is typical%ii@itiated by premature atrial

extrasystoles (BeRel SHEPESEEESEE iy PRkt ryaten arith apsnBiRd derietgn oL gl Atrial 30
fibrillation in Man (EKiBR1 2160 in4iri9Bissa8 fbB/kimuaviaivftiand knthe setingesi Hedrofmlafeertiepolarizations

(Cranefield, P-F"tﬁ&?&%ﬂa‘i%%‘é' SRR IRQIEAN AL ?y Oﬁ%ﬁg%ﬁ%tygﬁ%n%?ﬁxlé]\ié}ﬁf&gas%gn)'

Reinitiation of AF by atrial extrasystoles, immediate terminhation of the arrhythmia, has been

observed (TimmePRSBREBbIIILY Al Graditieas batisigndrestiastaledn fbs eprbrows rstmlifternabutfial
defibrillation. J. CantieMasebiasiiRiRby s haracteristic of channels that have been depleted of calstabin2

(FKBP12.6) (Brillantes, et al., Stabilization of calcium release channel (ryanodine receptor)

20  function by FK-506 binding protein, Cell, 77:513-523, 1994). This abnormal channel
function in AF is consistent with previous studies demonstrating that the loss of calstabin2
(FKBP12.6) from RyR2, in the setting of PKA hyperphosphorylation, results in "leaky
channels" which are predisposed to a diastolic Ca>* leak that is secondary to an increased
sensitivity to Ca®*-induced Ca** release (Brillantes et al., Stabilization of calcium release

25  channel (ryanodine receptor) function by FK506-binding protein. Cell, 77:513-23, 1994;
Kaftan et al., Effects of rapamycin on ryanodine receptor/Ca®*-release channels from cardiac
muscle. Circ. Res., 78:990-97, 1996). In the absence of calstabin2 (FKBP12.6), channels are
also known to open and close (gate) stochastically, rather than in unison (coupled gating)
(Marx et al., Coupled gating between individual skeletal muscle Ca®* release channels

30  (ryanodine receptors). Science, 281:818-21, 1998).

[0069] Evidence suggests that AF is typically initiated by premature atrial

extrasystoles (Bennett and Pentecost, The pattern of onset and spontaneous cessation of atrial



9:122-28, 1998; Wellens et at, Atrioverter: an implantable device for the treatment of atrial fibrillation.
Circulation, 98:1651-56, 1998), and has been specifically linked to early afterdepolarizations
(Burashnikov and Antzelevitch, Reinduction of atrial fibgjation immediately after termination of the
arrhythmia is mediated by late phase 3 early afterdepolarization- 10induced triggered activity.
Circulation, 107:2855it6hnd003h. Exiramystlen miegsartive)anyidikeky ktogive isaltadd aftdhe setting of a
shortened atrial effective refractor i ng etal., Regiopal functional faé%ﬁ;r termining
induction and mafﬁ%ogglnzégogf Z@ﬁ%ﬁ%ﬁg’tgﬁ%ﬁ BB RS 9 2%Ph ?I%?t . %%frﬁfggy ,li%ggs,gsimilar to
that which accomfemiéb4itfraBel 8¢Tic Rereitintign i AFlm1a0qiexesypdas daunadiatrly follawing evidence
that the aberrant gigsiolio @ 2He 218 3%en 5 O0rhs heakybsEkd (M RABRA%E oLy ater MR 2eifiviisn
delayed after-depolarizations (DADS) sufficient to trigger.lethal ventricular arrhythmias (Wehrens etal.,
12,6 coli R AL B S e 7 PR L A 9B Bt Gt LU RRE R inked t
exercise-induced 228 tea8tidéctianthy. € chrdhera2aunpRoapldtdevivelfevtd tratmkidyfstraktional
RYR2 calcium handlifg mav-al50,561 56! pesiliRta dde)in 4 S Ik RRe iRk ] imidnoen) ghannel

function observed by the inventors may contribute to the pathogenesis of AFbttP)_%prov_i Ing. a source of
DADs necessary f6paiagarinng BrraghnikRtisan 40 2elavitpht thien@f 2fripkibmtationdrmedidifing that
is integral to the refepRaliR@tRivcss asvaniated metdiatbe by el GiNgafitidepulatatempresented

herein that afrial myocardium from humans 25with. AF, jo.t ing.Qf heart failure. i
PKA-hyperﬁ%sphngpﬁﬁgloggga%ggﬁyé o ‘ggfé‘{'é&.ﬁgﬁg%g@?g@? ﬁ‘gﬁfﬁé{{%@ﬁa r&%ﬁf lHjarr11(¥tion may
explain, in part, tH&shetpgireyissitatiintinyeringes ashioropediamial efgorrergincsnopstigsiilyaerepair a

SrlloeCiﬁC m0|eCU|aET'€)V,Qi6§%ﬁﬂJﬁH%ﬁoﬁ@l'%@ﬁc}s J&@é}ﬂﬁgﬁg‘ﬂ?ﬁ@ﬁo‘ﬁ mi&rﬂrigwgaqce?ﬁdfdate fora 30V6|
therapeutic agent, JTV-519's potential 30is underscore gyt e growjng number, of important cardiac
diseases, incIudir‘fﬂ’ﬂ%ﬁ‘r‘f’?é‘ﬁﬂf’gsaﬁﬁ"fétg(’%?(trigﬂﬁléﬁrﬁ tﬁﬁ?@s?‘fﬂé?ri ?/g\?/tewiwg'fﬂﬁcé‘aﬁ?glefegulation
of RyR2 (i.e., PICid tleyperiphmepéionylation and loss of calstabin2 (FICBP12.6) from the channel
complex may be important contributors to their pathogenesis). [0072]Initial studies of )TV-519 focused

on its anti-isthemi®0pPbpertie SAFhictssed ¥bors infoidensetha) thoeherat dirgieisSweveleasrv-519 has
been shown to inkikit GéaklyICERA B peipHdspKaIHIeI RERIXRETIE AT déis paqgel-aésHakitrlation (Kumagai

et aL, Antiarrhythpic.effects of JTV-519, a ngvel car?io rot ctivegﬁj , on atrial filrillation / flutter in a
canine sterile per{cBa/Lgrl; |ssur%1%éféll\g.%.tﬁg§(§i%\t/%zg?ﬁgg Er’cr)pﬁ%élo Hay %%sftﬁi)o . h]?s'g;tudy did not,

however, define téfigiraeh andsiefettivricticivhi chlaTocismgeitipanstdidet resdpaticivilitiomtidkadimtenance of
AF. exercise-induced sudden cardiac death. Cell, 113:829-40, 2003). It is believed that

20  dysfunctional RyR2 calcium handling may also serve to initiate AF in a similar manner. The
abnormal channel function observed by the inventors may contribute to the pathogenesis of
AF by providing a source of DADs necessary for triggering AF, in addition to contributing to
the dysfunctional calcium handling that is integral to the remodeling process associated with
the arrhythmia. Given the evidence presented herein that atrial myocardium from humans

25  with AF, in the setting of heart failure, is PKA-hyperphosphorylated and depleted of
calstabin2 (FKBP12.6), dysfunctional RyR2 function may explain, in part, the frequency of
atrial arrhythmias in AF patients.

[0071) JTV-519's ability to repair a specific molecular-level defect in RyR2 calcium
handling makes it an intriguing candidate for a novel therapeutic agent. JTV-519's potential
30  isunderscored by the growing number of important cardiac diseases, including heart failure

and fatal ventricular arrhythmias, that involve dysfunctional regulation of RyR2 (i.e., PKA



10100731As demonstrated herein, the inventors have determined that treatment with JTV-519 (1 pM)
allows recombinant calstabin2 (FKBP12.6) to bind to PKA-phosphorylated RyR2 that has been isolated
from normal canine myocardium in vitro. Association ofgalstabin2 (FKBP12.6) with
P1CA-phosphorylated RyR2 did not occur with untreated channels. Re-association of calstabin2

(FICBP12.6) withiiR.chaspnehtaivpiax [estereastiing (maslneyarintiichahieamiaphayiated

channels. Thus, restoration of E%Rz-c annel function may play a role in the ability ofJTV-519 to inhibit

the inducibility antPRISHESPRHERS Sibt\%t 58 8%}}5‘%%%" ' y Kumagai et al. (Antiarrhythmic effects

ofJTV-519, a novgjggafdioprotgstie da (@yrairiabiibeliaion #ilicsinemeanine aiaiiemarcardits
model. J. Cardiovasc. Electrophysiol., 14:880-84, 2003). ZOfaQ(O?A]fg\trial fibrillation isn}a}&c,omplex
electrophysiologiCAmYRiatoRs AT Mt sty ebrrgees fidy b B2 BFRR SRR IR Wb rrant

myo_cardial Ca2+ ihM%@ﬁ@pW&iﬁmﬁﬁMms@mﬁmw td athialdibe_'ﬂse'eop r@@mﬁ&aﬂ'hezmve ntors'
S S AR IRAC Gl G siclease ARl el R i EigHlR flom PICA

hyperphosphorylation o 2, may contribute to the remodeling process in AF, and could potentially
serve as a 25trigdittesing epinhHaTIe BvasaviEin BRd b /T Featiaurse dfacrraleritor 41 A5RAGH OB o

[0075]In accordange Withytia feraaniee:{aermease feuniapionrpigy WRisIIMes10dfpadisaitirg or
preventing a decre sebin. the hevel of %}/RZE%&und F1CBP12.6 in a subject. As used herein,
"FKBP12.6" inclulfS4 Y ARG BRBISTIE Sf¥ein" and an "FKBP12.6 analogue”. 30Unless otherwise
indicated heggin, iayRp shall JRGAIS.A LI AR, PIOTRIRHATAN, RARGRIYE: ARERIAG RN any
fragment thereof. An "FICBP12.6 analogue" is a functional 32 variant of the FKBP12.6 protein, having

FICBP12.6 biolodit¥r HéklisMilorssesombiaam salsabin{FioBRL ol éybiad te Hisholiotpieitatide
FICBP12.6 proteiRy¥stidf the besieonreg ifothio i ahie Ry dcaAibin ngieal. atbadiatibafers to the activity

of a protein or peptjde, th strates.an, ahility to assqgj sically with, or bind with,
unphosphorylategaésrtar%’hf-lhgg@ggr ho: p%]&l%%‘ﬁ?&ieg%?#%ial |rr1'8t8f é‘ﬁ&b@(ﬂﬁ%?gﬁdtwo fold, or,
more preferably, epprekinReelsdoiaifoldf ciaamnth@FKBEKGO trith Biadhagnet eomelgatiesiozentrol), under

the condiions of g ArsmiPRCFIRRANRISIRsAALAD Al MAL R AUIBSERbRIIIALAIFKBP 126
100761In addition, as used herein, "RyR2" includes both an "RyR2 protein" (e.g., 10 atrial RyR2 protein

or ventricular Ry FHOREMY RIRY arplestths ehilipf Y R e bl tha Rlneivility 3nd BibpERARSFiant of the
RyR2 protein, havﬂlg:&pBBshicﬂogbcghaﬁ@viw,dhmmmﬂﬁmregm&tefHrvhsmminb@aquence homology
with the RyR2 pr%%%p’?&egg\%j drr]t%r,ec;rrl] atrial fibrillation / flutter in a canine sterile pericarditis model. J.

Cardiovasc. Electrophysiol., 14:880-84, 2003).

20 [0074) Atrial fibrillation is a complex electrophysiological process; its molecular
pathogenesis is likely to be multifactorial. Aberrant myocardial Ca®* handling appears to
contribute significantly to the disease process. The inventors' studies suggest that abnormal
intracellular-Ca’*-release channel function, which results from PKA hyperphosphorylation of
RyR2, may contribute to the remodeling process in AF, and could potentially serve as a

25  trigger for arrhythmia.

Novel Methods of Treatment and Prevention Using JTV-519
[0075] In accordance with the foregoing, the present invention provides a method for

limiting or preventing a decrease in the level of RyR2-bound FKBP12.6 in a subject. As used
herein, "FKBP12.6" includes both an "FKBP12.6 protein" and an "FKBP12.6 analogue".
30 Unless otherwise indicated herein, "protein" shall include a protein, protein domain,

polypeptide, or peptide, and any fragment thereof. An "FKBP12.6 analogue" is a functional



the term "RyR2 analogue" includes RyR1 - the skeletal-muscle isoform of RyR2 - and RyR3. The RyR2
of the present invention may be unphosphorylated, phosphorylated (e.g., 15 by PICA), or
hyperphosphorylated (e.g., by PKA); preferably, the Ry32 is phosphorylated or hyperphosphorylated.
As further used herein, the term "RyR2 biological activity" refers to the activity of a protein or peptide

that demonstrateg.aanabilths IKBIE0P PR RY Bisall/PRIUP] 0% Bt Y aEtVRY, Wathbs 0% isrding of
approximately two fold, or, more preferably, approximately five fold, apove the backgrqund binding of a
negative control) TFAEEFIHRCATEGRRTBISE %?’?ﬁ?eg%'sysvg%{’aé%%é I’fé?%llﬂ ; éﬁ%%ﬁtg?{ 'a'%‘flg?llflveﬁ’?ay be
different from thatheftéyRPKRERI 2 tltiel aied ibédtdloteas ththeastiviy pjamodine cepaptlsitbRyR2, is a

protein complex cappiging: IWLRRR ARSRIIE PR R AIHL B IRESIRSIRIR MR Rt dr:0R0- dalton
FICBP12.6 proteins. FK506 bindinﬁ{proteins (Fp}gg%sg are cls-trans pe tidgﬁ}%yﬁzasomerases that

are widely expredyBerPAetparKiated BXRAG br tndiepiarRipsimately, M OB BREHPIEREA bound to,
and regulates thepprociiaatay, vy Rild Fakd3® 1lie. Gabkigeimiad theiky &2 abgatinekannelyaidaute per RyR2

subunit, stabilizes fyfRg:ehipnpel ycionansdas]inies SouRInd 43UH0 BetusrRaeialbging RyLL2

ili
channels, thereby preventing aberrant activation of the chiannel during the resting phase of the cardiac
cycle. AccordinglKB81%s@d 30 herein, the term "RyR2-bound FICBP12.6" includes a molecule of an

FKBP12.6 protei is bound tp.an RyR2 protein sybunjt.or a tetramer of FICBP12 6 that is in
association with goigg mer o?ﬁ@%ﬁfo?h% f'é?ﬁwhﬁﬁ)l}hzgﬁggnﬁl ﬁw eﬁgyo |nBTﬂt(§1éls gfh‘"RyRZ protein
subunit 33 tHat isthelURyRpsoteiolecvdatidbar RYBBEoRi6)prdiaif RyR2 1ettegnet. giiR\WRR2hat is in
association with g igaeg %F,#&%é?vﬁiaﬁhyﬁhéq{gﬁg%@a%ﬁiwﬁ Ry RaheHRd RiBP12.6 in a

subject” includes a decrease in the level of FKBP12.6-bound RyR?Z in a subject, and a decrease in the

level of a FICBP19s8%% prereslfifminmasiduppercshomeings JEbsaRiEe Rtk e P EFbEES Mhe present
invention, a "decteaseni'RYR2 |enadd pieRiyRddboRyRI | FKRR R Aefa lrmm sidojesonafef RyB A-datbectable
decrease, diminugi jon n.the level of RyR2-bound FKBP12 6 in the subject, Such a
decrease is Iimitgﬂ(f]g? ng\ggr?t%% (f?]tlﬁ? rselsj%]\éléf%g@]ntﬁébb ect ehgggl%f)sr)fﬁatgg’ \‘}voa?ﬁ?glﬁ%? Eéf't“f’dered,

impeded, obstrudte8Kén retipmsrbyspherdated tetrdtiotKénumizady shedisditiisatiesehowateden that the

10level of RyR2-hguunshbsiRRALd Imtha-abiact iRih@E than ik yroulsh ieivss fe Rithe@bsence of
ITV-519. The "level" of RyR2-bound FKBPlﬁ?ﬂiﬁ%r%q%%%ect refers to the oyerall level in the subject,

including the level bRy IRPHA RIS RICRRPYYS E&iPRGREHBIHS, HSLTIAL PIwRRUN ST
cytoplasm or nudieuisy i, t(FIEBRIB}€ ¢t.eB pindiye of eperoiietetyawododd cne asadprifigablerall level of

RyR2-bound FKBE& Gridif 194 RIRCLEBAY (REBERRTIRE TiRAh i B PY ﬁegﬁﬁfé?é’o?ﬁrl%,thﬁdk‘?‘(ﬁé of
RyR2-bound FKBPI2.6 in the blood, in a tissue, and/or in cells of the subject. [0079]The level of

RyR2-bounddK 8P 84 Beas drssribadduteitadioysh affinipymay be different from that of
RyR2.

[0077] As described above, the cardiac ryanodine receptor, RyR2, is a protein
complex comprising four 565,000-dalton RyR2 proteins in association with four 12,000-
dalton FKBP12.6 proteins. FK506 binding proteins (FKBPs) are cis-trans peptidyl-prolyl
25  isomerases that are widely expressed, and serve a variety of cellular functions. FKBP12.6
protein is tightly bound to, and regulates the function of, RyR2. FKBP12.6 binds to the
RyR2 channel, one molecule per RyR2 subunit, stabilizes RyR2-channel function, and
facilitates coupled gating between neighboring RyR2 channels, thereby preventing aberrant
activation of the channel during the resting phase of the cardiac cycle. Accordingly, as used
30 herein, the term "RyR2-bound FKBP12.6" includes a molecule of an FKBP12.6 protein that
is bound to an RyR2 protein subunit or a tetramer of FKBP12.6 that is in association with a

tetramer of RyR2. The term "RyR2-bound FKBP12.6" also includes an RyR2 protein subunit



assays and techniques, including those readily determined from the known art (e.g., immunological
techniques, hybridization analysis, immunoprecipitation, Western-blot 20analysis, fluorescence imaging
techniques, and/or radiation detection, etc.), as well as gqy assays and detection methods disclosed
herein, For example, protein may be isolated and purified from cells of a subject using standard

methods known inghe agbyinAdingaiibertliskissione i astinn fremtheraefiRametiswith a detergent

that solubilizes the protein) where necessary, followed afflnlty purlflcatlon onac
chromatography (8S§CCiRencvEha tzgﬂmcﬁfy m%ﬁpﬁcfpn"aﬂ?fﬁcﬁﬁfﬂ B §ﬁ?fb°5®§£€h8 B?eupltatlon
(e.g., with |sopropamimac$ i reah @t 'sucldes aldezed)sd sotadi taved O RKBRICa6idouwiitReR3ratein may be

followed by electroporesie,(e.f. 040 AOSAWEFRABIIS IR SR RS I dle level of

RyR2-bound FKBPIZE'iR a su Ject or miting or prevention thereof, may be determined by

comparing thesamgjgpgiof RyR@nQ@éﬁ?&bEé@Bﬁlﬂ%@ HeipetetiRyinedsnihe adistinististienefia (0
her 1,4-benz th| derlv tive, in accordance

therapeutlc/preventlve (e g., J I ano ine
with methods desc?’ﬁ’éa %ﬂﬁ Eé%ﬁ@ﬂ?é%ﬁ&&fé&f%{s tﬁl?a f&° Zrtr’?g att reﬂrz’lsaedmfrrlﬁm%ratn oA of the
therapeutlc/prevenammgﬂntthaléﬁ:om -tioenhEKRRI 26 tinghe abgnat. ibuehdcacraade tsrbmgedinrthe level

of RyR2-bound FKPI? varted IR ReY) 9&%&&9mmdgalé§59§sthﬁaﬁymgfmmayhmémtmﬁeawevented for
example, by inhibiting dissociation of FKBP12.6 and RyR2 in thé subject; b%hlglcr;gsﬁ% binding

between FKBP12 ePatstrdyrosAugsd %B]%E‘E“B?lbgﬁgﬁtﬂﬁi% %f]%(myl‘h’i Hlﬁsfh:ﬁn the
subject. As used Heveiof fyRbevoand WRBENY dlis siaciabjert iinikieiethdnl tioking] etbereasiginittieibiting,

imiting, or preventing the piysicabissonialon ok SEpRrENSRQl A1 EXEPAA . SHAUR B BRIRVR?

molecule in the su%jec |ng ecreasmg |t|ng, Imiting, or pre entlngt e physical

dissociation or sedav%ltloﬁheﬁmﬂyﬂdqﬁéﬂeféaI@Wb@ﬁWﬂBP@S%B&ﬁiﬂlﬂlﬁl’ﬁ’éogﬁﬂjéét‘lwgffhrther
used herein, the tef@,dalRrseRsiag. mmM&m%§M%§chma%dn%9a&lygfeimomm dhe ability of
or more preferabl B ORHETEIE Al SEURHE BSOR oL BALHG 314 NeGtIe Baran in the
subject, and éhhahgindgdrese asihglevelinfByR2rzpthe BOBRY 206 FIP(}EFBIQOG,t'm agsosizedfsnysicdiy with
phosphorylated Rg%e(gugjegg_ind_ing of approxi_mately 15tvyo fold, or, more preferably,_ approx_imately five
fold, above the background binding of a negative control) in the subject. 10081]Additionally, in the
method of the preq;wm]nventiomaldecwmitbmdmmwmsbajamwﬁgﬂmﬁdmhg( subgaet (e.g., in
cells of a subject) rgs%xs anoll €C gq\%spxrnec mgCéhose readily determined from the known art (e.g.,
immunological techniques, hybridization analysis, immunoprecipitation, Western-blot
20  analysis, fluorescence imaging techniques, and/or radiation detection, etc.), as well as any
assays and detection methods disclosed herein. For example, protein may be isolated and
purified from cells of a subject using standard methods known in the art, including, without
limitation, extraction from the cells (e.g., with a detergent that solubilizes the protein) where
necessary, followed by affinity purification on a column, chromatography (e.g., FTLC and
25 HPLC), immunoprecipitation (with an antibody), and precipitation (e.g., with isopropanol
and a reagent such as Trizol). Isolation and purification of the protein may be followed by
electrophoresis (e.g., on an SDS-polyacrylamide gel). A decrease in the level of RyR2-bound
FKBPI12.6 in a subject, or the limiting or prevention thereof, may be determined by
comparing the amount of RyR2-bound FKBP12.6 detected prior to the administration of a
30  therapeutic/preventive agent (e.g., JTV-519 or another 1,4-benzothiazepine derivative, in

accordance with methods described below) with the amount detected a suitable time after

administration of the therapeutic/preventive agent.



by directly decreasing the level of phosphorylated RyR2 in the subject, or by indirectly 20decreasing
the level of phosphorylated RyR2 in the subject (e.g., by targeting an enzyme (such as PICA) or
another endogenous molecule that regulates or modulgtes the functions or levels of phosphorylated
RyR2 in the cells). Preferably, the level of phosphorylated RyR2 in the subject is decreased by at least
10% in the methqdogbthe prese fieimeaiact.thd peesgieiiakalibn, héctesst af plaosghof ReRecbRYR 2 is
decreased by at %. 25f00821In accaordance with the meth h i Q.2
decrease in the I?\Z&é £10?1‘:?F§y1f-]2§Sl%)% e%%(]}?—q(élll-’?fﬁGo?sﬁ]ﬁﬁﬁltgac@rnbal%e?/ee%%g? %nogpgéi%ggé’(?{&?%nﬁglghs of a
subject). The subjedrtsbiting gieseeratinmaf ikt dief ané RyR2an theetubifele g caspppetimdigoirds, fish,
mammals, and MgSKRIAIKEIMBIS e TRIRD Y thEnaBUNabL8yhabilliAlan RyRIIFRIIE 26itdalpiekch as a

cat, dog, monkey, mouse, or rat; or a commercial animal, such as a cpw or pig). In. 30 certain
embodiments of tA&BLISAE iAvITAOATER K4FER: FRubIgP 358838?3&18@8#593&3%’% condition.
Examples of a "cdeciensiegriditivititgntitoitiag it e editng shiophysaad idissegidtisin prisep{mtipn tdehycardia;

atrial arrhythmia, ipglpgingaitiah ReRMARHE il Hebigeiatiensadheiasiaged and

non-sustained); ventricular arrhythmia, including ventricular fibrillation; and exercise-induced cardiac
arrhythmia), hearrhibiting, Hmitigettrevintine 8y ehirifahdisspgiation @nsPaabeBAEaRYBRe arrhythmia is a
disturbance of theneletild drinm el BB heshiaaiit ih sHeSoteife slsfashanuatihisia)ityeitedreart rate or heart
rhythm. Tachycartdia (e.q., atrial, junctignal (nodal), .ventricular, .an ro hycardia) is a
condition as?;:(?)ciat]él(c:lr velst%gegiggaisn |vg%1[8)f i%l;ﬁ’l%n% ng’a{gctzlrg?lsgﬁﬁglwggﬁ% at)rﬁt\lésé&ﬂaﬂrl?{/%v%hen the heart rate is
above 100 per mphosrhentaedh Rylihivaisosiasatysisathn d8sbERES 8 Wiets ahindag obamprenitaichormal
heart rhythm. ExeggissrdnsiliaRik GREEASIABYHNTHNRLI A NE RITICARNEINR b8eUersui@BiiHsasthibrillation or
10ventricular tachycardia, inclydin a%thatl ads to,sudden cardiag deathliiftﬁtglt qae}velo s during/after
a subject has undERABYFC IR B %cé.i?ﬁ)‘gﬁ'iﬁﬂgd EHASRE LTI ER %A BT B ta&hyarrhythmia.
More specifically FEBRl Xib til atsoridte ahysicaliyonth phosphoey atedi RR 2oderzoronalisgoff impegpuliamakedart rhythm,
wherein eleqyicalsiaRaiSRI AEprBIat - BARUEHM A RHARRL L ERC RPELBAMIRR Rl R, Of the 15

heart. Common symptoms of atrial fibrillation include; without limitation, palpitations (an uncomfortable
awareness of the'FEAMeCPRBRD A PaYjEtAr beat). Atrial fibrillation can also result in blood clots that

navel from the h the brain,.causjng sfroke..Current treatment of. atrial fibrillation involves control
of risk factors, aﬁr@ﬁ% tration %Q%%&@i'f%nn@%] g%(\)/(l\;l Féﬂﬁggrs‘te'r‘éfgvg?ln %’rac(gﬁ\r/eea?f t]fq(g]ﬁre]:%?}{[%tsnormal
rhythm, and prevBk&rainddikBRdatfons sduest deimtationlisrHicobiedtmay ba bossi-eearefeilade is a

condition manifesieaougeirased sRTiRreLifunmiAT(CoRYRS L Qlied 15 imimpipms of hear

failure includg sh%rtnes,s of breath, decreased exercise toleran.cef and early muscle fatigue. 10086]A
"candidate” $9r a CAFeASREBA e @hgsPhardried RYRodnhe PIREA Saltirigfeeting an enzyme

(such as PKA) or another endogenous molecule that regulates or modulates the functions or
levels of phosphorylated RyR2 in the cells). Preferably, the level of phosphorylated RyR2 in
the subject is decreased by at least 10% in the method of the present invention. More

preferably, the level of phosphorylated RyR2 is decreased by at least 20%.

25  [0082] In accordance with the method of the present invention, a decrease in the level
of RyR2-bound FKBP12.6 is limited or prevented in a subject (e.g., in cells of a subject).
The subject of the present invention may be any animal, including amphibians, birds, fish,
mammals, and marsupials, but is preferably a mammal (e.g., a human; a domestic animal,
such as a cat, dog, monkey, mouse, or rat; or a commercial animal, such as a cow or pig). In
30  certain embodiments of the present invention, the subject has, or is a candidate for, a cardiac
condition. Examples of a "cardiac condition" include, without limitation, cardiac arrhythmias

(e.g., tachycardia, atrial arrhythmia, including atrial tachyarrhythmia and atrial fibrillation



25is a subject who is known to be, or is believed to be, or is suspected of being, at risk for developing
a cardiac condition. Examples of candidates for a cardiac condition include, without limitation, an
animaUperson suspected of having cardiac arrhythmia {¢.g., tachycardia; atrial arrhythmia, including
atrial tachyarrhytlunia and atrial fibrillation (both sustained and non-sustained); ventricular arrhythmia,
including ventriculgstiltitaties and o3t axined ecntitlleck ahydiataatitlydingiagranclitar fieditadaiyure; and
an animal/person who is known to.be. or is eI'eve? Q be, or is suspected of bei Lrisk for
developing cardiaacmgﬁ ef/(f sFﬁllréJ%é;.eS C‘ifé@ Cy%rglﬁghg? & rig a&ﬁ?@fﬁmﬁé&%é ﬁﬁfngdélt??é:%’z@ﬁr)}grf 13‘}ltchmia and
atrial 36 fibrillatio#egBoth sustained and non-sustained); ventricular arrhythmia, including ventricular
fibrillation; and exercise-induced cardiac arrhythmia), heart failure, and/or exercise-induced sudden
cardiac death. [008%A "candiGAIEF A BYEVRIA L hesREs RS e 55 ety A BrertHgtis sknown
to be, or is believednifdss apnisabusprity dndiehe g, atesk dotideyEopiegrdar@ige aridlypimetianal

during/after physiggl gielcisg.Framplas Al sadtaieds SxesiaRinduseseaiaeattylomia include,

without limitation, an animal/person known'to have tatecholaminergic polymorphic ventricular
tachycardia (CPVIRPditY #niha 2 ebhsheib pastrsloAn Whep e Yep Al BibavRi N RersyR- whho is known
to be, or is believegigahfythmis LAIuEResE Athring Wil iskiiepilenslopingroaidiaeatinyihmia
during/after physical exercise, and who i out 1o exercise,.Is currently exercising,.or.has just
completed exercitd RE e T A LRSS a1 et el g A e e e e
structurally-nérmakehtigpiar tadbyehrdiadnstidies Byysiredeadisdo seddercramding deatie s dedrdops lethal

arrhythmia that mayigauser sudeied kY diasrgRhyaavbisetswith CPVT, physical exertion and/or
stress induce 15bidirectional and/or polymorphic ventricular tachycardias that lead to sudden cardiac

death (SCD) in thﬁ)ws];ence oAdia_ﬂet‘dia‘bidcstﬂaaWd@adf@ﬁsl@amymdiuidmls vpie_tbitﬁﬁﬂﬁl’ahh‘ve
e ot o HBIRRN L, SURIRRIE 0 SIS <R AR ARHIOR AR L feRy (0088 the

method of the present invention, the cells of a su L‘ect are preferablystriated m cells. A striated

muscle is a muscRefirifah Hiandheare pensuved shraticallycbronghay SoomRee CBMPAIRS #iHRBIR are

arranged in nagistiyathrougheist shepeslls bEatHENGLI IHRNSHENRR, idblite sl papikasmnay be
observed at the level o;a Iight microscogﬁ. xamples, of triate% uscle cells 'nq ude, withlout limitation,
omIo. € F;Q 8

i AR RS e ar Bl SHICURHARR AT RBI weed i

voluntary (skeletali?cmus% cefls ang car
the method of thergsiéisardnd eletivthastea velifrean thahdisicnsbisc siusieg sekeh €heimpt kreateremt "cardiac

muscle 25cell” ingltidgs GBFliaMEvOIR{IGHRItIcRIcadRAS ARG IR NS FRMaRaIIND Sbthabeart.

Cardiac muscle fibers are composed of chains of contiguous heart-muscle cells, or cardiomyocytes,
joined end to enthTrfﬁfé?éﬁﬁé?éﬂoaY%t,hTh%bt%lMﬂdg% HPRGHEIER CEARIRLERSIPES expanded
desmosomedextessokintedonk tilbed dlatisgerse portions, and gap junctions, the largest of which lie
along their longitudinal portions. 30100891In the method of the present invention, a decrease in the
level of RyR2-bol#f$HKBPI2 Beartfisiltselinp pradidananeifesisd bjedeqeagedipontiietits finstibject) by

administering JT5AdaApPorakincknhis waw: SiarpsmitcaRias dewes selsa! digauect and

JTV- . .
exercise tolerance, and early muscle fatigue.

[0086] A "candidate" for a cardiac condition (e.g., cardiac arrhythmia or heart failure)
25 isa subject who is known to be, or is believed to be, or is suspected of being, at risk for
developing a cardiac condition. Examples of candidates for a cardiac condition include,
without limitation, an animal/person suspected of having cardiac arrhythmia (e.g.,
tachycardia; atrial arrhythmia, including atrial tachyarrhythmia and atrial fibrillation (both
sustained and non-sustained); ventricular arrhythmia, including ventricular fibrillation; and
30 exercise-induced cardiac arrhythmia) and/or heart failure; and an animal/person who is
known to be, or is believed to be, or is suspected of being, at risk for developing cardiac

arrhythmia (e.g., tachycardia; atrial arrhythmia, including atrial tachyarrhythmia and atrial



37 519. JTV-519 (443-(4-benzylpiperidin-l-yl)propiony1]-7-methoxy-2,3,4,5-tetrahydro-1,4-
benzothiazepine monohydrochloride), also known as 1001, is a derivative of 1,4- benzothiazepine, and
a modulator of calcium-ion channels. In addition to regujating Ca2+ levels in myocardial cells, JTV-519
modulates the Nat current and the inward-rectifier IC+ 5current in guinea pig ventricular cells, and

inhibits the delayedractifiersmtantdn BRI R Gflls. EPA0 AL [ RRRAKEeAtR ElRIgS that
may be used to design other compounds that stabilize the RyRZ-FKBPlZ.Gmc/omplex in.the sybject of

the present invenfiSAIROB0RA FePreiralpnsrs sHdiaaieebehmiak Resp 131674 SRV BB CIi158S ble to
design and/or scregiidpcadmpdsattds that are structurally related to these drugs, but have the opposite
effects. 10[0090]In the method of the present invention, JTV-519 may be administered to a subject by
way of a therapeuf@8dmpositidiicandidaseisipreaarvissimlugsd epmsinsrrhvdiniadsg-wbishé canier. The
pharmaceutically-geaepiaBle Gasielidwisihr, @GeaniRkied 4 shasenss ehrgopippatiate with the

other ingredients of the compasition, and not deleterigus to the reci(B(ij%ntt ereof. The
om

pharmaceutically-2ERPRB R BB AL BRI So L s n e LR B SR OISR T L B S Adees

various Ofganic or inorganic
materials that arecasdist aslytieiidie ale phahoualimitited, forawlstimasonkdownithhavay be incorporated

as analgesic agerys, buf g{ﬁ,etr)é{yl%@mgﬁme&%ﬁlag{Héﬁ?éﬁdﬁméiﬂ*ﬁf Sin GEARIFIISoLHGRERES,

glidants, solubilizers, stabilize spending agents, toniCity agents, vehicles, and viscosity-increasing
agents. If necess&fﬁ%ﬁ‘&rﬁ?&é@ﬁ@@é&&%ﬁ@ﬁsgﬁb‘f*‘%@ kpavgxiadacsr S BeHaYRA o s ALts,
flavor-improvipng agesice@0rpeass iatings: &nelompeiatntsahginisdusiegisite gphisiaitesief
acceptable pharma%%e&ﬁical arrig—:rs include carbozr%/methgllnce(l)lr %geﬁﬁgg%ﬁig 18 ecxelrl(%(‘gfsg&lsgcherin, gum

. Q1S a (%llt O ©€XCrCIse, 1S i:urr?ln CXCrcr
arabic, lactose, magnesium stearate, methyl cellulose, powders, S ium alginate, sucrose,

starch, talc, and vdéﬁ@ﬁsadmbngeoﬂ?éfr@j&[@omhéiﬁﬁarﬁa&énﬂbéﬂlﬁ@ﬁmﬁbwlwoﬁ%émﬁﬁvention
may be prepared Ry; dnREHRAASYRILKNANR VO RIRF RasRuHERL A TShEIohByamRlhal 182y TV-519

may be brought into association with a cayrier, or diluen(#tas a usg nsion or sojution. O&tionally, one or
more accessory iNQFSTRAAEn cattiag deaths I ARIFRR AR Lo AMANE SRS YAHEL S5H8 198 Fie) also
may be adddd. Tlidohaiosabireiarr gyl ymibrgkio oratniguin tiebyrartiesshatdendriis sraldeom e BBV -519 may

be administered g sy B HONREUARIARATHERS (6 oREE AR BhacEiaRlBY i v In the
subject with the JTV-519. JTV-519 may be contacted with (e.qg., introduced into) cells of the subject

using known tech¥giriss ks By rexiahwherissird nosrercitsnhint Sa adts von stdirEmiRs Aeistacids, and
other drugs. Exa of 38 methods, foy coptacting, the cells with (i.e.,.treating the cells,with) JTV-519
flicaediy: S P e R e

include, without li on, ab ion; m n, injection, mtro n |E§osome
delivery, transfectitiatedamisiclsicatls vécsiasedimysotsradnusrld étivdrigh/ih itsless gl nike tlsardsmywsen the

target cells agg logglizach {nRMeHifHBLRAIR-ALa SHRIBSH ARG dRsiabldadpiraduce Sthe

JTV-519 directly to the cells, b){, injection or by some other means ge.gl., by introducing
transverse or oblique striations that may be observed at the level of a light microscope.

Examples of striated muscle cells include, without limitation, voluntary (skeletal) muscle
cells and cardiac muscle cells. In a preferred embodiment, the cell used in the method of the
present invention is a human cardiac muscle cell. As used herein, the term "cardiac muscle
25  cell" includes cardiac muscle fibers, such as those found in the myocardium of the heart.
Cardiac muscle fibers are composed of chains of contiguous heart-muscle cells, or
cardiomyocytes, joined end to end at intercalated disks. These disks possess two kinds of cell
Jjunctions: expanded desmosomes extending along their transverse portions, and gap

junctions, the largest of which lie along their longitudinal portions.

30 [0089] In the method of the present invention, a decrease in the level of RyR2-bound
FKBP12.6 is limited or prevented in a subject (e.g., in cells of a subject) by administering
JTV-519 to the subject; this would then permit contact between cells of the subject and JTV-



the JTV-519 into the blood or another body fluid). The target cells may, for example, be contained in
heart tissue of a subject, and may be detected in heart tissue of the subject by standard detection
methods readily determined from the known art, examples of which include, without limitation,
immunological techniques (e.g., immunohistochemical staining), 10fluorescence imaging techniques,

and microscopic teghnjgyes; d PAPRIALSHORAL: ARG JH¥roptchl NE SRR I Sisian ey ke

administered to a human or animal supg#ﬁect by known procedures includin‘% withgué limitation, oral

administration, paPerPA%EaRaHoR ochinTidel Aok PoarAS KR ls Lo B BYFY Y, the JTV-519 is

administered paressiexahiz&irepiiabciabduittacapsildamifdiabaaned, IbaddsioutmregusiiaEathecal,
ntramuscular, It AR e N RIRU Y RETE Rll BYRACU IRl RKRROKS,

parenchymatous, gm%cu.a eous, or sublingual injection, or bg?way of catheter. In one embodiment, the
agent is admifistensterbinayiseb pis pRTalp et gaddohiitBs e B e it TS cRITE ML S atheter

inserted into the syipiaeksdaaarFRAIPMHEARYEH aduinistratinny de)Tvd5d Sekormaletiomtpadse

presented as capsules, tablets, powd ranules, or.as a suspension. The formulatio have
conventional addifk?ég,ag &R 55% %’c# s%‘?efag rr%%ﬁifgw%gﬂnst are lﬂ?%(r?ﬁ?)k[%etgrg glrlgzhnv%ﬁleo I%bri}rrﬂzgﬁgtion also
may be presentecwitiapsmgandchdissasiae/BkRRh2 Cotiol RsR2cdllif oses tia oatpoies, andmeisereedrn starch,

or gelatins. Additigpally, (5, i1 At R e IRE RIS IRACIHLL BINBARIN Spsbish ofecas com starch,

potato starch, or sodium carboxymethylcellulose. The formulation also may be presented with dibasic

calcium phosphatgesupydrousigigaditivdssatepeseoiatenfonAllly the inaybéatdarinisasede presented
with lubricants, such .as talc or magnesium stearate. [0Q95IFor W—E‘%@L?ad INisANOR.HS -
administration by frlf}’é%%é’x qu% ar SFel%(t:ﬁg f Hr?[nthcé) a |rr§en t%ry canal ) ng V-519ur_nacg/ b]9e combined
with a sterile aquesterabletioniao TharhspreserétslyraeteniblyHmpcBIgds oreasetadlpjdtihaytiifa

fohrmulc'lation r”ay bﬁBéﬁi%%@%é%@Sﬁﬂi\ﬂﬁ%ﬁé(ﬂ@%ﬁiﬂ@d{lﬂ&d@ﬂﬁﬁéﬁiwﬁﬁﬂﬂ g@?@ﬂﬁfﬂﬁus to IE]he
physiologically-compatible substances, such as sodium chjoride, glycine, the i aving a
buffered pH 39 cé‘?#ﬁgﬂbfgeﬁ‘:iﬂg Bﬁf/é’?bﬁ%?&%‘ft%%fgﬁ%?gg %ﬂ%’gprcf’g%eg g%r%%ﬁesg%g?éao ttion, then
rendering said solvaionsstegilec Thisdanialatienalsaatagresanmadténanfoophamiaceldisel containers, such
as sealed ampoulgganyigl; JRAJRENHAINBaYRaACN I BY AN NRAR QS dRiggton including,

without limitation, epifascial, intracapsular, intracranial, Sintracutaneous, intrathecal, intramuscular,
intraorbital, intrap8tBREAN ntilisaa S Sst AEIPIFRR FRCEsEY, sHien Sk st Sehlstous,
subcutaneous, or suspditdingdgaitd) yoniayyalzemt etaiciedaildeistsjesiadiaaing 406 Aidnécansderral

admiistration, JTYS19 may.pe,gombined with skin penetration eOlANGE S SHE AR RIRPYENE gveo

C

polyethylene glycg ,alsopropano ) ethath)lf,
20  preservatives, and sweeteners, may also be added. Examples of acceptable pharmaceutical

carriers include carboxymethyl cellulose, crystalline cellulose, glycerin, gum arabic, lactose,

magnesium stearate, methyl cellulose, powders, saline, sodium alginate, sucrose, starch, talc,

and water, among others.

[0091] The pharmaceutical formulations of the present invention may be prepared by
25  methods well-known in the pharmaceutical arts. For example, the JTV-519 may be brought

into association with a carrier or diluent, as a suspension or solution. Optionally, one or more

accessory ingredients (e.g., buffers, flavoring agents, surface active agents, and the like) also

may be added. The choice of carrier will depend upon the route of administration.

[0092] JTV-519 may be administered to a subject by contacting target cells (e.g.,
30  cardiac muscle cells) in vivo in the subject with the JTV-519. JTV-519 may be contacted
with (e.g., introduced into) cells of the subject using known techniques utilized for the

introduction and administration of proteins, nucleic acids, and other drugs. Examples of



10oleic acid, N-methylpyrrolidone, and the like, which increase the permeability of the skin to the
JTV-519, and permit the JTV-519 to penetrate through the skin and into the bloodstream. The
JTV-519/enhancer composition also may be further comgpined with a polymeric substance, such as
ethylcellulose, hydroxypropyl cellulose, ethylene/vinylacetate, polyvinyl pyrrolidone, and the like, to

provide the compgsitiRasifopalfasihg i daInaie 4isselvpdnd cthavsalyeny-suethasde) ettivdene
chloride, evaporal']ed.ttc%.the gesirted Vi cg{sié%f ?.nd then ae}plied to, bac iggurqater'lal 'gg ana\c/ilq,g a patch,
[0097]In accordantB T AS RS S 6F TR paréosf‘éh hVeR |’o'r"1r’,eﬁtf£<?-’§'1 mfg)}qtr)lé &dministereato the
subject (and JTV-Basfastiprhavsfusienceeoions, ead sthénHagdeliwery hekislessme dfidctiVéign thenit or

prevent a decreasgriRihaauelRIBYRE-PpaacuRKRIR LA GrindifedORRIGEL RRMHBHAhiRERES Of the

subject. This amount may be _readil¥ determined hy the skilled artisan, based upon known procedures,
including analysis HW\%&% PRSI U BTN BY THEGHRS: X Y Seraa-URY MItAns S8y DyiRERsueiterein. A
suitable amount ofkl M5-59% Heativditodioritatipchodptfmide cTeaseget talslenme| fok Byamplydand

FKBP12.6 in the sybiegt MAY/ANAR IOPaBgu SIOISRIQ AR AR Falkajday .oy, may be an

amount 25sufficient to achieve plasma S ranging ffom about 300 ng/ml to about 1000 Kg/ml.
Preferably, the anstafaréfiregtonoeginde seaditn detsounned fiogyithy dagWwo absurmplenefigrighy. [0098]In
one embodiment gicihg Praseit IRNERTmRESWRE BamigMsederaiopadstaridias aamdigion, such

as a cardiac Pg]rhyﬁhmia e.%.q tach (;,ardia; atrial arr,hg/thmia, including atrial tachyarrhythmia and atrial
fibrillation (both sus Aned and AoREstis %fﬁug&)‘;arlodd%: ?ngﬂfﬁﬁegﬂrﬁﬂ?ﬁ nia, including ventricular fibrillation;

and exercise-indugggsgardiac ApiniAmMNmASRY Y UAROpRIGHSIR-IROh GRS SUEHRRiSRIdias feath. In

this case, the amount of JTV-519 effective to limit or prevent a decrease in the level of RyR2-bound
FKBP12.6 in 40 thHmensfetimihyuBisst Dakeh Procrvres 1igcbfiesiva B iméat e 2fdiac condition (e.g.,
cardiac arrhythmiadmiastedadhirparert@xpigitmishatias dliened eadriamutatnol) thefsdbigahe00991As
used herein, an am! _g\ltgolf' a ddru%ggéﬁ. ng'n 65aﬁ9)1;'e£fegtivie to reven{a§ caédiac .C{Jndition" includes an
amount of the drug ?eJ.g., JEVEETEYE é’cflve 0 5?e§eﬂﬁﬁcea]5 devd s|'5'mérl1 Gt Clinical impairment or
symptoms ofl the éeirainienconglititnatheenl antipnpitsulsh éreatibitehdtmpctiertisl miwspinal, fibrillation, the

amount of JTV-51Qafiestivadeapisxent At AbIlplien Mk be AR RO tRigsffective to

prevent palpitations and/or hlood . . - .
injection, or by way of catheter. In one embodiment, the agent is administered to the subject

by way of targeted delivery to cardiac muscle cells via a catheter inserted into the subject's

heart.

20 [0094] For oral administration, a JTV-519 formulation may be presented as capsules,
tablets, powders, granules, or as a suspension. The formulation may have conventional
additives, such as lactose, mannitol, corn starch, or potato starch. The formulation also may
be presented with binders, such as crystalline cellulose, cellulose derivatives, acacia, con
starch, or gelatins. Additionally, the formulation may be presented with disintegrators, such

25 as com starch, potato starch, or sodium carboxymethylcellulose. The formulation also may
be presented with dibasic calcium phosphate anhydrous or sodium starch glycolate. Finally,

the formulation may be presented with lubricants, such as talc or magnesium stearate.

[0095] For parenteral administration (i.e., administration by injection through a route
other than the alimentary canal), JTV-519 may be combined with a sterile aqueous solution

30 that is preferably isotonic with the blood of the subject. Such a formulation may be prepared
by dissolving a solid active ingredient in water containing physiologically-compatible

substances, such as sodium chloride, glycine, and the like, and having a buffered pH



clots in the subject. Similarly, where the cardiac condition is exercise-induced cardiac arrhythmia, the
amount ofJTV-519 effective to prevent exercise-induced cardiac arrhythmia 10may be an amount
ofJTV-519 effective to prevent exercise-induced palpitagigns, fainting, ventricular fibrillation, ventricular
tachycardia, and sudden cardiac death in the subject. Additionally, where the cardiac condition is heart
failure, the amourbaipdiible WM BSiIdIs I yenGRIdr SRk fadl predteaya o rrssum tdn/-519 effective
to prevent shortngesnsdot brg%ngoﬁiqﬁ)rnegts[?@eéqgr%seu Lerlc;;\n%e,bgnrole%%{(le\é 1rnlilnslﬁlgrf%ti Hgoisg the subject.
15[00100]The amount ofa rug (e.g., V- 5) effective 1o Z)re\féni 4 cardiac condition I a subject will
vary depending upotizinerspareicasaesedtonpoflesatyielisd hinSiuamajionangye delieasibley @ondiasn, the

subject’s weight, tensyRHnefuthifzsWhiet SrARdHpisashingRada Rt asmisistion of the drug
(e.g., JTV-519). This amount may I?le r adll%/ determined by, the skilled artisan baseii upon known
procedures, inclulIHBCERRROLF RITNSRRY TN W THRNIBY REARFIHIE &EABBAment of the

present inventionjithigsemayintratacdiargiteaysndis/ pokas loffective sdpreventsexendiegindlucdg cardiac

arrhythmia is an %9%5&{‘&%% ﬁ%g“bj%'gt\@;g)(_effective to prevent exercise-induced sudden cardiac
death in the subject. In another embodiment, the drug (e.g., JTV-519) prevents at least one cardiac

condition (e.g., a @@bpc arrhybiidgeanatachyiarshion Al sy btidonkihedingadkial

tachyarrhythmia and atrial 25ﬁbri|lation }gt%gthosu tained qnd lnopéﬁusta'neq)'i ventricular tﬁgrrlgythmia,

including ventricutar 1 artlll?gtl%ln?rlacﬁﬁ’esﬁ(ér(:ls Rdtcet cardia a}r1 glrfﬁ%?'acf, h(se%rtofaa?i?ﬁree, or
exercise-indli¢ed Seddeld.émethy eutidimerand thsjbike, dudoneBesedhspenneabiitlnfthe statize

RyR2-bound _FKBtRelﬁrﬁhﬁfwmﬁﬂaliﬁm ROFTESIY & BalRRsR IRdhenGRnigH é?ﬂ‘dqmafﬂéiﬁlg’d@éeam. _
phosphorylation and dephosgggrylatlon of 30RyR2, JTV-519 may also be useful in treating a subject

who has already SEEHEY ol BRSO MRS SaTRInRe Sr b e s AN S NG PO ISy mptoms of the
cardiac condition sutstaétcpbsbrassshyiciinlssd) jockeasiyopyl @aliiipsE] viyldatviphlabaaeffeclywényh limiting or

preventing a furt ﬂssﬁesa%&nﬁbﬁﬂ&ngprvﬁxﬁiﬁ;&%mﬁo'sﬁggﬁéﬁ in t@ﬁgﬁg C'gv » [BQIRzIAgCordingly,

in another embodiment of the present invention, the subject v%lilc’)pe rdiac condition. For

example, thd Subfet¥rab Bsbronetysmrchioridecaivrapied becisringd aaosiy ard Brmpglied to
exercise-inducedwakstigenathptiypiavide syaltia case, the amount ofJTV-519 effective to limit or prevent
a decrease in the level of RyR2-bound FKBP12.6 in the subject may be an amount of JTV-519 effective

to treat a cardiac B8Adition (e lp.axwdadiacvithietmeiimd ofghetpchyn andeationsiEMérshY thagibe including
atral tachyarythiiaRde i USEalOR RSy Al ol apbaesssptanes Y Sich Alan
10arrhythmia, including ventricular fibrillation; and exercise-induced cardiac arrhythmia) or
amount effective to limit or prevent a decrease in the level of RyR2-bound FKBP12.6 in the
20  subject, particularly in cells of the subject. This amount may be readily determined by the
skilled artisan, based upon known procedures, including analysis of titration curves
established in vivo, and methods and assays disclosed herein. A suitable amount of JTV-519
effective to limit or prevent a decrease in the level of RyR2-bound FKBP12.6 in the subject
may range from about 5 mg/kg/day to about 20 mg/kg/day, and/or may be an amount
25  sufficient to achieve plasma levels ranging from about 300 ng/ml to about 1000 ng/ml.

Preferably, the amount of JTV-519 ranges from about 10 mg/kg/day to about 20 mg/kg/day.

[0098] In one embodiment of the present invention, the subject has not yet developed
a cardiac condition, such as a cardiac arthythmia (e.g., tachycardia; atrial arthythmia,
including atrial tachyarrhythmia and atrial fibrillation (both sustained and non-sustained);

30  ventricular arrhythmia, including ventricular fibrillation; and exercise-induced cardiac
arthythmia), heart failure, or exercise-induced sudden cardiac death. In this case, the amount

of JTV-519 effective to limit or prevent a decrease in the level of RyR2-bound FKBP12.6 in



heart failure) in the subject. [00103]As used herein, an amount of a drug (e.g., JTV-519) "effective to
treat a cardiac condition” includes an amount of a drug (e.g., JTV-519) effective to alleviate or
ameliorate the clinical impairment or symptoms of the cgydiac condition. For example, 15where the
cardiac condition is atrial fibrillation, the amount ofJTV-519 effective to treat atrial fibrillation may be an

amount of ITV-513 effeciiygmig By Rt el MR AANEANRS R eibirochrdaisnethe subject.

Similarly, where the cardiac condition is exercise-induced cardiac arrhythmia, the amouynt ofJTV-519

effective to treat SREHRRTIHARRR: AR PRATRTGISeHIGYa5E AR T 8 G-I e to
alleviate or ameligjate, 20exerglog lgirss RAUIRNPHS: (IA10G. YRUSFHLAOMIRNRRAE yentricular
} i0 ’npﬁ daac o'g" i T‘I ilure

tachycardia in the subject. Additionally, where the cardi ndition is héart failure, the amount

ofJTV-519 effectiverdineenaditionrtinglises tappentef dmdua(at P51 Pbefiative to namesasls or
ameliorate shortngsziehRkaash HRetiRaaesRXMEISE iapreo the QAT U R fatighiedmilg subject.

25[00104]The amount of a drug (e.g.,.JTV-519) effective to treat a cardi ition in a_subject will
vary depending uB’Bf‘ﬁlﬁée ﬁ&ﬂfé%}éfl%g& ore aot?agaﬁg?ﬁﬁg’él,’ #ﬁ%ﬂjmcﬁﬁrét ﬂfef 3%%10&95?8?/330 rﬁ‘éﬁ{?on, the
subject's weight, Hteabgvelitiafthg sinjeotmicofdiiiés, Arffativato s whhpaipititoetiand/of dredirug

(e.g., JTV-519). T&&%s%mﬂymt;%@ay SmfeagiNreieranad Ly HRiskiled attisanaageskaipon known

procedures, including clinical trials, and methods disclosed 30herein. In a preferred empodiment, the

drug (e.g., JTV-525bais thaamepreid ELYHAR estntdn RFEYRR SXBfite-IngocpIsREstiag Ay miant
invention further preyiem anoetnofl Tor-FEading talel eaat ane cxerdiadmhiocttinip{@tpnsafearig c
arrhythmia (e.g., tachycardia: atrial arrhythmia,_including. atrial yvihmi la] fibrillation
(both sustained and ngﬁigu@g?ﬁé z%%"rﬁfﬁémﬁzf? %T%%a)r/éﬁamﬁg%{fﬁgﬁg%ﬁgég{%%ﬁﬁgﬁﬁ%h; and
exercise-induced A8¢tiaraByrirermils GrdBareadidandyayan Rikuethaampenhetdloc X sifsys to

administering JT el dRethersvkiashybammamesibefeeibie irdcaad af peashonertridigibaangition in the
subject. A suitablo:;*1 amougt of J.TV-?19 effectjve to trea‘tfi? cardiac congriéion (e.g., a cardiac arrhythmia

(e.g., tachycardia® &HAICS PRI TREfS ARG AIRAPESEISATENT AT 1% 8 Strial fibrillation (both sustained
and non-susiaineghigntriculagartmis, G .iEQJ’l‘Wgrl@#é?feytwglﬁtE?Q\}eﬁpgc%i‘(ﬁEQiéﬁfdigi&i”duced

cardiac arrhythmia) or heart failure) in a subject may range from about 5 mg/kg/day to about 20
mg/kg/day, and/orhasPisst ailbyar eperimeuptndhe erractap facinTe 9Eerak xsgiffdedustiaRses 900 ng/ml
to about 1000 NVailid00dLfibhatRrassat inveghin matseitpyidassaisats eshioidarave téngodt sfast one

cardiac condition {g, 0. & QRO GR ER A 4R %51 5 O S A T e RS e

skilled artisan, based upon known procedures, including clinical trials, and methods disclosed

20  herein. In one embodiment of the present invention, the amount of a drug (e.g., JTV-519)
effective to prevent exercise-induced cardiac arrhythmia is an amount of a drug (e.g., JTV-
519) effective to prevent exercise-induced sudden cardiac death in the subject. In another
embodiment, the drug (e.g., JTV-519) prevents at least one cardiac condition (e.g., a cardiac
arthythmia (e.g., tachycardia; atrial arrhythmia, including atrial tachyarrhythmia and atrial

25  fibrillation (both sustained and non-sustained); ventricular arrhythmia, including ventricular
fibrillation; and exercise-induced cardiac arrhythmia), heart failure, or exercise-induced

sudden cardiac death) in the subject.

[00101] Because of its ability to stabilize RyR2-bound FKBP12.6, and maintain and
restore balance in the context of dynamic PKA phosphorylation and dephosphorylation of
30 RyR2,JTV-519 may also be useful in treating a subject who has already started to experience

clinical symptoms of a cardiac condition. If the symptoms of the cardiac condition are



15atrial tachyarrhytlunia and atrial fibrillation (both sustained and non-sustained); ventricular
arrhythmia, including ventricular fibrillation; and exercise-induced cardiac arrhythmia), heart failure, or
exercise-induced sudden cardiac death) in a subject. The method comprises administering JTV-519 to
the subject in an amount effective to prevent at least one cardiac condition in the subject. A suitable

amount ofJTV-513effechivede BIGYETLAY RSN RIraIiaR GOBRliAR(6 imBmAsRG afymia (e 9.
$ a 0]

tachycardia; atrial arrhythmia, including atrial tachyarrhythrnia and atrial fibrillation (both sustained and

non-sustained); vEHtREAsF sathiRIA 15y Ghed iR RRumd IRtiinfi6 SU Pt exercise-induced cardiac

arhythmia), hearygailpgp. of eXSISIRRINY AN AR RIIRGARAININAHRIRE e spaeR{rom about

5 mg/kg/day to abou mg/kgfggil,la. J/or may be an amount sufficient to achieve plasma 25levels
ranging from abodegdopPedratidasisendiionFaneRsIMphG ki cel et e e B et Braweently

above-descrized gxethionis, heRxQesisspiadicrbEadliaa SFaMiMRIR Mnihe RUkiark alsarciated with
VT. In preferred embodiments, the VT is CPVT, In other embodiments of thes ett})ods the subject is
a candidate for eXAReIE SRS f&‘f&ﬁeéf’rh%ﬂ{igfeﬁ?gﬂ?oqﬁﬂegsf,zéﬂ58%56%81(6%%?6 Q4% duced sudden

cardiac death. BOWDEﬂAﬂdtﬁomajjwtimay@wanfmhwmng Peffeotivg thqegatesemiilmmndidnnalso
provides use of J eVg§1'%#ﬁi@c@ﬁﬂ%f?E«J.@é%@ﬂgr@&ﬁ’fa‘?‘éﬁﬁ‘i‘Qgh%%?‘{,‘%ﬂéﬁdﬂm hgivel of RyR2-bound

FKBP12.6 in a subjéct who has, or is a candidate for, at least one cardiac 43 condition (e.g., a cardiac
arrhythmia (e.g., taewwicepahmiaand aah fnpiomGeiststaingd i nd prrarisiRediavaREasl fibrillation
(both sustain@d asahptiniy Stelke vesnviti Abaiakiyh sidetecivelingucentatlibarafinritationerand

exercise-induced cagg}a(r‘ ar, hr}/mmi eart failure, or exercise-induced sudden cardiac death). The
. . her'a ailure) irf the ke . . .
present invention also provides use 50fJTV-519 in a method for treating or preventing at least one

cardiac condition (ggy3p cardias ReHHeRMIa mbundGENIERTGIZ; FINRLAITIYIREIIR. iDelkAling atrial

tachyarrhythmia and atrial fibrillation (both sustained and non-sustained); ventricular arrhythmia,

including ventricufFHAS RIS MREESes BREmOHR, eEA T dfa A HHHINE 5?%‘@8?9 IRyiatesr
exercise-induced auelthesiechedibiti clemtp) imensotygoahtdiisNHthe | dvtdidvodadifi GrrEeningnple,

15  where the cardiac condition is atrial fibrillation, the amount of JTV-519 effective to treat
atrial fibrillation may be an amount of JTV-519 effective to alleviate or ameliorate
palpitations and/or blood clots in the subject. Similarly, where the cardiac condition is
exercise-induced cardiac arrhythmia, the amount of JTV-519 effective to treat exercise-
induced cardiac arthythmia may be an amount of JTV-519 effective to alleviate or ameliorate

20  exercise-induced palpitations, fainting, ventricular fibrillation, and ventricular tachycardia in
the subject. Additionally, where the cardiac condition is heart failure, the amount of JTV-519
effective to treat heart failure may be an amount of JTV-519 effective to alleviate or
ameliorate shortness of breath, decreased exercise tolerance, and early muscle fatigue in the

subject.

25 [00104] The amount of a drug (e.g., JTV-519) effective to treat a cardiac condition in a
subject will vary depending upon the particular factors of each case, including the type of
cardiac condition, the subject's weight, the severity of the subject's condition, and the mode of
administration of the drug (e.g., JTV-519). This amount may be readily determined by the
skilled artisan, based upon known procedures, including clinical trials, and methods disclosed

30  herein. In a preferred embodiment, the drug (e.g., JTV-519) treats at least one cardiac

condition in the subject.



1001091As discussed above and presented herein, the inventors' data show that protein kinase A
(PICA) phosphotylation of the cardiac ryanodine receptor, RyR2, on serine 2809 activates the channel
by releasing the FK506 binding protein, FKBP12.6. In fgjiling hearts (including human hearts and animal
models of heart failure), RyR2 is PICA- 15hyperphosphorylated, resulting in defective channels that

have decreased amusrs of bqwgr&i&ﬁPd%ﬁa@ﬂﬁ@grmg%sﬁétmﬁﬁi%mmGal@imwduced
activation. The net result of these changes is that the RyR2 channels are "IeF%k Thesilghannel leaks

can result in a deSAEBR SRAHLERIA QIS L BRARMRI R fo BT, EAL § fe NG nger
enough palcium ira thifeet &glngzmn!laﬁmiie aedieqlaﬂrﬁl(ﬁﬁyidto (broly nbstdirstt and) retirsud tasnéd); ivansate | &0
contraction. This tegulie il WealkiGONERCIARAEIFANMUSEIS RS:A REEAILHANRGHHGRARRbihe channel

leaks, RyR2 channels release calcium during the resting phase of the heart cycle khown as "diastole".
This release of cal€aThidumhir Qistdsre ciS thhrd sprarmten adwivisRng dVmd e dhesligst Wehtricular
tachycardia and vanéiiatibaefiprdatian) ihrbgadscasdiglemdiasdiacteieatiech COuRbIOMA M dhe
inventors have al n.that treatment of heart failure with a mechanical.pumping device, referred
to as a left ventricu grgggs%{e %‘(ﬁf&f@ﬂ&m Wﬁfgﬁ%ﬁ%iﬁ% ’r?ecaaffql] 4 r@enz]lyé%rﬁgr)g% O’r{egghrxg?rr%clglized
function, is assockitadamhthmedinetidingrtid Reyarhytongstanssos fdudlatsmrbetpsustanebindalized

function of the chappehsiHERE AR UMY SRR ReNRthAt dtRdineN aah degsidwho have
pacing-induced heart failure) with 30 beta—adrenﬁ?rgic blockers (beta blockers) reverses the PICA

hyperphosphdrylafittr et BB RE PSAT MBI & BSRRNGS, MAAIARER B LR A MEA®/ dBhclusion
which may be drawabtisorthezfiaiddis afdibenay s toranmorisisittiabtRéGéniphophoayltatitragiRyR2

increases the 44 gcivity f3%q§ﬂ§ﬂ9%oﬁﬁ%?§k%}ﬂﬁhe release of more calcium into the cell for a given

trigger (activator) of the channel”1001111As er disclosed herein, the inventors have established
that cardiac condifgonesie.g., artarshaentimhyiionialde oy idehymaitia fatpahanthghimias sieluding atrial

5tachyarrhythmia and atrial fibrillation (both sustained and non-sustained); ventricular arrhythmia,
nlucing venticu AT TETA AR ek GHOLBS R R e A AR DYoo e
exercise-induéed suglderhyartiziimieant phial Abrsidationdboritysainetored senrushorsdhoepldalarof RyR2

proteins (PaftiCU|aJJ%§E1PrMI'ﬁ§ﬁfaﬁ}i@bt€éi‘nB&{l?£ mHigabRraieneland adeareasadaiRieYS! farr
RyR2-bound FICBP12.6. It is possible to use this mechanism to 10 design effective drugs for treating

and preventing sUeR i gEeEdsaitidised Auddansrrdier denthk RavirRiette Bisintsthodirsmefisstevent a
decrease in the |eadaliafsieyRP2rDoLid fol (EB&RbR G imayaracuat effocbaue pesalt thikdstrvtie gaaligereventive

activity, have an effegiap g ByRRAssosiale BDlaBiGR) Ry/Sb IHSIARY.BAYNY BrisYeIing such

cardiac conditions. 1001121Accordingly, the present invention further provides a me;%ocri'efor identifying
15an agent #t useiHiarEanRE B (BroverrTAgcATBE BN Satenbreewiniition! @rhythmiaiaciding hythmia

(e.g., tachycardiaateitiadohsntiivmtina inalweingisialisachotavhyihindamndavishiRdlaiariferth sustained
and non-sustained), ventricular rrh¥thtrpial in&l{uﬂin ventriculay fibri Iati%n; nd eﬁ?%rﬁ%ise-ir]%uced
Sxercisé-nauted M qeH earatat s 5?!%‘.*‘%‘3 i €8fhprises

cardiac arrhythmi%x : heartral (re, 6 SXEICIS
the steps of: (a) ofethirsiry exerpiseainshingyl audden cardiac death) in a subject may range from about 5

mg/kg/day to about 20 mg/kg/day, and/or may be an amount sufficient to achieve plasma
25  levels ranging from about 300 ng/ml to about 1000 ng/ml.

[00107] In various embodiments of the above-described methods, the exercise-induced
cardiac arrthythmia in the subject is associated with VT. In preferred embodiments, the VT is
CPVT. In other embodiments of these methods, the subject is a candidate for exercise-

induced cardiac arrhythmia, including a candidate for exercise-induced sudden cardiac death.

30 [00108] Additionally, in view of the foregoing methods, the present invention also
provides use of JTV-519 in a method for limiting or preventing a decrease in the level of

RyR2-bound FKBP12.6 in a subject who has, or is a candidate for, at least one cardiac



20culture of cells containing RyR2; (b) contacting the cells with a candidate agent; (c) exposing the

cells to one or more conditions known to increase phosphorylation of RyR2 in cells; and (d) determining
if the agent limits or prevents a decrease in the level of RyR2-bound FKBP12.6 in the cells. (001131As
used herein, an "agent" shall include a protein, polypeptide, peptide, 25 nucleic acid (including DNA or

RNA), antibody, Rahdfagiment akiadiR2Maamente DIARFNG SO MAAURHy BRRIGHAuBHiGnand any

combination(s) thereof An agent that limjts or prevents a decrease in the leve| of R _R%-bound
FKBP12.6 may b&*eramyiimasut appfatdaton a5 nadagd R peeRe Nt P '8h agent that has
affinity' fqr, binds tm.ﬂm}imtdir'mctedimaindb)lﬁym&i{indimram@mfﬁzdﬁs?ﬁnmﬁaqmwtﬂmﬁe).m@meII
"containing RYR2}i,3, 0630 (R AAIAR Y RIGREIAL B430/S ARIDRAMNRR RYR 2 pRARINRLIVE of

homologue thereotf, is naturally exf%essed or naturally occurs. Conditions known to increase

phosphorylatidn offRVE? i BAIOsHIE &S, THAISAT RIssRIENg, ableayt ongspetiac conditipr (RetRod of the
present invention cedis Aiaiymiaqeiaciatyiitia saatidaiehags mdydapaefathechianbiaithineibods of
effecting contact bet n.drugs/agents and cells, inclyding.any modes of introduction.and
administration degg}%z% I%Pe(%.(b#nhes es{?élfeofaﬂé/&tﬁ]-ﬁ%%aﬁ@Kgﬁgﬁﬁ%fnatLgtnlée ]Iah%%%fubg] Measured or
detected by knowresmrdeefionidlationciodiexsraise-of thed wredinsdsthyibieie) heaph ftkth e sxemideassay's
known to one of skill i RgdaLh QLS HiREiRe&iedn one embodiment of the present invention, the
agent limits or prevents a decrease in the level of RyR2-bound FKBP12.6 in the cells. 1001151As
disclosed herein, RossPMsakobeefSiruetigted in a number of biological events in striated muscle cells.

For example, it hif"%ﬁn showin ﬁES% y@%omggg§;%§ﬁ@%ﬁ9ri9iEﬂ@%@%@'&i@ SE&V%R%}I%Ugthl ensdigne q

contractility in cardiac muscle cells. Therefore, 1t is clear that thérapeutic or preventiv

to limit or preventianaschBXArPhioerhordptipsfide prsdiae aosbnorethtes Ry Ratneaars 288Pdiac muscle
cells,l_may bée useiuﬁbralt_élaaaéﬁﬁhua&imy@éhleaaugglagmi@Miﬁf@iﬁﬁ&m@?m@qbwﬁng&muding ECOI
coupling and contractility. Thus, once the candjdat to esen}, invention has been screened,
and 15has been c{‘é‘é\’éﬁﬁ%&d“&%&?&?&gﬁgﬁg ﬁﬁﬁ?ﬁg’i&ﬁ%@%&%‘%&& \g%'ecreasing levels of
RyR_Z-boundl FK_BB&Qlﬁxoﬁphwyldjedmwfatedl ﬁnfémiwftéenmism@d_)emﬂc@eam sonaractifibpundells,
particularly cardiagdBpEle felifat iiceReFterkial R iaiaRRHIC/PIR PRI 3aentoldiespresent

invention will be useful for treating or preventing cardiac conditions, including cardiac arrhythmias (e.g.,
tachycardia; atriaP%AShHeRs S TAUGRRYRGichasrals A Hstkmia Rt Seranel lsrksifam &b BA sustained
and non-sustaineddpleesrricinanithytroias dfchidingtyendtian kxtdibrilatitge & tmgeeisarighluced
cardiac arrhythmig), heart failure and exercise-in d sudden cardiac death. [001161Accordingly, the
method of the presenltl%lﬁ]ven%ig% o a@s?ﬂftﬁee}cggl% rég (t)ﬁéos%g%% sgrfc:) %f%%ﬁt‘gg?één ‘t’ﬁéecandidate agent
with a culturélof ceméressiamirtivig Fepiingrrek Yontraction of heart muscle. As a second consequence of

the channel leaks, RyR2 channels release calcium during the resting phase of the heart cycle

known as "diastole". This release of calcium during diastole can trigger the fatal arrhythmias
of the hearts (e.g., ventricular tachycardia and ventricular fibrillation) that cause sudden
cardiac death (SCD).

25  [00110] The inventors have also shown that treatment of heart failure with a
mechanical pumping device, referred to as a left ventricular assist device (LVAD), which
puts the heart at rest and restores normalized function, is associated with a reduction in the
PKA hyperphosphorylation of RyR2, and normalized function of the channel. Furthermore,
the inventors have shown that treatment of dogs (who have pacing-induced heart failure) with

30  beta-adrenergic blockers (beta blockers) reverses the PKA hyperphosphorylation of RyR2.
Beta blockers inhibit the pathway that activates PKA. The conclusion which may be drawn
from the results of the inventors' work is that PKA phosphorylation of RyR2 increases the



25determining if the agent has an effect on an RyR2-associated biological event in the cells. As used
herein, an "RyR2-associated biological event" includes a biochemical or physiological process in which
RyR2 levels or activity have been implicated. As disclosed herein, examples of RyR2-associated
biological events include, without limitation, EC coupling 4nd contractility in cardiac muscle cells.

Accoring o this (eligeOLIEBIASeALIENION. ASACAMICELS AGSHIA DA sopUagles it one or

activi .
more cells (preferaE) y, tardiac muscle cells}in vitro. For example, a culture of the cells may be

incubated with a préggarétrstyaen efifinghaiectandidate agent. The candidate agent's effect on an
RyR2-associated bj jcal event then 46 may.be assessed by any biglogical assays,.or methods
known in the art, nﬁi:%%ﬂwg imn?tfr%gg%ftmsgc}%slﬁaélfg%ﬁgﬁﬁ‘e']vreen %rsiﬁéesegqﬁ%gg%é o] F?ecrxsr%é'?gclosed herein.
[00117]The preseneriditienti¢ngis fatier diragteriadezn amtdenmugwmmwwmwed
identification r?eth&&ﬁﬁﬁﬁhﬁéaﬂﬂlﬁﬁ%ﬁ%&?k%&%fﬁé&ﬁ@%@Bﬂﬁ?&;%ﬂﬁ—f&hﬁpd a

pharmaceutically-accéeptable carrier. The agent may be useful for preventing exercise-induced sudden
cardiac death in a Praginglyding deptrigubr Sheilshemwtrssreisrnduesdrartiag Aandhmins M used
herein, an "RyR2-askesiategecanditidnedsaldandidon, dishase asodisat dathianituichsRiR2 level or
activity has been implicated. and incligdes an RyR2-associgted biolagical exent an rdiag gondition
(e.g., a cardiac arﬁr?)gﬁ?qr}%g%é{%q ,Oig‘tyaht%% rcoaerlglsg,g aa?%lcal?llg jﬁhy?h@rﬁigs?ﬁé%g?#g atfﬁa‘ﬁtgiﬁ)?%gr%ﬁhmia and

atrial fibrillation (badteaawindes dvel R6RIRIskanrd dKBR e Ulkis apssplR oSk Rt ular
fibrillation; ang exqesiggslice dagidireanihy haiRdvarap daliadRt exairisssinduseiieardden cardiac

death). [00118]The RyR2-assgciated condition may be treated or prevented in ject b
Toadministering tGHHE T AL HeIRL OB SHeSH s 1S PR B ORI
associated ponditimicbtismwi_aj@oﬂﬁ_rhimaing_)unpmmhe a@'aﬁtijryldet_ae!mrdffed dnyaor_ietkkiﬂesdciiatelde art. In
one embodiment, 5mogrmmw%%wm;@?&mm&tg%éﬁrcgrsﬁy@gnerﬁer.@.vent'ng at least one

cardiac condition (e.g., a cardiac arrhythmia{(e.g., tachycardia; atrial arrhythmia, including atrial
tachyarrhythmia ajodiatrjal fibridatieraifgnihhsyséstncie anton Bitthed rvedadnadgihed Tt eadaifangythmia,
including veqtgiculae}lr fiblrjiéliaotion' antg %xergise-irédyceq argiac arr Xthmi% i heart failu; ., OF
exercise-induded SU&en Cardidt dea |ﬁp§e‘s’u'b]'é%ﬁ ef/'sa (ATTATES bﬁrclﬁnt eoéléee'ﬁt’tao%éagubject in an
amount effective terminethmig (gr@vtanhysetdiaseonbaghydindacoabidion dtrithadubjgnthnde andamitle present
invention also proyigam @ oy uRGEPshidolentifiiag, 3enaaank Arigiiee, IGRHR JeARigeNnting a
cardiac condition %\ega a cardiac arrhythmia (e.g., tachycardia; atrial arrhythmia, including atrial

tachyarrhythmia aid AHSPH ST stoB et Sartinsrmidhmm.dsarinlys, oerrreiindriihmia,
including ventricubadddr dlatian deaihl) e Xaecirehaddioaneisearbiate psdfy thnoladi figost friereingra

exercise-indysed SUIMERGRHUIRG ARMIRRaP BRI STRIRHO AR 15888l QAP UR Bt

generating an animal containin
the cells to one or more conditions known to increase phosphorylation of RyR2 in cells; and

(d) determining if the agent limits or prevents a decrease in the level of RyR2-bound
FKBP12.6 in the cells.

[00113] As used herein, an "agent" shall include a protein, polypeptide, peptide,

25 nucleic acid (including DNA or RNA), antibody, Fab fragment, F(ab'), fragment, molecule,
compound, antibiotic, drug, and any combination(s) thereof. An agent that limits or prevents
a decrease in the level of RyR2-bound FKBP12.6 may be either natural or synthetic, and may
be an agent reactive with (i.e., an agent that has affinity for, binds to, or is directed against)
RyR2 and/or FKBP12.6. As further used herein, a cell "containing RyR2" is a cell

30 (preferably, a cardiac muscle cell) in which RyR2, or a derivative or homologue thereof, is
naturally expressed or naturally occurs. Conditions known to increase phosphorylation of

RyR2 in cells include, without limitation, PKA.



30RyR2; (b) administering a candidate agent to the animal; (c) exposing the animal to one or more
conditions known to increase phosphorylation of RyR2 in cells; and (d) determining if the agent limits or
prevents a decrease in the level of RyR2-bound FKBPr%g.G in the animal. 47 The method may further
comprise the steps of: (e) administering the agent to an“animal containing RyR2; and (f) determining if

the agen has an ) on an RYRZ:asSREISAAIRIOSIGRLEYCDL 016 VAL ARgirRvided is an agent
’neﬁ | ﬁ:or% i [ 2

identified by this d; a pharmaceutica position comprlslng this agent; and a method for
treating or preverstirdjdatesisensbyraycerimstasdadimsthodsf oftectivgrorm el BUgS/ A8 cardia;
atrial arrhythmia, Ja¢ledingatiantdaahyabyshminandoatsial {ibrkaiandhotscabsdaiaent.alht
non-sustained); ventricular arrhythmig, including ventricular fibrillation; .and exercise-induced cardiac
arrhythmia), hearjtei’ﬁﬂﬁ &, é@?ﬁf‘gﬂ@ﬂg&%‘ %ﬁ&ﬁ@ﬁna HraiAcdes riﬁea{le]%aﬁg (?f" BY administering this
agent to the subjecicedamesammdudio @ fiecofhametbedsomplesyuian peacksastsorrd 2eraasdizavodnditor in the

subject. 10012014 e, HeRiPEs W BRRAGI QR SHALER JBRtAPIrRRIER WRICBRInCkPAgractivation

would be expected to reduce the activation of the RyR2 channel, resulting in less release of calcium

into the cell. ConPBtRIPIEPIAJITHE \Q)‘}F?éefﬂ ﬁﬁﬁ&f‘iﬂ‘é‘ﬂb@@ﬁ%‘%mﬁﬁ?&%ite, but do not come
off the channe! Wpgiile channel 3 paaspRMBies Y dekivin ot RISRBR.PERERIEH 10 decrease
an

the activity of the'c el in response to ctivation or other triggers that activate the RyR2
channel. Such covgsuindtiatodiuastocedisu idnerasepleait hagbestedhow kst Ry e rhapneieNgrthese
findings, the|gresgiyjoipue i tiBchReLRYide s Additinnahassays fasideiily imuagsrisihaleay be
useful in treating or preventing cardiac conditions g{% z?,cardiac arrhytgmia Féeug. tahch%ic%rdia; atrial
arrhythmia, includtAGSFARFSIStATPR7XFRHY - FHES SREISRE e HBHIQHRIS aRsthastreasi B s MY A SA-sustained):
ventricular arrhytRyRa;towold #KG Riendric atdis ffartiiatoty, @antlae xersibssetidusedeargiatiathaythmia), heart

faiure, or exercisg e SYAIRR KRS SSAUM WORLIIPBIRE K RLIANDECCSIRTA RYR2

1001211By way of example, the diagnostic assays of the present invention may screen 25for the

release of calciurfPIHter 6hlts Japtheneeyhocapdidiie peaa Ah e RE Rt RO MS Sre seRtededte g.,
Fluo-3, Furar®, ansh deenid@nhinls mybe eiatrdiwithgloe fleenseasttedy enafecteaine idvel sfimulated
with RyR2 activatpr determi ether or not c ound de the.cell reduce the., .
calcium-depende% u%?ggﬁ%%@ %é?ﬂ?é%l g‘éaélt%rt?% a iﬁzfg?ooﬁl %t&%ﬁ‘é Lljlr% r*‘éi%eé"s‘égé t“a?ln el
(ryanodine receptollpfoartiiolarhycridBo 6usield e sorbierxpSedt Bartheshgapgutigpvasiiks ageat,of alcium
entry during ind Uﬁf%q)fiis.féﬁ{ %{WF}H&P%]@HEHE%:?MIHEQ{%@E}@&Q{@ &lapd cBrd#RAsdiacihads: _
Jayaraman et at, Regulation of the inositol 1,4,5-trisphosphate receptor bt\l/_ityrosme Ehosphorallatlon.
Science. 2721 49‘2[@&0 i@@gsl_rngg (e.g., tachycardia; atrial arthythmia, including afrial tachyarrhythmia an

20  atrial fibrillation (both sustained and non-sustained); ventricular arrhythmia, including
ventricular fibrillation; and exercise-induced cardiac arrhythmia), heart failure, and exercise-

induced sudden cardiac death.

[00116] Accordingly, the method of the present invention may further comprise the
steps of: (€) contacting the candidate agent with a culture of cells containing RyR2; and (f)

25  determining if the agent has an effect on an RyR2-associated biological event in the cells. As
used herein, an "RyR2-associated biological event" includes a biochemical or physiological
process in which RyR2 levels or activity have been implicated. As disclosed herein,
examples of RyR2-associated biological events include, without limitation, EC coupling and
contractility in cardiac muscle cells. According to this method of the present invention, a

30 candidate agent may be contacted with one or more cells (preferably, cardiac muscle cells) in
vitro. For example, a culture of the cells may be incubated with a preparation containing the

candidate agent. The candidate agent's effect on an RyR2-associated biological event then



Calcium-dependent fluorescent signals may be monitored with a photomultiplier tube, and analyzed
with appropriate software, as previously described (Brillantes et at, Stabilization of calcium release
channel (ryanodine receptor) function by FK506-binding protein. Cell, 77:513-23, 1994; Gillo et at,
Calcium entry during induced differentiation in murine 5erythroleukemia cells. Blood, 81:783-92, 1993;

Jayaraman et al., 'Q@é@&éﬁfﬁ?%ﬂf‘gﬁi&&i&ﬁ%‘é&%&ﬁ%ﬁ:ﬁ%@ﬁl%e%%@lﬁmﬁgph05ph0fy|ati0n-
Science, 272:1492-94, 1996). This assay can easjly be automated to scra n large numbers of
compounds using’Wﬂ%hﬂgg%&%ﬁf?‘ia@mﬁﬁ%ﬁ%&ﬁ?ﬁﬁ%q‘ﬁ%&’fﬁ itit%he PICA-dependent

activation of RyRggqpiiated INIaGelan AR ISIFRSS 1L E SR Y e Vrupession o

recombinant 10RyR2 channels in‘a heterologous expression system, such as Sf9, HEIC293, or CHO
cells (Brillantes etdscriedrdentificrion mstinsrtaiethasagianmreentcah cRIMReEER SO5FHSHE N by
FK506-binding pregei afaelpiaffutendcal L 9RegpiruRaA sl dndsp dae mey expressdor pithehefigadrenergic
receptors. This would permit agsessment of the effect qf. comppunds on RyR2 activatign, in response to
addition of beta—a%gﬁgﬁg@%%gefﬂ%%gﬁgﬁ? s&ef dbiﬂ%fﬁ?éa@:/%fof ﬁgg%ﬁ(r)csvﬁ 6?&%%8%_ of RyR2
which correlates \ByR3tesdegtedes orfdificms. fAusedheipinigo RyR2saspsihtedwondiionised eondéirmine the

efficacy of compoydsdesianesionRine P IGA Bhasrhg Mation shihe.RYRChaNEl asuch an

assay may be based on the use of antibodies that are specific for the RyR2 protein. For example, the
RyR2- channel prot&iarasiesiHed hipiraith rxens radacramdtize goniionie-sna SPIGK AERI R (PR A and
20[gammanPR&AT&chy b danatinl ofhiablidadiviadtig bR} dbbeltreiyduiansieardal tihthatky Rdthrotein may

B e AR SAPLRUAgEL ALK A Bl RORSHABHOR aRilas B 120

from the calcium release channe ine recepto ective regtlation In failing hearts. Cell,
101:365-76, 20003 qGeandngedirsdiac aalygmpig. hrad daiturevergisreiffrbidecsd sedémeeyssphoepitope-
25specific antibocigdippt detects RyR2 that is PKA phosphorylated on Ser 2809. Immunoblotting with
such an antibody can be used to assess efficacy of therapy for heart failure and cardiac arrhythmias.
Additionally, RyRPEIA8DOA arichdByR2-328€i9kdknodikian magbereatddeusedetted S8 disssatijicaby of

therapy for haart {alAR.ARFLHAIPLAVIHAR S0 JNSECHUINE! 0k SHIGGHGR YAk PICA

hyperphosphorylation of RyR2 is a 30contributing factorin heart failure and cardiac arrhiythmias, by
showing that the R&ype 8D Benslion iethe s Riehbit PYalTRY Bntradilhyirisrmiacd hyarstiHediy R 2
52809D mutationtheansensdneafifadinienfifict prekertinviasiontftovides a method for treating or

preventing at least one cardiac condition (e.g., a cardiac arthythmia (e.g., tachycardia; atrial
arrhythmia, including atrial tachyarrhythmia and atrial fibrillation (both sustained and non-
20  sustained); ventricular arrhythmia, including ventricular fibrillation; and exercise-induced
cardiac arrhythmia), heart failure, or exercise-induced sudden cardiac death) in a subject, by
administering the agent to the subject in an amount effective to treat or prevent at least one

cardiac condition in the subject.

[00119] The present invention also provides an in vivo method for identifying an agent
25 foruse in treating or preventing a cardiac condition (e.g., a cardiac arthythmia (e.g.,
tachycardia; atrial arthythmia, including atrial tachyarrhythmia and atrial fibrillation (both
sustained and non-sustained); ventricular arthythmia, including ventricular fibrillation; and
exercise-induced cardiac arrthythmia), heart failure, or exercise-induced sudden cardiac
death). The method comprises the steps of: (a) obtaining or generating an animal containing
30 RyRZ; (b) administering a candidate agent to the animal; (c) exposing the animal to one or
more conditions known to increase phosphorylation of RyR2 in cells; and (d) determining if

the agent limits or prevents a decrease in the level of RyR2-bound FKBP12.6 in the animal.



Novel 1,4-Benzothiazepine Derivatives and Methods of Synthesizing Same
[0012511,4-benzothiazepine derivatives, particularly 2,3,4,5-tetrahydro-1,4- benzothiazepine
derivatives, are important building blocks in the preparazgon of biologically-active molecules, including
JTV-519. The inventors have developed a novel process for 5 preparing 1,4-benzothiazepine

intermediate compRiiRdhoaYREY Ferie QIMpHYe thé dops JE SRRk ARARE QLRI RINRIMAIE inventors'

process utilizes readily-available and inexpensive starting materials, and provides high yjelds of key
1,4-benzothiazepfBHHREERATA: a0 (SAEATRIBgLL 5 ApTTd Hpsande] ék&%ﬁ“&tﬂ’@@ﬁ%ﬂéﬁg 5,416,066;
WO 92/12148,; 1(1ﬁ5’légaﬁlfhs«ér)tdistﬂomdmh§m&$m¢mdxﬂdgemi@mm bx ﬂéaatéﬁgd; a
7-methoxy-2,3,4,3)115%&@}{@{]8-}0{}1- %%Qt&%?@f%té% é‘ﬁE%H&Qﬁt}ll&ﬁ@@f@ffﬁmﬁﬁg]&fﬂ?e%}mghﬁcW'Oy'

chloride, and then reacting the resulting g)roduct /ith 4-benzyl piperidine. 10012, ]Two processes for

the preparation ofeashfsgsxgias, sonditios; ﬁﬁydrﬁfﬂ%aﬁ@ﬁ%méépﬁ%@éﬁ‘?ddﬁh?ﬂ% CTMHIBRds have

been previously reRaag irifigaiigiathyeminiend afiist iOILRRS. (GigElaseshby dtanekeustasled);).S. Patent

No. 5,416,066), involved a sgmt etic [Olét of six stekﬁasr H‘B%IHS arted with 2.5-di ﬁ]dgﬁ)é ?enzoic acid. In
vely S

this process, 2,5-%&@8‘#&?}7 e }18}&3’6{&’ Was SEIEE e %}]é%reld%ftﬁis ime cy affate. The resulting
compound was thesrhythagtd cheathfa e torsttsisisarivdwaed sudden icediar d@th) mrdsehisatubjected to high

temperature (27063h{Rfstbiing A& RESHUS RS SR SRR VAR IR WITH fOSOPRNAIRAN IR

methanol for 20 h. The product of the reflux step was then reacted with 2-chloroethylamine, under basic
conditions ahf at @HiHCEAHHErAR IS sHPIBFbduce a cyclized amide. The cyclized amide was reduced

with LIA1H4 to yi -methoxy: -tet vl j ' 4 iggepine
intermediate). [O(ﬁ@gzldfphe sgg‘gﬁﬁglértcl?gléi@%kr/%a%agﬁrlé%%&g%%%ﬁ-%ﬁéy-E?%%%ti?etr_a ydro-1,4- 25
benzothiazepine Wré¥aiersedd bscrresii threduesshnactivasioneef iR YRR sbaroe), rrvvlding btless started
witr(lj2-bromo-573)etgh@g¥ﬁ@%@{d§k¥df.C;ﬁhmfﬁgswﬁmgimﬁng%mam}}@pﬁghez_r_ﬁ?uIting
product was oxidized, with chloripe, followe reflux in water, to yie|d disulfide dia e. The
dialdehyde was trelgglen& %ffhbf-té{ﬁ]ﬂ8?68?%3?5%?%&84%’%&&#1&5‘? ﬁlﬁ’gP ngr}%’é‘ﬁg::%yd}é a reducing
agent, such &5 NaBtld alfhbereqsitindg to daeposmitianatvBd of thiz clth toed iugesponse to PKA activation
7-methoxy-2.3.4, B W Eer RN AU 2RO IARE 20N AINGIAE IVRBIGSS AUAIPIEY to prepare

the 1,4-benzothiazepine intermediate, 7-methoxy-2 3,4,5-tetrah¥dro-1,4-benzothiazep|ne, using the
methods 50 desCAISBIIABI5S. infe e val: tH’eV%m?ﬁé’?Ffa@‘Eﬂ’é‘&ﬁé OPEssRLInyERtGIUENSY HEiAR0 et al.
(U.S. Patent No. &dditiora6aysalysfolvidehgafyitipaiients ¢ns i higudefn pe rri i angriosgingaatii time.

Additionally, the igyerers discquated.tah lhe i group, e, i thplated, nicipegats, vas easily
oxidized by air to a disultide ¢dmpound, making It fipossible t0 synthesize thé
20  tachyarrhythmia and atrial fibrillation (both sustained and non-sustained); ventricular
arrhythmia, including ventricular fibrillation; and exercise-induced cardiac arrhythmia), heart
failure, or exercise-induced sudden cardiac death), in that they block or inhibit activation of

RyR2.

[00121] By way of example, the diagnostic assays of the present invention may screen

25  for the release of calcium into cells via the RyR2 channel, using calcium-sensitive fluorescent
dyes (e.g., Fluo-3, Fura-2, and the like). Cells may be loaded with the fluorescent dye of
choice, then stimulated with RyR2 activators to determine whether or not compounds added
to the cell reduce the calcium-dependent fluorescent signal (Brillantes et al., Stabilization of
calcium release channel (ryanodine receptor) function by FK506-binding protein. Cell,

30 77:513-23, 1994; Gillo et al., Calcium entry during induced differentiation in murine
erythroleukemia cells. Blood, 81:783-92, 1993; Jayaraman et al., Regulation of the inositol
1,4,5-trisphosphate receptor by tyrosine phosphorylation. Science, 272:1492-94, 1996).



5subsequent cyclized product. The inventors also determined that the process described by Hitoshi (JP
10045706) involved C12, and that another patented method for the preparation of the first intermediate,
apart from the substitution of bromide with NaSMe, had,o be used. 1001301To overcome the
foregoing problems, the inventors developed a novel process for making

7-methoxy-2,3,4, ZiRiialuependsfir Resesibiagpinaip B ieGibyea atiobiharukipiRepensiye starting

materials. The inventors! process simplifies isolation and purification _steps, and prepare
various 1,4-benz (flrfﬁgf%(bﬁq Appropriate sof P@wm%lﬁﬁmau?us 9 descn% 8 rb ﬁz? tes et alC aﬁa@%za%on oP

methoxy-2,3,4,5- ey depaieslivaneldtimedipine@prin thastioo Bk ffs hadimgpptoigefefal structure
shown in formulaz- i3l 11,MGgN Ak 7 E; E&%%@WA&@ R RFRISRIGCRSR Mpalso be used to

prepare JTV-519. 1001311Accordingly, in view of thé foregoing, the present invention provides a
method for the syFtEsiseaieslSoRlAerhLiHg orhina: Javaramaneid RRegyiRtigref fnosiigh, or halide
and R' = alkyl, aryil 4oz Ms;ﬁlaebuww@epﬁrmmyhmaé mnpmmnzn Fcferoe, 2,7384bSthpadEoMhissing the

steps of: (a)treatln%]a com 9t mg J&’F@su'r"é‘e C}OZRUN A oigerelnoﬁnass asndeg{lrllﬁ;gv gpgl\ggészth a
reducing agent, in the presen e ofan optional ca afyéff',l} orm-a co poungsh ing formula: 51
Ric:LeCO2H NHZgo122) To identify compounds that inhibit the PKA-dependent activation of RyR2-

mediated intracellular calcium release, an assay may involve the expression of recombinant
10 RyR2 channels in a heterologous expression system, such as Sf9, HEK293, or CHO cells
(Brillantes et al., Stabilization of calcium release channel (ryanodine receptor) function by
FK506-binding protein. Cell, 77:513-23, 1994). RyR2 could also be co-expressed with beta-
adrenergic receptors. This would permit assessment of the effect of compounds on RyR2

activation, in response to addition of beta-adrenergic receptor agonists.

15 [00123] The level of PKA phosphorylation of RyR2 which correlates with the degree
of heart failure may also be assayed, and then used to determine the efficacy of compounds
designed to block the PKA phosphorylation of the RyR2 channel. Such an assay may be
based on the use of antibodies that are specific for the RyR2 protein. For example, the RyR2-
channel protein may be immunoprecipitated, and then back-phosphorylated with PKA and

20 [gamma’’P]-ATP. The amount of radioactive [*P] label that is transferred to the RyR2
protein may be then measured using a phosphorimager (Marx et al., PKA phosphorylation
dissociates FKBP12.6 from the calcium release channel (ryanodine receptor): defective
regulation in failing hearts. Cell, 101:365-76, 2000).

[00124] Another assay of the present invention involves use of a phosphoepitope-

25  specific antibody that detects RyR2 that is PKA phosphorylated on Ser 2809.
Immunoblotting with such an antibody can be used to assess efficacy of therapy for heart
failure and cardiac arrhythmias. Additionally, RyR2 S2809A and RyR2 $2809D knock-in
mice may be used to assess efficacy of therapy for heart failure and cardiac arrhythmias.
Such mice further provide evidence that PKA hyperphosphorylation of RyR2 is a

30 contributing factor in heart failure and cardiac arthythmias, by showing that the RyR2
S2809A mutation inhibits heart failure and arrhythmias, and that the RyR2 S2809D mutation

worsens heart failure and arthythmias.



wherein R is as defined above; (b) treating the compound formed in step (a) with a diazotizing agent
and a disulfide, to form a compound having formula: Rueo2H Ri:Cc0314 5 wherein R is as defined
above; (c) treating the compound formed in step (b) witla an activating agent and chloroethylamine, to
form a compound having formula: 10wherein R is as defined above; (d) treating the compound formed
in step (c) with a rgalieing. BABRIRNE B IRA RO I AMARAP vigniosamia: wherein R is as
defined above; and 15(e)treating the compound formed in step (d) tgﬁ red%%%g ﬂ ent, to form a
compound havmgl%jr lila. wﬁéq M‘Eﬁé@@éﬁﬁ%ﬁ%ﬁéﬁ“&@%&é 48 e with the method
of the present inveeizothidbepireciecivayi wgeare impoepnidhitiing b kR in\te frepatitionhd Widewtizityg agent in
step (b) may be h p ride in step
(c) may be SOCll\!l?% l;'{JI'(% g%ln%r%ﬁgln? %Ilgte%@ dmr%%]/@ébﬁél8 t%ﬂ%g%@%{g%@gﬁ%ﬁ&@&&ﬁﬁle the base
in step (d) is étrleﬂ‘iil?aéWﬁrie“ h?‘%‘igmé‘?i’é}?lb’é"cﬂﬁ?éﬁfe o PaLRts Y CHFS AT F LR a3 L|A1H4

tetrahydro-1,4-benzothiazepine. The inventors' process utilizes readlly-avallab]e and

inexpensive starting materials, and provides high yields of key 1,4-benzothiazepine

intermediates.

[00126] In the early 1990s, Kaneko ez al. (US Patent 5,416,066, WO 92/12148;
10 JP4230681) disclosed that JTV-519 could be prepared by reacting 7-methoxy-2,3,4,5-
tetrahydro-1,4-benzothiazepine (a 1,4-benzothiazepine intermediate) with acryloyl chloride,

and then reacting the resulting product with 4-benzy! piperidine.

[00127] Two processes for the preparation of 7-methoxy-2,3,4,5-tetrahydro-1,4-
benzothiazepine and similar compounds have been previously reported in the literature. The

15  first process, disclosed by Kaneko et al. (U.S. Patent No. 5,416,066), involved a synthetic
route of six steps that started with 2,5-dihydroxybenzoic acid. In this process, 2,5-
dihydroxybenzoic acid was selectively methylated with dimethyl sulfate. The resulting
compound was then reacted with dimethylthiocarbamoyl chloride for 20 h, and then
subjected to high temperature (270°C) for 9 h. The product of this step was refluxed with

20  sodium methoxide in methanol for 20 h. The product of the reflux step was then reacted with
2-ch]oroetﬁy]amine, under basic conditions and at a high temperature, to produce a cyclized
amide. The cyclized amide was reduced with LiAlH, to yield 7-methoxy-2,3,4,5-tetrahydro-

1,4-benzothiazepine (a 1,4-benzothiazepine intermediate).

[00128] The second process for the preparation of 7-methoxy-2,3,4,5-tetrahydro-1,4-
25  benzothiazepine was disclosed by Hitoshi in a Japanese patent (JP 10045706). This process
started with 2-bromo-5-methoxy benzaldehyde. The bromide was substituted with NaSMe,
and the resulting product was oxidized with chlorine, followed by reflux in water, to yield
disulfide dialdehyde. The dialdehyde was treated with 2-chloroethylamine, and the resulting
product was reduced with a reducing agent, such as NaBH,. The resulting compound was

30 cyclized to give 7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine.

[00129] Initially, the inventors attempted to prepare the 1,4-benzothiazepine
intermediate, 7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine, using the methods



100133]The present invention further provides a method for the synthesis of a compound of having
formula: 10wherein R = OR', SR', NR', alkyl, or halide and R' = alkyl, aryl, or H, and wherein R can be
at position 2, 3, 4, or 5, said method comprising the step, of: (a)treating a compound having formula: R
cc--) NH.  wherein R is as defined above, with 3-bromopropionic chloride and a compound having

Lsformula; to forea @, AR aYEne B WanaAARETRIRRodes el ibed Rl O0ASAARY way of

example, a compound having the formula: 53 wherein R = ( ', NW, alkyl, or halide and R' =
alkyl, aryl, or H, artisiii&etr? o240 JBV1 V58 Sitiptis seps of high tempesanuts st trasisn iGies: FikioPfn.

Cs.1/4NOT Is NeAdoizidi@Bilithdameators discovered that the thio group in the third thiolated intermediate
was easily oxidized by air to a disulfide compound, making it impossible to synthesize the
5  subsequent cyclized product. The inventors also determined that the process described by
Hitoshi (JP 10045706) involved Cl,, and that another patented method for the preparation of
the first intermediate, apart from the substitution of bromide with NaSMe, had to be used.

[00130] To overcome the foregoing problems, the inventors developed a novel process
for making 7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine from readily-available and

10  inexpensive starting materials. The inventors' process simplifies isolation and purification
steps, and can be used to prepare various 1,4-benzothiazepine intermediates, including 7-

methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine and other compounds having the general

1L 2
P S,{—
Rs

R1a n-MeOQ, n-MeS$, n-alkyl, n=6,7,8,9
R2a alkyl
Rz alky)

structure shown in formula:

15 This process may also be used to prepare JTV-519.

[00131] Accordingly, in view of the foregoing, the present invention provides a

method for the synthesis of a compound having formula:

OO

wherein R = OR', SR', NR', alkyl, or halide and R' = alkyl, aryl, or H, and wherein R can be at
20  position 2, 3, 4, or 5, said method comprising the steps of:

(a) treating a compound having formula:
RUCOQH
NO,

wherein R is as defined above, with a reducing agent, in the presence of an optional catalyst,

to form a compound having formula:



COLNIt, 17 Rsc:(0211 frOCCO211 It ov-sTs(Rocis) R.OR. SR', NR. alkyl, halides; R".alkyl, aryl .H R
Can be at positions 2, 3.4. or 5 1001351By way of example, and as shown in Example 9 and Scheme 1
below, 7- Smethoxy-2,3,4,5-tetrahydro-1,4-benzothiazegpjpe may be prepared from 2-nitro-5-
methoxybenzoic acid as follows, The nitro group of 2-nitro-5-methoxybenzoic acid is reduced, using H2
with Pd/C as a catalyst, to give 2-amipo-5-methoxybenzoic acid. 2-amino- 5-methoxybenzoic acid may
be diazotized with NaNO2, and then & th Na2S2, to provide a stable disulfide compound.
Without further purification, the stable kg 10 compound may be treated with SOC12, and then
reacted with 2-chloroethylamine, in the presence of Et3N, to give an amide. The amide compound may
then be converted jg.a.fvRliZgd £EMAQYEGLVia a one-pot procedure, as follows. A reducing reagent
(such as trimethylphosphine, or triphenylphosphine) and a base (such as triethylamine) may be added
to a solution of thdAmidERERFIBE AP OTRELI IR fak 2! afiazrhizing ABCPEARE 8 1B Y e may
then be refluxed fdboihh. cohgordiiaviggigentlérimethylphosphine or triphenylphine) cleaves the disulfide
(S-S) to its monosulfide (-S), which, in situ, ggzgergoes intramolecular cyclization with the chloride to
yield a cyclized amide. The cyclized a may then be reduced with LiA1H4 to yield the
1,4-benzothiazepine intermediate, 7-methoXy- 2,3,4,5-tetrahydro-1,4-benzothiazepine. JTV-519 may
then be prepared from 7-methoxy- ZMtetrahydro-1,4-benzothiazepine by reacting the
7-methoxy-2,3,4,5-tetrahydro-1,4- 5 titazepine with 3-bromopropionic chloride, and then
reacting the r%sulting compound with 4-benzyl piperidine. [00136]The present invention further provides

a composition, comprising radio-
P wherein % 1s as defined above;

(c) treating the compound formed in step (b) with an activating agent and

chloroethylamine, to form a compound having formula:
Wv’\a
10 wherein R is as defined above;

(d) treating the compound formed in step (c) with a reducing agent and a base, to form a

compound having formula:

"oy
wherein R is as defined above; and

15 (e) treating the compound formed in step (d) with a reducing agent, to form a compound

cJ

wherein R is as defined above.

having formula:



labeled JTV-519. Labeling ofJTV-519 may be accomplished using one of a variety of 5different
radioactive labels known in the art. The radioactive label of the present invention may be, for example,
a radioisotope. The radioisotope may be any isotope that emits detectable radiation, including, without
limitation, 355, 1251, 3H, or It. Radioactivity emitted by the radioisotope can be detected by techniques
well known in the[@UBEPF examabeo@ammmmﬁsiaﬁofa@mﬁbmmmm mRydaaciiegindnising
gamma imaging tec ques, 10parti arI | [ hlc im %80 37']13 w example, and as
shown in Example fCFél e?‘néd‘icw] y‘ra 8 fgbell%%f’g%\/% r# gpr?;:l)ﬁr% Izp#?"flows
JTV-519 may be @iel#fethylatau(bkm bhblngﬂzrlﬁgrthsm@lBEhs thed@@mﬁngcbmmbﬁc@ﬁboﬂﬁd may then

be re-methylated yitkiag 561&9 ‘abelpdynatwating et wlimatutas fairbishe presence
of a base (such as 15Na owde 3H-labeled J V 519. [0 138]TheL%resent |nvent|on further

provides novel 1 H‘Wf&mﬁz AR GIPhdHmER e FadiEMe AgeRldN; H& 1A
2,3,4,5- tetrahydr algn?enZOtH% erQS%HF%‘;?%f =l &m”&rl(t; 19 JTV %\%’88? gihgégn}ele the present

invention prowd pounds vmg the owmg mulas: 2 aryl alkenyl, alkyl,
-(CH2)"NR.12, oronqed gfavipgiformuda: 1 2 or 3, and R' = alkyl or cycloalkyl 25wherein R = aryl,

alkyl, -(CH2)nNR12, or -(CH2)SR', and n = 0, 1 2, or 3, and R' = alkyl or cycloalkyl,

10 wherein R = OR’, SR', NR', alkyl, or halide and R' = alkyl, aryl, or H, and wherein R can be at

position 2, 3, 4, or 5, said method comprising the step of:

(a)  treating a compound having formula:

U

wherein R is as defined above, with 3-bromopropionic chloride and a compound having

0

to form a compound having formula:
ReGRACES
W

20  wherein R is as defined above.

15 formula:

(00134] By way of example, a compound having the formula:



55 MeO0 /8 (0) m wherein R = CO(CH2)0X.R12, S02(CH2)XR12, or SO2NH(CH2)nXR'2, and X = N or
S,andn--1, 2, or 3, and R' = alkyl or cycloallcyl; and wherein m | or 2; and Me0 5J wherein R = aryl,
alkyl, -(CH2)nNR'2, -(CHz).SR',and n =0, 1, 2, or 3, ar’g R' = alkyl or cycloallcyl; and wherein X = NH
or 0. Also provided are additional 2, 3, 4, 5-tetrahydro-1,2- benzothiazepine compounds having the
following formulas;,Ri-3 B2 el = OR', ~al I} iti 50n
the phenyl ring, aggeﬁ'llglk%ﬁ’% ;klv“\-‘i%(Pélg){éi_??l\?/é{é3 2!:“EI,{alllé}/lllj?y gr% g@?ﬁ?ﬁ%@g{%ﬁ%gzﬂ#%kyl, or
aryl; (0) n NH F2/amRien. ByisHRamey be syRifaizstharfollaweIR, SR', NR', alkyl, or halide, at position 2,
3, 4, or 5 on the phenyl ring, and R' = alkyl, aryl, or acyl; wherejn RZ5 H. alkyl, alkenyl, or aryl; wherein
R3 = H, alkyl, 15alkenyl, or aryI;RWheggjnH m= Q, 1, g&ﬂz,iﬁngmwh@? n=0or1; and r:serN AR4

M%H, [}

——

" " S
17 coH
1
R, L
u PMu,,
ERN, THF,

z refiux
:
R/%‘\/\c,
19 10
R H j\/\ R
LiAiH, m ) Br

——— S —————————
9
1 0

JTV-519 (R=OCH,)

150G,
2 HEHC)

R=0R’, SR', NR'. aikyl, haliges; R'=alkyi, ary! H
R can be at positions 2,3,4,0r 5

[00135] By way of example, and as shown in Example 9 and Scheme 1 below, 7-

5 methoxy-2,3,4,5-tetrahydro- 1,4-benzothiazepine may be prepared from 2-nitro-5-
methoxybenzoic acid as follows. The nitro group of 2-nitro-5-methoxybenzoic acid is
reduced, using H; with Pd/C as a catalyst, to give 2-amino-5-methoxybenzoic acid. 2-amino-
5-methoxybenzoic acid may be diazotized with NaNO,, and then treated with Na,S,, to
provide a stable disulfide compound. Without further purification, the stable disulfide

10 compound may be treated with SOCl,, and then reacted with 2-chloroethylamine, in the
presence of Et;N, to give an amide. The amide compound may then be converted to a
cyclized compound via a one-pot procedure, as follows. A reducing reagent (such as
trimethylphosphine or triphenylphosphine) and a base (such as triethylamine) may be added
to a solution of the amide compound in THF (tetrahydrofuran). The resulting reaction

15 mixture may then be refluxed for 3 h. The reducing agent (trimethylphosphine or
triphenylphine) cleaves the disulfide (S-S) to its monosulfide (-S), which, in situ, undergoes
intramolecular cyclization with the chloride to yield a cyclized amide. The cyclized amide
may then be reduced with LiAIH, to yield the 1,4-benzothiazepine intermediate, 7-methoxy-
2,3,4,5-tetrahydro-1,4-benzothiazepine. JTV-519 may then be prepared from 7-methoxy-

20 2,3,4,5-tetrahydro-1,4-benzothiazepine by reacting the 7-methoxy-2,3,4,5-tetrahydro-1,4-



R2 1/R3 (0)In wherein Rl = H, OR’, SR, NR’, alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring,
and R' = alkyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl, alkenyl, or
aryl; wherein R4 = H, halide, alkenyl, carboxylic acid, orsgn alkyl containing 0, S, 20 or N; and wherein
m =0, 1, or 2. 56 1001391Examples of the inventors' novel 1,4-benzothiazepine compounds include,

without limitation, §fzéthid@e pine with RifrodiogrSpiéniPERiksHiad) ynd e € aidiag sk e olidg Stigdunas for S7,
S-20, 5-25, 5-27, %’}ﬁi%gnm?g{ibe%gg’#end in FIG. 15 to the present application. These and any other
novel compounds of the pres Minvention may be 5associated with a pharmaceutically-acceptable

carrier, as describggiggpve. samspiesiatiR RAmar? Pl GUeRRpERbn AP egiesent invention
further provides methods of\ge)@]thesizing the novel 1,4- benzothiazepine compqunds disclosed herein.
verit

For example, the RS id SRR QELTY B hs i Rlitird e Ae 8hpETRY Rhving formula:
10 Me0  whesein dfferamytaditietiyé, lablld k(i 2) HRIR, The(GHE)SRY laetiaf thelyrased; nvGytiand R’ =

alkyl or cycloalkyl, comPRsiNg,NASERN O otope. THEMURAIRGACABRHPAAGMLIGHRYI: MeO 155--)
detectable radiation, including, without limitation, 3°S, '¥°I, *H, or "C. Radioactivity emitted
by the radioisotope can be detected by techniques well known in the art. For example,
gamma emission from the radioisotope may be detected using gamma imaging techniques,

10 particularly scintigraphic imaging.

[00137] By way of example, and as shown in Example 10 and Scheme 2 below, radio-
labeled JTV-519 may be prepared as follows. JTV-519 may be demethylated at the phenyl
ring using BBr;. The resulting phenol compound may then be re-methylated with a radio-
labeled methylating agent (such as 3H-dimethyl sulfate) in the presence of a base (such as

15 NaH) to provide *H-labeled JTV-519.

[00138] The present invention further provides novel 1,4-benzothiazepine
intermediates and derivatives, including 2,3,4,5-tetrahydro-1,4-benzothiazepenes that are
similar to JTV-519. By way of example, the present invention provides compounds having

the following formulas:

20 .
wherein R = aryl, alkenyl, alkyl, -(CH;),NR';, or -(CH3),SR', and n =0, 1,2, or 3, and R' =

alky! or cycloalkyl;

25 wherein R = aryl, alkyl, -(CH;),NR",, or -(CH;),SR', and n=0, 1, 2, or 3, and R' = alkyl or
cycloatkyl;



with a sulfonyl chloride compound (including any sulfonyl chloride derivative) and a base, to form a
compound having the formula: 9 Me0 (b) optionally, treating the compound formed in step (a)
with a primary or 20 secondary amine, to form a compgynd having formula: MeONI 5R wherein R is as
defined above. In one embodiment, the sulfonyl chloride compound in step (a) is selected from the
group consisting of allcylsulfonyl chloride angkarylsulfonyl chloride. In another embodiment, the base in
step (a) is Et3N. In still anothel's yheng, the primary 250r secondary amine in step (b) is
4-benzylpiperidine. 57 [001411Th od/of the invention may further comprise the step of oxidizing
the compound having formula: whegdin R = aryl, alkenyl, alkyl, -(CH2)nNR12, or -(CH2)SR', and n

=0, 1, 2, or 3, and R' = 5alkyl or cycIoaIkyT with an oxidizing agent, to form a compound having
formula: -S-R Me@hewiniRor QYRR WKR be FORGE AsXB&sineSalbE Haln i it andiX 01 51284 ione

embodiment of the present inkention sheyeidigingragartds Rydroaen arroxide.

9
MeO. N'C-x-R
oW,

wherein R = ary), alkyl, -(CH;),NR';, (CH2),SR', and n=10, 1, 2, or 3, and R' = alkyl or
cycloalkyl; and wherein X = NH or O. Also provided are additional 2, 3, 4, 5-tetrahydro-1,4-
benzothiazepine compounds having the following formulas:

~ NH

10  wherein R; = OR', SR', NR', alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring, and
R' = alkyl, aryl, or H; wherein R; = H, alkyl, or aryl; and wherein R3 = H, alkyl, or aryl;

(Q)n

Il Rs
Ohm

wherein R1 = H, OR', SR', NR/, alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring,
and R' = alkyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,
15  alkenyl, or aryl, wherein m = 0, 1, or 2; and wherein n=0 or 1; and
O

K

"N R,

R1—+ 2 /2\R2
S

i Rs
(O

wherein R1 = H, OR', SR, NR/, alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring,
and R' = alkyl, ary], or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,
alkenyl, or aryl; wherein R4 = H, halide, alkenyl, carboxylic acid, or an alkyl containing O, S,

20 orN; and wherein m =0, 1, or 2.



1001421By way of example, and as shown in Example 11 and Scheme 3, the inventors 10 have
developed a method of synthesizing compounds having the general structure: ck S-R N ?? 0 wherein
R = aryl, alkenyl, alkyl, -(CH2),,NR12, or -(CH2)SR’, ang¢gn = 0, 1, 2, or 3, and R’ =- alkyl or cycloalkyl.
Novel compounds of this general structure may be prepared by reacting

7-methoxy-2,3,4,56@13ahy dro-kdrsevetiazepiiesvdyalkylsetayhetiorde msands éay| 15chloride,

in the presence of a base such as, Et3! dditigngl reactions (e.qg., addition of 4- bepzyl piperidine) may
follow, to extend t (laths(’ll(ll?e?1 I&Wﬁlur?%izs%i’egs?r%’ . é%%?w’earrﬁgégg%eﬁrﬁ%%% rlg%%:, ?.%ﬁ?é‘}‘gé agr%/ésulfonyl
chloride (e.g., 18 mgtutes fardY, SRPEIAN, {23, and §3hgray Ye dowid mdf Bl Atudd peesent

7-methoxy-2,3,4,3gRitahyd rank4-RRNEHHIRZ SBIRE Lhif&ukds é%?gasénmmmo%ﬁﬁﬁﬂ (e.g., 20 ml),
at 0C. The mixture may then be stirred (e.g., at 0C 20for 2 h), and washed (e.g., with H20 and

saturated Nab) C(ﬁ%&ﬂﬁ%ﬁ?%ﬁ%%ﬂ@’%ﬁ?&?ﬁ%lf@ﬂéﬁ a5 SrSERPRI B80S, SRARR I be purified
by chromatograppjiarnsiticgebnifmwistructure may be confirmed by NMR. Scheme 3 further shows
that the resulting compound's side chain may be extended by reacting the compound (e.g., 28 mg; 0.1
mM) with 4-benzyi0B¥d8lidine (EngPreserigyention fkherProrides methode phmathesiziomtforayeb 48
completion, the exerashaxipRdIaYIRANIG IRYREED YA IR seAENE Rhd Briserd A oI Pi6vides a
anhydride)propylfunctianalized silica.gel, 0.5 g). 1001431 The present invention also provides a method
for the synthesis 0 ea& g%qrﬁﬁé]ﬁr?&n}) lzg\(/lltllqagc%?ﬁg’ﬁ ég:) ‘f\Wéd-g rr\PV\’*?%rein R = aryl, alkyl, -(CH2)NR'2, or
-(CH2)nSR', and n 0, 1, 2, or 3, and Ry= alkyl or cycloalkyl, comprising the step of treating a compound
having formula. 5-R

Meom \(\)

10 S
wherein R = aryl, alkenyl, alkyl, -(CH;),NR";, or (CH;),SR',andn=0, 1,2, 0r3,andR' =
alkyl or cycloalkyl, comprising the steps of:

(a)  treating a compound having formula:

MBOC(*N
15 S’)

with a sulfonyl chloride compound (including any sulfonyl chloride derivative) and a base, to

form a compound having the formula:

[e]
MeO. NSNF
10@L
S

(b)  optionally, treating the compound formed in step (a) with a primary or

20 secondary amine, to form a compound having formula:
0]

)

MGOKI\N’ \C\) R
o
wherein R is as defined above. In one embodiment, the sulfonyl chloride compound in step
(a) is selected from the group consisting of alkylsulfonyl chloride and arylsulfonyl chloride.
In another embodiment, the base in step (a) is Et3N. In still another embodiment, the primary

25  or secondary amine in step (b) is 4-benzylpiperidine.



MeO 5-)  with a sulfuryl chloride and a primary or secondary amine, in the presence of a base, to
form 10 a compound having the formula: MeO iN b wherein R is as defined above. In one embodiment
of the present invention, the base is Et3N. In another eggbodiment, the primary or secondary amine is
1-piperonylpiperazine. 100144]The method of the present invention may further comprise the step of
150xidizing the cqupqqnd havgnfetad b thd &0 d)ivthaegifufther esipadkyhe{EHF)oXid iR ther
-(CH2),,SR',and n = and R' = alkyl or cycloalkyl, to form a compound having formula: o,
'S-N-R MeON' s) ﬁ?"ff’%"? %6‘5mg£8mherem R is as defined above, and wherein m =1 or 2. In one
embodiment, the oxidizing agent is hydrogec peroxide. [001451By way of example, and as shown in
Example 11 and Scheme 4, the gventor ﬁeRjeveIoped a method of synthesizing compounds having
the general structure:

S
wherein R = aryl, alkenyl, alkyl, -(CH;),NR", or -(CH2)»SR',and n =0, 1, 2, or 3, and R' =

5  alky! or cycloalkyl, with an oxidizing agent, to form a compound having formula:

\\
Meom \(\;

wherein R is as defined above, and whereinm = 1 or 2. In one embodiment of the present

m=1or 2

invention, the oxidizing agent is hydrogen peroxide.
[00142] By way of example, and as shown in Example 11 and Scheme 3, the inventors

10  have developed a method of synthesizing compounds having the general structure:

wherein R = aryl, alkenyl, alkyl, -(CH2)nNR', or -(CH3),SR’,andn=0, 1,2, or 3,and R' =
alkyl or cycloalkyl. Novel compounds of this general structure may be prepared by reacting
7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine with alkylsulfonyl chloride or arylsulfonyl
15 chloride, in the presence of a base such as Et;N. Additional reactions (e.g., addition of 4-
benzyl piperidine) may follow, to extend the side chain as desired. As Scheme 3
demonstrates, 2-chloroethanesulfonyl chloride (e.g., 180 mg; 1.1 mM) and Et;N (e.g., 140
mg; 1.1 mM) may be added to 7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine (1) (e.g.,
194 mg; 1 mM) in CH,Cl; (e.g., 20 ml), at 0°C. The mixture may then be stirred (e.g., at 0°C
20  for 2 h), and washed (e.g., with H,0 and saturated NaHCO; solution). Removal of the
solvent will yield a crude product, which may be purified by chromatography on silica gel.
The structure may be confirmed by NMR. Scheme 3 further shows that the resulting
compound's side chain may be extended by reacting the compound (e.g., 28 mg; 0.1 mM)

with 4-benzy! piperidine (e.g., 21 mg; 0.13 mM) in CH,Cl,. After the reaction goes to



MeO 59 N"S-N-R Jo wherein R = aryl, alkyl, -(012)nNRI2, or -(CH2)"SR2,and n=0, 1, 2, or 3, and It =
alkyl or cycloalkyl. Novel compounds of this general structure may be prepared by a one-pot reaction of
7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine withggulfuryl chloride, in the presence 5 of a base
(e.g., Et3N), followed by a primary or secondary amine. As Scheme 4 demonstrates, sulfuryl chloride

(e.g., 15.0 mg; 0.1d4Jilbh e xt3N 4Rible RS Bdneméve2oyMbasaaya gl deg 19-(2-succinic
7-methoxy-2,3,4,5-tetr%51t%/)dro-1r4-benzqthi$z ine](%g., 19.4 mg; 0.1 mM) in CH2C12 (e.g., 20 ml), at
0C, After stirring ATEYARAUPLORY G asHnahey %i%’, &5 pipdYonylpiperazine (e.g., 27 mg: 0.12 mM) may be

added The Mixtyfigy e SHREHIREHHRIRFLRLNILEANRIIENHE Gtk BB AL Asarurated

NaHCO3 solution). The excess amine may be removed by addition of a base scavenger (e.g.,
3-(2-succinic anh§fRIEERIHRInctionalized silica gel, 0.2 g). [00146]The present invention further
provides a method for the synthesis of g compound of having formula: 15 MeO ri=1 or 2 wherein It =
CO(CH2))/R12, S02(CH2)RX M2, 0-S@2/H(CH2)XR12, and X =Nor S,andn=1, 2, or 3,and R' =
alkyl or cycloalkyl; and wherein @l Sgﬁ 3 comprising the step of treating a compound having formula:

MeON,R 203--5) wherein R is as defined above, with an oxidizing agent, to form a compound having
formula: wherein R = aryl, alkyl, -(CHz),NR", or -(CH2),SR', andn=0, 1, 2, or 3, and R' = alkyl or

cycloalkyl, comprising the step of treating a compound having formula:

W

with a sulfuryl chloride and a primary or secondary amine, in the presence of a base, to form

10 a compound having the formula:

Q
MeO N.%—N-R
T
wherein R is as defined above. In one embodiment of the present invention, the base is Et;N.
In another embodiment, the primary or secondary amine is 1-piperonylpiperazine.
[00144] The method of the present invention may further comprise the step of

15 oxidizing the compound having formula:

o\\
JS-N-R
MeO@*’N) )
s
wherein R = aryl, alkyl, -(CH;),NR", or -(CH),SR', and n =0, 1, 2, or 3, and R' = alkyl or

cycloalkyl, to form a compound having formula:
5-N-R

Q
"“) 6
S

S m=1or2
(O)m

MeO

20  wherein R is as defined above, and wherein m =1 or 2. In one embodiment, the oxidizing
agent is hydrogen peroxide.
[00145] By way of example, and as shown in Example 11 and Scheme 4, the inventors

have developed a method of synthesizing compounds having the general structure:



wherein R and m are as defined above. In one embodiment, the oxidizing agent is hydrogen peroxide.
This method may also be used to oxidize JTV-519, 25[001471The present invention further provides a
method for the synthesis of a compound of having forrrgéla wherein R = CO(CH2)nX1t2,
S02(CH2),,XW2, or SO2NH(CH2)XR'2,and X =Nor S,andn= 1, 2, or 3, and R' = alkyl or
cycloallcyl; and wherein m = 1 or 2, comprising the giep of 5treating a compound having formula: 9

MeONJ.N with an oxidizing agent, to fqygs a compa U@J—Na?nng formula: MeO m=1or 2 (o)m  wherein
R and m are as defined above, In one emt te oxidizing agent is hydrogen 10 peroxide. This

method may also be used to oxidize JTV-5 8]By way of example, and as shown in Example 11
and Scheme 5, the inventors have developed a method of synthesizing compounds having the general

structure: wherein R = aryl, alkyl, -(CH2).NR', or -(CH;),SR", and n =0, 1, 2, or 3, and R' = alkyl or
cycloalkyl, Novel compounds of this general structure may be prepared by a one-pot reaction
of 7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine with sulfuryl chloride, in the presence

5 ofabase (e.g., EtsN), followed by a primary or secondary amine. As Scheme 4
demonstrates, sulfuryl chloride (e.g., 15.0 mg; 0.111 mM) and Et;N (e.g., 28.0 mg; 0.22 mM)
may be added to 7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine (e.g., 19.4 mg; 0.1 mM)
in CH,Cl; (e.g., 20 ml), at 0°C. After stirring the mixture (e.g., for 2 h at 0°C), 1-
piperonylpiperazine (e.g., 27 mg; 0.12 mM) may be added. The mixture may be stirred for
10 another 2 h, and then washed (e.g., with H>O and a saturated NaHCOj; solution). The excess

amine may be removed by addition of a base scavenger (e.g., 3-(2-succinic anhydride)

propylfunctionalized silica gel, 0.2 g).

[00146] The present invention further provides a method for the synthesis of a

compound of having formula:

15 (©lm

m=1or2

wherein R = CO(CHz)nXR'z, SOz(CHz)nXR'z, or SOzNH(CHz)nXR'z, and X=Nor S, andn=
1,2, or 3, and R' = alkyl or cycloalkyl; and wherein m = 1 or 2, comprising the step of

treating a compound having formula:

ne)
o )

wherein R is as defined above, with an oxidizing agent, to form a compound having formula:

R
MeO N
L

(O)m

m=1qr2

wherein R and m are as defined above. In one embodiment, the oxidizing agent is hydrogen
peroxide. This method may also be used to oxidize JTV-519.
25 [00147] The present invention further provides a method for the synthesis of a

compound of having formula:



wherein R = CO(CH2),XR'2, S02(CH2)XRI2, or 502NIACH2)nXRI2, and X =N or S, and n = 151, 2, or
3, and W = alkyl or cycloalkyl; and wherein m = 1 or 2. Novel compounds of this general structure may
be prepared by oxidation ofJTV-519, or one of the novegd ,4- benzothiazepine derivatives disclosed
herein, with hydrogen peroxide. As Scheme 5 shows, the 1,4-benzothiazepine compound of interest
(e.9., 21 mg; 0.05 mM) in MeOf} {e.g., 5,fl) may be added to H202 (e.g., 0.1 ml, excess). The mixture
may be stirred (e.g., for 2 days), t e resulting product may be purified by chromatography on
silica gel (e.g., CH2C12:MeQOH = 10:]@? 0129)Additionally, the present invention provides a method for
the synthesis of a compound having formula: 61 wherein R=aryl, alkyl, -(C1-12)"NR'2, or -(CH2)SR',

and n =0, 1, 2, or 3hae R=CaKYHL XRG| GO HARRMher sDLNE ). 0(RD;, eodripriding tersite of

treating a compoupd having (g, 50 AL 2. F8BRINRINE LABRBIIL, IR ligRjesence of a
a?ly a 1 ol, to form a compound having the formula:

base, and with a prinfary or secon Ine or'an alco
MeON.C-X-R Whertesatirgarrdmxpeaddw degifemddove, In one embodiment, the carbonyl chloride
compound is triphosgene. In another embodiment, the base is Et3N. In yet another embodiment, the
10primary or secondary aminese nipeNidir e. 150]By way of example, and as shown in
Example 11 and Scheme 6, the in Q

the general structure: MeO | | _
with an oxidizing agent, to form a compound having formula:

R
MGO\@‘ N
o

(O}m

m=1o0r2

wherein R and m are as defined above. In one embodiment, the oxidizing agent is hydrogen
10  peroxide. This method may also be used to oxidize JTV-519.
[00148] By way of example, and as shown in Example 11 and Scheme 5, the inventors

have developed a method of synthesizing compounds having the general structure:

2
{O)m

wherein R = CO(CH;),XR';, SO2(CH,).XR";, or SO,NH(CH;),XR";, and X=Nor S, andn=
15 1,2, 0r3, and R' = alkyl or cycloalkyl; and wherein m = 1 or 2, Novel compounds of this

general structure may be prepared by oxidation of JTV-519, or one of the novel 1,4-

benzothiazepine derivatives disclosed herein, with hydrogen peroxide. As Scheme 5 shows,

the 1,4-benzothiazepine compound of interest (e.g., 21 mg; 0.05 mM) in MeOH (e.g., 5 ml)

may be added to H,O; (e.g., 0.1 ml, excess). The mixture may be stirred (e.g., for 2 days),
20  and the resulting product may be purified by chromatography on silica gel (e.g.,

CH,Cl;:MeOH = 10:1)

[00149] Additionally, the present invention provides a method for the synthesis of a

compound having formula:



0 wherein R = aryl, alkyl, -(CH2)NR'2, -(CH2)"SR', and n =0, 1, 2, or 3, and R' = alkyl or 15 cycloallcyl;
and wherein X = NH or 0. Novel compounds of this general structure may be prepared by reacting
7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine Wltr%]trlphosgene in the presence of a base (e.g.,
Et3N), followed by addition of a primary or secondary amine or an alcohol, [00151]The present

invention further pravides-a-pnefirod (@wapmeamgfﬁ 3= @0teirapydinaln4=hangethiazepine

compounds having formula R2 wherein RI = W, alkyl, or halide, at position 2, 3, 4, or 5 on
the phenyl ring, SXERKY R WARFIK 5 %‘é‘rgrrﬁ’wmﬂg 51?(9]%? Areptinga CORRRPY A3y g | alkyl, or

aryl, comprising tosmateps of: 25(a)treating a compound having formula: 62 NO2 wherein Rl is as
defined above, with a reducinga Jn the presence of an optional catalyst, to form a compound
having formula: NH2 5wherein §>def|ned above; (b)treating the compound formed in step (a)

with a diazotizing agent and a disulfidie, to form a compound having formula: CO2H R1--
5  with a carbonyl chloride compound in the presence of a base, and with a primary or

secondary amine or an alcohol, to form a compound having the formula:

Q\
MeO, N-CTXR
@5)

wherein R and X are as defined above. In one embodiment, the carbonyl chloride compound
is triphosgene. In another embodiment, the base is Et;N. In yet another embodiment, the

10  primary or secondary amine is 4-benzylpiperidine.
{00150} By way of example, and as shown in Example 11 and Scheme 6, the inventors

have developed a method of synthesizing compounds having the general structure:

o
MeO. N-CXR
s)

wherein R = aryl, alkyl, -(CH;),NR';, -(CH),SR’, and n=0, 1, 2, or 3, and R' = alkyl or

15 cycloalkyl; and wherein X = NH or O. Novel compounds of this general structure may be
prepared by reacting 7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine with triphosgene, in
the presence of a base (e.g., Et;N), followed by addition of a primary or secondary amine or

an alcohol.

[00151] The present invention further provides a method for the synthesis of 2, 3, 4, 5-

20 tetrahydro-1,4-benzothiazepine compounds having formula:

y NH
Rt | /2""3
S
Ra

wherein R; = OR', SR, NR', alkyl, or halide, at position 2, 3, 4, or 5 on the pheny1 ring, and
R'=alkyl, aryl, or H; wherein R; = H, alkyl, or aryl; and wherein R3 = H, alkyl, or aryl,
comprising the steps of:

25 (a) treating a compound having formula:



002H wherein Rl is as defined above; 10(c)treating the compound formed in step (b) with an activating
agent and chloroethylamine, to form a compound having formula: 0 R3 Cl R2 fr-CSR2 R1-T _NyLci O
R3 wherein Rh R2, and R3 are as defined above,; (d) treating the compound formed in step (c)
with a reducing agent and a base to 15 form a compouné having formula: 0 R2 wherein RI, R2, and R3
are as defined above; and (e) eat@agqhe compound formed in step (d) with a reducing agent, to
form a compound having formHIa_

NO,

wherein R, is as defined above, with a reducing agent, in the presence of an optional catalyst,

to form a compound having formula:

o
R1—T'
7 NH,

5  wherein R is as defined above;

(b) treating the compound formed in step (a) with a diazotizing agent and a
disulfide, to form a compound having formula:

_~_COH
R |
S

|
1 = S
R P
COH

wherein R, is as defined above;
10 (© treating the compound formed in step (b) with an activating agent and

chloroethylamine, to form a compound having formula:

(IU\ J\(u

R1—+ AN I§
Cl

O Ry
wherein Ry, Ry, and R; are as defined above;
(d) treating the compound formed in step (c) with a reducing agent and a base to

15 form a compound having formula:

wherein R}, Ry, and R; are as defined above; and
(e) treating the compound formed in step (d) with a reducing agent, to form a

compound having formula:



wherein RI, R2, and R3 are as defined above. Methods of Treatment and Prevention Using Novel
14-Benzothiazepine Derivatives 1001521 The inventors' novel 1,4-benzothiazepine compounds share
functional 5 characteristics with JTV-519. For example,dike JTV-519 (mwt = 423), compound S36 (mwt
= 267) regulates calcium channels. Indeed, S36 (a carboxylic acid) is approximately 10 times more
potent than JTV-519 in regulating jrnghannels (data not shown). Unlike JTV-519, however, the
inventors' novel compounds sm@m Ring activity of hNERGs. 1001531The rapid delayed rectifier
(I(Kr)) channel - a potassium chanty Oimportant for repolarization of the cardiac action potential.
hERG is the pore-forming subunit of the I(}EY") channel. Suppression of I(Kr) function - as a result of
adverse drug effegieRRIOIQI RICBRIIR ORéestsefintd=dR&Ge: can lead to long-QT (LQT) syndrome, which
carries increased risk of life- threatenlng arrhythmlas hERGs then are potassmm channel subunits
that, when blockeMetimdse P 8} c: Sl

inventors' compoypgisjjave S'Qﬂéf'ﬁ@m%réeﬂi*@?ﬂmﬁ%&gaﬁéﬁﬁ%@rﬂéﬂ& @Hu&eme{&ndulﬂen compared
with JTV-519. As shown in FIGs. 4-7, for example, ?vj of[ﬁJs ﬂ:ée tors Sgé?pound haﬁhERG
blocking activity tﬁBf‘@ﬁBﬁf&WﬁBH}Y 3130 Y- HARGwWES f(lngp clivity &n V-519.
Because the invertp$3) aguipesicads i vbawebk EREG ﬂ@éknag)amhntwlme%ﬂapeoémbewm less
toxic than JTV-519, orzeO]ern:l‘ﬁ%%%‘?‘%eéjly&%éﬂ%l@@ﬂam YRR RRRYEh L HrhfRzatiiszEpine

compounds are more potent than JTV-519, and have reduced toxicity. Thus, it IS believed that the

inventors' novel cBpMsyeines WYFB‘@‘E}&QY&&F&W%@&HW&PWBHP@“&SG%VH%§EHE§S’Smethods for
I|m|t_|ng or preveni&ggﬁecre |nt eI v%ldogcliil ‘eriﬁﬁ% CaIfIInC Pall’zﬁf‘%.:qnéﬁ?“g‘%l‘nqt |rgclud|ng a

subject who has and , onec Bnai Ing, without limitation, a

cardiac arrhWhmlm(mgaptafdmahﬁaatmd &ﬁmﬂnmmbth%@mmmnand atrial
fibrillation (both sugtaiRedk fRGRERHHAINGHYERIFIGH AL R HRKHIMIS s Rckdcine ¥aRtscuag fibrillation;

and exercise-induced cardiac a ythmia), heart failure, and exercise-induced suddegﬁgrdlac death. It

is also believed trﬁfeﬂﬂ%aﬂﬂ/%rrﬁﬁ?g“%{;ﬁ%{fdﬂ&gm Fﬁé’ﬂ&?ﬁé‘ﬂ'ﬁ?ﬁ/ QELHR T stiosese S8BIS or
preventing 30suclnhertgidaisoofliifes dataniay bjegithbids] GERGS | hecardipghssiie- grese hdubvetstion

further provides aynelyed GLIDITNG, oL RISYERING:A IRGIR358 INllS IewALORENR2 bound FKBP12.6 n
t

a subject, by admlnlsterlng an agent to the subject, in an amount effective to limit or prevent a decrease

in the level OfRnyé’oMnd FKﬂPL&&t&if&rﬁy&m@é-hmes@gmamwlaaiwasaa&mgemmmay be any

1.4- SbenZOthlaze%zS %gr\llnae ;/ ewllgr? L%%Qgrgg‘ swft 5%‘-@99(%25 shown in FIGs. 4-7, for example, one of

the inventors' compounds, S36, has hERG blocking activity that is approximately 5- to 10-

fold lower than the hERG blocking activity of JTV-519. Because the inventors' compounds
have weak hERG blocking activity, they are expected to be less toxic than JTV-519.

20  [00155] Based upon the foregoing, the inventors' novel 1,4-benzothiazepine
compounds are more potent than JTV-519, and have reduced toxicity. Thus, it is believed
that the inventors' novel compounds will be particularly useful in any of the above-described
methods for limiting or preventing a decrease in the level of RyR2-bound FKBP12.6 in a
subject, including a subject who has, or is a candidate for, at least one cardiac condition,

25  including, without limitation, a cardiac arrhythmia (e.g., tachycardia; atrial arrhythmia,
including atrial tachyarrhythmia and atrial fibrillation (both sustained and non-sustained);
ventricular arrthythmia, including ventricular fibrillation; and exercise-induced cardiac
arrhythmia), heart failure, and exercise-induced sudden cardiac death. It is also believed that
the inventors' compounds will be particularly useful in methods for treating or preventing

30  such cardiac conditions in a subject.



MeO wherein R = aryl, alkenyl, alkyl, -(CH2)ONR'2, or -(CH2)0OSR', and n =0, 1, 2, or 3, and it = alkyl
or cycloalkyl; (b) MeO N Jo 10wherein R = aryl, alkyl, -(CH2)ONR2, or -(CH2)SR', and n =0, I, 2, or 3,
and it = alkyl or cycloalkyl; (c) MeO wherein R = CO(CH2)r,XR'2, S02(CH2)0X1212, or
SO2NH(CH2)"X1112,and X=Nor S,and n =1, 2, or 3b4nd R' = alkyl or cycloalkyl; and whereinm =1
or2;15 (d) [00156] Accordingly, the present invention further provides a method for limiting or
preventing a decrease in the level of RyR2-bound FKBP12.6 in a subject, by administering an
agent to the subject, in an amount effective to limit or prevent a decrease in the level of
RyR2-bound FKBP12.6 in the subject. The agent of the present invention may be any 1,4-

5  benzothiazepine derivative, including the following;

Q
Me0\©\/‘)N’S\C\;R
(a) S
wherein R = aryl, alkenyl, alkyl, -(CH;),NR';, or -(CH;),SR;andn=0, 1,2, or3,and R'=
alkyl or cycloalkyl;
Q,
MeOmrs\\()—N'R
(b) S
10 wherein R = aryl, alkyl, -(CH;),NR", or -(CH;),SR', and n =0, 1, 2, or 3, and R' = alkyl or
cycloalkyl;
R
MeO\@\N
ISJ
© (©jm

wherein R = CO(CH_),XR';, SO2(CH;),XR';, or SO;NH(CH;),XR";, and X=NorS,andn=
1,2, or 3, and R' = alky! or cycloalkyl; and whereinm = 1 or 2;

MeO. N’
s )

(d)
wherein R = aryl, alkyl, -(CH,;),NR", -(CH;),SR',andn=0, 1,2, 0or 3,and R' = alkyl or
cycloalkyl; and wherein X = NH or O;

y NH

(e Rz



wherein R = aryl, alkyl, -(CH2)r,NR'2, -(CH2)"SR', and n =0, 1, 2, or 3, and R' = alkyl or cycloalkyl; and
wherein X = NH or 0; NH (e) R2 65 wherein R1= OR’, SR', NR', alkyl, or halide, at position 2, 3, 4, or 5
on the phenyl ring, and R' = alkyl, aryl, or H; wherein R2s H, alkyl, or aryl; and wherein R3 = H, alkyl,
or aryl; //[R3 P/rn (0 5wherein R1 = H, OR’, SR’, NR’, alkyl, or halide, at position 2, 3, 4, or 5 on the
phenyl ring, and RyzlkW, argROsRENRWARSEis: Radide Ht pdkivorad(8¥ 006 afhe/ghengimiiy3andH, alkyl,

alkenyl, or aryl; wherein m = and h e| Oorl R2/ )| ) 10 hereln RIH,
OR', SR', Mt', alk)ff o hhdey a?rp}gs‘fﬁ'eﬁe? fﬁ of nlr?rtﬁla’l eny?'?fﬁbniag nkgkyl ryl, or acyl;

wherein R2 = H, alkyl, alkenyl, or aryl; oypereln R3 = H, alkyl, alkenyl, or aryl; wherein R4 = H, halide,
alkenyl, carboxylic acid, or an aIkyI €0 lging O, 5, or N; and wherein m = 0, 1, or 2; and

R1 | - R2

S
I Rs
(O

®
S wherein Rl = H, OR, SR', NR/, alkyl, or halide, at position 2, 3, 4, or § on the pheny! ring,
and R' = alkyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,

alkenyl, or aryl, whereinm =0, 1, or 2; and whereinn= 0 or 1;

X
AN R
R ] R,
I Rs
(Ol

(8)

10  wherein R1 =H, OR/, SR', NR|, alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring,
and R' = alkyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,
alkenyl, or aryl; wherein R4 = H, halide, alkenyl, carboxylic acid, or an alkyl containing O, S,

or N; and wherein m =0, 1, or 2; and

(h) any oxidized form of compounds (a)-(g) above. Also provided are uses of
15  these agents in methods for limiting or preventing a decrease in the level of RyR2-bound
FKBP12.6 in a subject. In one embodiment of the present invention, the agent is selected
from the group consisting of S4, S7, S-20, S-24, S-25, S-26, S-27, and S36. Structures for
these agents may be found in FIG. 15. Preferably, the agent is S36.

[00157] As described above, the subject may be any animal, but is preferably a human.
20 In one embodiment, the subject has catecholaminergic polymorphic ventricular tachycardia

(CPVT). In another embodiment, the subject has, or is a candidate for, at least one cardiac

condition, including, without limitation, a cardiac arrhythmia (e.g., tachycardia; atrial

arrhythmia, including atrial tachyarrhythmia and atrial fibrillation (both sustained and non-



(h) any oxidized form of compounds (a)-(g) above. Also provided are uses of 15 these agents in
methods for limiting or preventing a decrease in the level of RyR2-bound FKBP12.6 in a subject. In one
embodiment of the present invention, the agent is sele%tgd from the group consisting of S4, S7, S-20,
S-24, 5-25, S-26, 5-27, and S36. Structures for these agents may be found in FIG. 15. Preferably, the
agent is 536. 100do¢ A AeSHIREN ARRYRmINCRURIGE VBRY Q5 ARY-ARIDR LIS BLEIRRRYY @ human.

20 In one embodiment, the subject has catecholaminergic polymorphic ventricular tachycardia (CPVT).

In another embodi#Ftisf 2t EmizRdend Sailiss and ersetsarideredtuddes Briec didfhic condition, including,
without limitation, iac arrhythmia (e.g. ,tachycardia: atrial arrhythmia, including atri
tachyarrhythmia z;ﬁo(f %‘gﬂal fibr{ﬂgéfowe(%é%&;%tg%}g?gg hrt?grr‘]’-a gé%@%%%z ;l\r}eeg F%ﬁg?g]rar%ythmia,
including ventricubaredibiiistatsd: taadublest ssrarhefiicderinsrdiaecmphsitinmibyt ersapriseslthedaiyative
exercise-induced s4ddaratdine g al- AN 284, hatnetherhsivhemega b ivention, a

1,4-benzothiazepine derivative may he administered. to a subject %s rt of a therapeutic composition
that comprises thBfERFEHE ESORIPL SRR FPAX O8 AHRANS SIe I8, DeTubies e 4 Y ALY SRR BB ve. The
derivative or phakmaeerititelacoand/ositismosadrdosradministered to the subject by way of any techniques
known in the art and/or disclosed herein. (00159)In accordance with the method of the present
invention, a 1,4-b@A¥sthiazepihacaeidontr uith s Betherhof e sretstbiny siiighct {dhbppgethiazepine
1,4-benzothiazepisgvdevivaty ®daaminstdleentaatgetviiid oalls obtheothibjesihe Beanatimatiayt nffective to
imit o prevept 2 deeraase i 1f.Icvak ol RYRZ0AUR ERBRAZOIN NG sublech paricularly jp.cells of
the subject. This amount may be rea ﬁy (%te mlned"by%e kil arﬁlsan, ased upon known

procedures, inclulgiel ek aibasndFEiti Loiindke cubishaneirwaci/m eeHe ohthadiceind kissays

o B B B B B R e &
a gecrease In e level o - unda, . n the su jeC ay range mrom abaQu mg g ay (0]
Sbout 20 mo/ka/daS VSiTa SIS b AR oI BTISE SRS (b A LTS AT S P RS o abot

300 ng/ml to abotergBOMrgitailleRredenabfithéH et demaothiaaépine dedvavin zéfthidzapilimiderpatisre ranges
from about 49 mg/kaldaw ARau20Ralicldny KRRIOUR EERINGRV I [aGMEIRY of he presen

invention, a decrease in the level 20 of RyR2-bound FICBP12.6 may be limited or prevented in the

subject by decred¥Hig/e 18 9BPYIHBE KRR IR RYRDFPiEnsuR; Setlisistrie ShBsEREH of the
present inventionietei finkieg HoasabektyeL dguel apssba 0e0Tliagnaordéiamisugh asamaidirc arhythmia

(e.g., tachycardig; atrigl.arrhythmia, including atrial tac arrér}}\{th ia and atrial fibrillation (both sustained
and non-sustainfeh ;2\9@’61%? d)léﬁr‘ig??ﬁ‘f}fﬁ’rﬁ"ﬁ%gﬁﬁﬁ&{}g th u%@?l’be}rﬂl%ﬁ%ﬁgb:ﬁn &ercise-induced

cardiac arrhythmigly §gart faily g, QrGHEL Gk MAHEREMRER SRR RFHEAH L MBdRISGR%R, fgiamount

of the | ,4-benzothiazepine derivative effective to limit or prevent a decrease in the level of RyR2-bound

FICBP12.6 Y the5 P MAd HEBR 2hiBimcoimisdonppymicst tdbe pbisd &y dstrrasigdbeiladb prevent
a cardiac conditiofiglesphogtatmicRyRbyihheisyiearliaidrenmidexercisenstaaed isudden, ardiac death) in
the subject. In ongermREdimEnt &34 éd%‘?ﬁﬁ%%@%%‘ ! "éata‘{%a%r?r‘r’ﬁﬂ Bt {g‘a?t one cardiac
condition (e.g., a cardiac arrhythmia é’g tachycardia; atrial arr ytchmla, Inctuding trial

tachyarrhythmia S0 SaFa:rSPH-ATER theetn [acluting atriak techmtabmimend arishfitetlatioarbathmia,
including ventricylatained and non-sustained); ventricular arrhythmia, including ventricular fibrillation; and
25  exercise-induced cardiac arrhythmia), heart failure, or exercise-induced sudden cardiac death.
In this case, the amount of the 1,4-benzothiazepine derivative effective to limit or prevent a
decrease in the level of RyR2-bound FKBP12.6 in the subject may be an amount of the 1,4-
benzothiazepine derivative effective to prevent a cardiac condition (e.g., cardiac arrhythmia,
heart failure, or exercise-induced sudden cardiac death) in the subject. In one embodiment,
30 the 1,4-benzothiazepine derivative prevents at least one cardiac condition (e.g., a cardiac
arthythmia (e.g., tachycardia; atrial arrhythmia, including atrial tachyarrhythmia and atrial

fibrillation (both sustained and non-sustained); ventricular arrhythmia, including ventricular



67 fibrillation; and exercise-induced cardiac arrhythmia), heart failure, or exercise-induced sudden
cardiac death) in the subject. 1001611In another embodiment of the present invention, the subject has
already developed a cardiac condition. In this case, theggmount of the |1,4-benzothiazepine derivative
5effective to limit or prevent a decrease in the level of RyR2-bound FKBP12.6 in the subject may be an
amount of the 1,4fpanzushjaze pireiieivhidve affadeniohtes] Reat ilaceconsitiondengucal cardiac

arrhythmia (e.g., ta Hé/carq;a' %tri I arrpgthmia including atrial tachyarrhythmia and atrial fibrillation
. sudden cardiat ea% in th subeﬁct. o . : R
(both sustained and non-sustained); ventricular arrhythmia, including ventricular fibrillation; and

exercise-induced @gigigc arrhyihmimkildanaehiaiepindiensehion! (o atjeefasataabodiment, the
JTV-519 treats at least one cardiac condition in the sulﬁject. [001 1Tr11e present inyention further
provides a methofeHSIRE Y BT RRANRM A RIS st %%ﬂ%ﬁ°&%.}a'@§%?é LMY,
tachycardia; atriakffedniythion]aniita poivegtat dedtashipethehigtie hoibRyRA -boniad it BRL LA itktbthsehysthined and

non-sustained): vl iR haaRIOAEa: iRekEACYRRHieHIRL Lfaeni AR S aalaeclidifgd cardiac

arrhythmia), heart fdilure, or exercise-induced sudden cardiac death) in a subject, comprising

administering an &gt tardizs aUBldEnia{ af, AssrdRER e imPolphiatiEdecrease in the level
of RyR2-bound FledRyiiasahinitmeeigiadibringi ag@ohahibmplese Abinvealic nayitieuany 1,4-
penzotiazepne B LU RGP Ise ehlan gl 611200VR
10 heart failure) in the subject. In a preferred embodiment, the JTV-519 treats at least one

cardiac condition in the subject.

[00162] The present invention further provides a method for treating or preventing a

cardiac condition (e.g., a cardiac arrhythmia (e.g., tachycardia; atrial arrhythmia, including

atrial tachyarrhythmia and atrial fibrillation (both sustained and non-sustained); ventricular
15 arrhythmia, including ventricular fibrillation; and exercise-induced cardiac arrhythmia), heart

failure, or exercise-induced sudden cardiac death) in a subject, comprising administering an

agent to the subject, in an amount effective to limit or prevent a decrease in the level of

RyR2-bound FKBP12.6 in the subject. The agent of the present invention may be any 1,4-

benzothiazepine derivative, including the following:

20 (a) S

wherein R = ary], alkeny], alkyl, -(CH;),NR';, or -(CH,).SR',andn=0, 1,2,0or3,andR' =
alkyl or cycloalkyl,

(b)

wherein R = aryl, alkyl, -(CH;),NR", or -(CH;),SR',and n=0, 1,2, 0r 3, and R' = alkyl or
25  cycloalkyl;



(b) meO wherein R = awl, alkyl, -(CH2)nNR'2, or -(CH2)nSR', and n =0, 1, 2, or 3, and R' = alkyl or
25cycloallcyl; wherein R = CO(CH2)"XR'2, S02(OH2)XR'2, or SO2NH(CH2)0X112, and X =N or S,
and n =1, 2, or 3, and R' = alkyl or cycloalkyl; and wherein m = 1 or 2; 5(d) wherein R = aryl, alkyl,
-(OH2)111'1R'2, -(CH2)SR',and n 0, 1, 2, or 3, and R'ﬁ—’galkyl or cycloalkyl; and wherein X = NH or 0;
(e)R2  wherein 111 OR’, SR’, NR’, alkyl, ohhalide, at position 2, 3, 4, or 5 on the phenyl ring, and

10R' = alkyl, aryl, or H; wheremeR2 =K, atkyl, or aryl; and wherein R3 = H, alkyl, or aryl; (1) wherein
RI = H, OR', SR', NR', alkyl, or haition 2, 3, 4, or 5 on the phenyl ring, and R' = alkyl, aryl, or
acyl; wherein 112 H, alkyl, alkenyl, orarjg;-wherein R3 = H, alkyl, 15alkenyl, or aryl; whereinm =0, 1,
or 2; and wherein n % or 1; 69 (C)m

wherein R = CO(CH3),XR';, SO,(CH,),XR';, or SO;NH(CH2)sXR", and X=Nor S, and n =
1,2, 0r 3, and R' = alkyl or cycloalkyl; and whereinm = 1 or 2;

5 (@
wherein R = aryl, alkyl, (CH3)oNR';, (CH3),SR', and n=0, 1, 2, or 3, and R' = alkyl or
cycloalkyl; and wherein X = NH or O;
y NH
R1"'\ ' J’Rs
S
() Re
wherein Ry = QR’, SR', NR, alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring, and
10 R'=alkyl, aryl, or H; wherein R; = H, alkyl, or aryl; and wherein R3 = H, alkyl, or aryl;

(®
wherein R1 = H, OR/, SR/, NR', alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring,
and R' = alkyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,

15 alkenyl, or aryl; wherein m =0, 1, or 2; and whereinn=0 or 1,

hit
AR N™ "Ry
AT P S R2
I Rs
(Ol

(8)



wherein RI = H, OR’, SR', Nit', alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring, and R' = alkyl,
aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl, alkenyl, or aryl; wherein R4 =
H, halide, alkenyl, carboxylic acid, or an alkyl containing,, S, or N; and wherein m =0, 1, or 2; and
5(h)any oxidized form of compounds (a)-(g) above. [00163]The present invention further provides a

method for treatingatlgaR| eng, exrdize, deeiti@m R 1R Q@&aﬁoaahythmi%(@aghetﬁﬂnytﬁndia; atrial
arrhythmia, including atrial tach rhyth ial |b ti th sustai ed a tained);
ventricular arrhytrﬂﬂge%llnéllll%n AU (}ﬁ onﬁan‘éiy xc(ieQrcgg In iedﬂ car %?: a(ﬁ; ﬁiﬁia) or
10heart failure) in ailsujmentaﬁh@/m@nh(kﬁ edrhbalgbsaékﬁwhmqnﬂla acid, Bémmbi@mé%Qi\%tive to
the subject in an unt alirsiivede Fepbableagt one cardiac condition in the subject. A suitable

amount of the 1,4-benzothiazepine derivative effective to treat a cardiac condition (e.g., a cardiac
arrhythmia (e.g., tachygardla aﬂya:lxa:rr:hyltfumﬁoﬂnm‘rqﬂmgsa@r)a(g)abbwrrhythmla and atrial fibrillation

(both sustained argpes-sustafied) uenireHAS LSRRI Ineblagenlelan fRslagon: and

exercise- mduced arrh heart failure) in a su Ject may range from about 5 mg/kg/day to

about 20 mg/kg/d&yrdzmdmdmaly(b@ aﬁ%fﬁ’@%ﬂbﬂﬁ%ﬁ%ﬁﬂ.ﬁ@ taetieardia 8t STdvEiminiRfg Rom about
300 ng/ml to abous:AQR RexamlyHE G W PrEERMJIA itk iy alfed ﬁfﬂmdﬁ&@mﬂ%ﬁ)odefmﬁqmaventmg at

least one 20cardiac condltloné a cardiac thmlaése tach trial arrhyth |a including
atrial tachyarrhythfFia SHY? P#ﬂﬁﬂ'ﬁ?mﬁ ﬁg’% AT e Crllsoenl -Sus al%% ittt Tcp;{ z;? arrhythmia,

including ventficulbeafitfaillated i zasulbje%erEMMsdwasmadramhmmla)l,,ﬁémmﬁlmﬁ@lm
exercise-induced ﬁ&@@%oe%rﬂ@&qq atman AnStY et a9 SOrBREisaAiRdRIRGTIRGIR

1,4-benzothiazepine derivative to the subject in an amount effective to 25prevent at least ope cardiac

condition in the sUBRIESt AHAPIR2RIRN 9 Biethd tenzotusmainrs AByRtR RiRS G & SRt Borevent at
least one cardiac eeniiiande.o cﬁﬁaﬁdt@lﬁ}'ﬂﬂﬁytamaaéeygardﬁcbmwmythmaj mmhgriﬂtmataaﬁncludmg

atrial tachyarrhyth{mfilPb ﬁﬁ i |aI flkarlqutllot%gpr @?lg&%d néllaq %us%%brﬁ Y %[I}I#ﬁﬁllar arrhythmia,

including ventrlcular n and exercise- |n cardiac arr mla re, or

exercise-induéed @G"#Méﬂ'@é‘?@l\%"déﬁma‘%f@%%j%t%?mﬁé%?ﬁdaﬁﬁ&%%@’/ﬁ’@m&wo about 20

mg/kg/day, and/omgaaymare)iRinasRtsHEiGias hoachiemss mlgmgraagetceisd@trmmmﬁtaﬁ%soo ng/ml
to about 1000 ng/ml 70 1001651Inﬂaccordan ge WI'[IP the lamqve desc ibed ou @89 g;ex]at(r)n%es of the

1,4- benzothiazepl §&AVAROSIH MBS RETEH K feganene frorh a
1000 ng/ml.
[00164] The present invention also provides a method for preventing at least one

20  cardiac condition (e.g., a cardiac arrhythmia (e.g., tachycardia, atrial arrhythmia, including
atrial tachyarrhythmia and atrial fibrillation (both sustained and non-sustained); ventricular
arthythmia, including ventricular fibrillation; and exercise-induced cardiac arrhythmia), heart
failure, or exercise-induced sudden cardiac death) in a subject. The method comprises
administering a 1,4-benzothiazepine derivative to the subject in an amount effective to

25  prevent at least one cardiac condition in the subject. A suitable amount of the 1,4-
benzothiazepine derivative effective to prevent at least one cardiac condition (e.g., a cardiac
arthythmia (e.g., tachycardia; atrial arrhythmia, including atrial tachyarrhythmia and atrial
fibrillation (both sustained and non-sustained); ventricular arrhythmia, including ventricular
fibrillation; and exercise-induced cardiac arrthythmia), heart failure, or exercise-induced

30  sudden cardiac death) in a subject may range from about S mg/kg/day to about 20 mg/kg/day,
and/or may be an amount sufficient to achieve plasma levels ranging from about 300 ng/ml to
about 1000 ng/ml.



(@) wherein R = aryl, alkenyl, alkyl, -(CH2)NR12, or -(CH2)05111,andn=0, 1, 2,0r 3, and R' =-
5alkyl or cycloalkyl; :S-N-R MeO_N.) 6 wherein R = aryl, alkyl, -(CH2)ONRIZ2, or
-(CH2)5121,and n =0, 1, 2, or 3, and it = alkyl or cycloggkyl; (c) MeO 10 wherein R =
CO(CH2)nX1112, 502(CH2)XIV2, or 502NH(CH2)11XR'2, and X=Nor5,andn=1,2,0or3,and R.' =
alkyl or cycloalkyl[(mmdsyvhereim Atcoriac wieibabové-BRSiibdd methade psimples afshe dlfkyl, -(CH2)nNIt2,

-(CH2)SR', and n = gl‘g %ﬁy&lgﬁ%}/l and wherein X = NH or O; () wherein
R.1=0R', SR/, éﬁz’e&%ﬁfggag eﬁgcsftlé)n 2“43? 4, or 5 on the phenyl ring, and R' = alkyl, aryl, or
H; wherein R2 = H aIkyI or aryl; and whereigR3 = H, alkyl, or aryl; 71

S-R

(a) S

wherein R = aryl, alkenyl, alkyl, -(CH;).NR',, or -(CH;),SR',andn=0, 1, 2, or 3, andR'=
5 alkyl or cycloalkyl;

o“s—N R
Meo\m ‘C\)
(b) S
wherein R = aryl, alkyl, -(CH;),NR", or -(CH;),SR’, and n =0, 1, 2, or 3, and R' = alkyl or
cycloalkyl,
R
MeO\@‘N
(c) (O)m

10 wherein R = CO(CH;),XR", SO5(CH;)XR",, or SO,NH(CH;),XR", and X=Nor S,andn=
1, 2, or 3, and R' = alkyl or cycloalkyl; and whereinm =1 or 2;

(d)

wherein R = aryl, alkyl, -(CH;3)sNR';, -(CH;),SR',and n=0, 1, 2, or 3, and R' = alkyl or
15  cycloalkyl; and wherein X = NH or O;

= NH

(e) Re

wherein R; = OR/, SR', NR|, alkyl, or halide, at position 2, 3, 4, or 5 on the pheny! ring, and
R' = alkyl, aryl, or H; wherein R; = H, alkyl, or aryl; and wherein R; = H, alkyl, or aryl;



(0 wherein RI = H, OR’, SR', NR', alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring, and R' =
alkyl, aryl, or acyl; wherein R2 =1-1, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl, 5alkenyl, or aryl;
whereinm 0, 1, or 2; and whereinn=0011; (Q) Wi}(larein RI = H, OR’', SR', NW, alkyl, or halide, at
position 2, 3, 4, or 5 on the phenyl ring, and R' = alkyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or
aryl; wherein R3 =-- H, alkyl, 10a|ke%5,nor aryl; wherein R4 = H, halide, alkenyl, carboxylic acid, or an
alkyl containing 0, S, or N; and wherela_|n 0, 1, or 2; and  (h) any oxidized form of compounds (a)-(g)
above. In one embodiment of,.‘t1 présen g(zention, the 1,4-benzothiazepine derivative is selected from
the group consisting of S4, S7, Ne:-24, S-25, S-26, S-27, and S36. Preferably, the
l,4-benzothiazepine derivative 15 is %86. Rme present invention also provides uses of these
1,4-benzothiazepine derivatives in methods for treating or preventing at least one cardiac condition
(e.g., a cardiac arrh@hmia (e.g., tachycardia; atrial arrhythmia, including atrial tachyarrhythmia and
atrial fibrillation (both’sustained and non-sustained); ventricular arrhythmia, including ventricular
fibrillation; and exaksise RNGUEEORAsHaN R mid)libeartpiailice 203, dxer Gise-indpieagl singden cardiac
20death) in a subject., [001661The present inveptjon al rqvides novel. rr or
high-through- pué‘g#eén%r% oy °é$aB’(d|%Fé%ﬁy%&%%i%%%ﬁ’cﬁl%‘?fr?ﬁa%'%gﬁa{%ce ’i%l My of
FKBP12.6 ard RalR2ylrepamticehsaretho srésbior #vadtderpiovid@9blmethod for identifying an agent that
enhances binding of RyR2 and FKBP12.6, comprising the steps of: (a) obtaining or 72 generating a
source of RyR2; (b) exposing the RyR2 to FKBP12.6, in the presence of a candidate agent; and (c)
determining if the agent enhanc mdirgy, of RyR2 and FKBP12.6. In one embodiment, the RyR2 is
PICA-phosphorylated. In anoﬂh{eﬁg?di t, the RyR2 is PKA-hyperphosphorylated. In yet another
embodiment, the RyR2 is 5SunphoSph d. [001671In the method of the present invention, the RyR2
is immobilized to a solid phase, such@g a pﬁate or beads. To facilitate detection of RyR2-FKBP12.6
binding, the FKBPI2.6 may be radio-labeled (e.g., with 325). Furthermore, enhanced binding of RyR2
and FKBP12.6 may(Bk detected using an FKBP12.6-binding agent. In one embodiment, the
10FKBP12.6-binding agent is an anti-FKBP12.6 antibody. The present invention also prqvides

wherein R1 = H, OR’, SR', NR/, alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ning,

and R' = alkyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,

10 alkenyl, or aryl; wherein R4 = H, halide, alkenyl, carboxylic acid, or an alkyl containing O, S,

or N; and whereinm =0, 1, or 2; and

(h) any oxidized form of compounds (a)-(g) above. In one embodiment of the
present invention, the 1,4-benzothiazepine derivative is selected from the group consisting of
S4, S7, S-20, S-24, S-25, S-26, S-27, and S36. Preferably, the 1,4-benzothiazepine derivative
15 is 836. The present invention also provides uses of these 1,4-benzothiazepine derivatives in
methods for treating or preventing at least one cardiac condition (e.g., a cardiac arrhythmia
(e.g., tachycardia; atrial arrhythmia, including atrial tachyarrhythmia and atrial fibrillation
(both sustained and non-sustained); ventricular arthythmia, including ventricular fibrillation;
and exercise-induced cardiac arrhythmia), heart failure, or exercise-induced sudden cardiac

20  death) in a subject.

[00166] The present invention also provides novel assays for regular or high-through-
put screening of other biologically-active small molecules that enhance binding of FKBP12.6
and RyR2. In particular, the present invention provides a method for identifying an agent

that enhances binding of RyR2 and FKBP12.6, comprising the steps of: (a) obtaining or



an agent identified by this method, as well as uses of this agent in methods for limiting or preventing a
decrease in the level of RyR2-bound FICBP12.6 in a subject; in methods for treating or preventing
heart failure, atrial fibrillation, or exercise-induced cardiac arrhythmia in a subject; and in methods for
preventing exercise-induced sudden cardiac death in a %subject. 1001681Additionally, the present
invention provides a method for identifying an agent for enhancina&lﬂg?lb'n.di of RyR2 iamd FKBP12.6,
comprising the stefSECEITE P SRR éh%?é‘?ﬁ?ﬁ‘é%&&?’&gé? B é@t pr??ﬁ%)%elr?gathe FKBP12.6
to RyR2, in the preasli¢acegencandi@itetagsningifith¢cgemtermicighd b agediRayRBandes the binding of

RyR2 and 20 FK IRGRL D RRERLPR Ll GARbRTRBSIYRIRGHED Anidiknt,
embodiment, the%%ﬁzéggl%pﬁﬁ)%@gﬁgghﬁrylaﬁ%. Iaﬁ;gbaﬁéo%e{? embodiment, the RyR2nis

unphosphorylatedtht BoR3gy RKASREPRAIRIPIHE e Lo vt pRASRI SMbiaR B BE Z¥% immobilized to a
solid phase, ssich apibiiRég/REdaeads. To facilitate detection of RyR2-PKBP12.6 binding, the 25RyR2
may be radio-labeled (e.g., with 32P). Furthermore, enhanced binding of RyR2 and FKBP12.6 may be
detected using an[SO1RY-bindiry theyewthed ofitbeansbratinveniiom B ipimmeyiligrdie s gHdanti-RyR2
antibody. The pre?ﬁme!@M&P&@ﬂ%%@é/&ge?@ﬁ@ﬁa@td@mﬁeﬁ RYRMBKBeOhiagiNgethas uses of this
agent in methods for limiting or preventin%a decreage;n. t Jg}vel of R 2-b(3%nddFKBtPR1%.26 ina
subject: in methodSfRF Ay B B BrADR A AN SAR failur/e BT HE TRA B A or v Qs &Y Nduced
cardiac arrhythmiarit BKEije6tmanbeideraatidodmdan FICBRifdiedagigenindu oselesidanentthéac death
in & sublect. 63 [%ﬂ%ﬂ%n%f%émﬁaﬁ?—?}@ﬁ@%ﬁtiﬁb@%%@ﬁ%@n?ﬁl%ﬁ&%@Bf'o%fﬁ@éem

assay for high-throughput scree or small molecules may be developed by immobilizing FKBP12.6
(e.g., wild-type Flemreent sleytified Biohiprotiiod a5 deihes @ssofis paeptds istbodsder iRiiingafe coated
with glutathione, ysingrsiarwlaéstdacece didrrselRKRyRbOSPROFKBIEG Sryianadise; iaesgindiype 2 (RyR2)
may be loaded onttro ttrile FKBP12t.6-cnoa;tepiﬂllrat%h%n%%gtkl)gteq gvitpcf]T_\‘/a’Sum acgradgg_ugﬁ @’?{% a{:»ther
1,4-benzothiazepeﬁ% qeAVBIVES BB VSHOUS CShtentrations &8—168 nﬁ?l) orqu min. after, the
plate may be waskeaisthies tranddintmeehodofon drevg i egrdreirerindieagd arddonibrdiptideaiR antibody (e.g.,
for 30 min). Tke plgtgeppay be washed again to remove unbound anti-RyR2 antibody, and then treated
with 10florescent-labeled secondary antibody. The plate may be read by an automatic fluorescent
[00168) Additionally, the present invention provides a method for identifying an agent

for enhancing the binding of RyR2 and FKBP12.6, comprising the steps of: (a) obtaining or
generating a source of FKBP12.6; (b) exposing the FKBP12.6 to RyR2, in the presence of a
candidate agent; and (c) determining if the agent enhances the binding of RyR2 and

20 FKBP12.6. In one embodiment, the RyR2 is PKA-phosphorylated. In another embodiment,
the RyR2 is PKA-hyperphosphorylated. In yet another embodiment, the RyR2 is
unphosphorylated.

[00169] In the method of the present invention, the FKBP12.6 is immobilized to a
solid phase, such as a plate or beads. To facilitate detection of RyR2-FKBP12.6 binding, the

25 RyR2 may be radio-labeled (e.g., with *2P). Furthermore, enhanced binding of RyR2 and
FKBP12.6 may be detected using an RyR2-binding agent. In one embodiment, the RyR2-
binding agent is an anti-RyR2 antibody. The present invention also provides an agent
identified by this method, as well as uses of this agent in methods for limiting or preventing a
decrease in the level of RyR2-bound FKBP12.6 in a subject; in methods for treating or

30  preventing heart failure, atrial fibrillation, or exercise-induced cardiac arrhythmia in a

subject; and in methods for preventing exercise-induced sudden cardiac death in a subject.



plate reader for binding activity. [00171]Alternatively, RyR2 may be PKA-phosphorylated in the
presence of 32P-ATP. Radioactive PICA-phosphorylated RyR2 may be loaded onto an
FKBP12.6-coated, 96-well plate, in the presence of JT\/-519 analogues and other 1,4-benzothiazepene
derivatives at 15various concentrations (10-100 nM) for330 min. The plate may be washed to remove

the unbound radigjabgled RyR2.a0d then-raad b auiamalic-Ritereacer, RigAnhasrhorylated

RyR2 also may be coated to the plate, and incubated with 32S-labeled FKBP12.6 in the presence of
the analogues arf§saefRFueRstirpyg Ferms R S Al amiesyIrs AeE s selnrsEPIIRARE #3& mples,

which are set 20fpKIBrIR Bi(kip , Hréidyge FXBIA DG @htheidive oo seuchsGSTIFKBP 6 onstaied to limit

in any way the sco f the inyentio defined in the.claims which w.thereaf XAMPLES
EXAMPLE 1 - Fl(‘i’@g‘i')?%?%’f—fgl‘&‘&a‘f?%&'ﬁ’ TB‘S?L‘?%TE?%@BW&%‘-‘&FeSficient ﬁﬁ:s' %gﬁg{%agnerated, as
previously describeodive rmesntoetPs 2 I(RFKD map & inafledants thnHkRie 2 treoristplate.redase channel
(ryanodine recepfgiidMadtion imied saexsiesenemeer spdesmieaiiRcddadiivésalvddstid29-40,2003).

Briefly, mouse genomic 1-phage ¢lo or_the myrjne orthoJogye of the human, FK506 binding protein
12.6 (FlCBP12.65%%%“F§Eﬂ%ﬁ§®ﬂ§bn£§y§& ) h‘ﬂegﬁ?ﬁﬁgiﬁﬁ %Llfafﬁl E\%ﬁé‘iﬁ” ?ﬁﬁ?ﬁ‘n@ BRE %Fobe. The
targeting vector walsooisbRyRe duddbdetivcakated Bitiitt RyRilcintdodiain ghéo80@nting dddingtsequences

for murine KB k& PoREIRAILEd Rt 1ROV GRUDAAIN RIRARIEEA! QR RGAINRKS0 binding
protein (FKBP) 12.6 gene. Mamm. Genome, 74 9:1069-71, 1998), by replacing 3.5 kb of murine

genomic DNA& WiﬂP@WH@é@%@%ﬂ%@mgﬂér.%@?@&H@ﬂ’&dﬁé@ Y AR aUe i Bueresstihent were
cloned into pIJNSRa® kagktfonendeiactivity. PGK-neo and PGK-TK cassettes. The DBA/lacJ embryonic
stem (ES) cells were grown and transfeeted, using established protocols. Targeted ES cells were first

screened by 5Sol#HdM analy8leranitdypBeRA merde B Armbosmae lated lifribd iy sPreRof0 BothiPm
homologous recam@inRticorilalshetiine eI/ PGS te IRAdlakd 46 malas 2anehasimingiffspring

identified by brown coat golor. Germline offspring were genotyped using 5' Southern analysis. Positive

FKBP12.64'mal®@Ent} FAHRATEntieae’ Infet bt 4uaiares ARt i it TRCa TP SRERK BB B ER fhice at
approximatdly 25%ritneqeecmyrakittis PI0216d-nibder Bentirfe e plate may be washed to remove the

unbound radiolabeled RyR2, and then read by an automatic plate reader. PKA-
phosphorylated RyR2 also may be coated to the plate, and incubated with *2S-labeled

FKBPI12.6 in the presence of the analogues and derivatives.

[00172] The present invention is described in the following Examples, which are set
20  forth to aid in the understanding of the invention, and should not be construed to limit in any

way the scope of the invention as defined in the claims which follow thereafter.

EXAMPLES

EXAMPLE 1| - FKBP12.6-DEFICIENT MICE

[00173] FKBP12.6-deficient mice were generated, as previously described (Wehrens et
25  al,FKBP12.6 deficiency and defective calcium release channel (ryanodine receptor)

function linked to exercise-induced sudden cardiac death. Cell, 113:829-40, 2003). Briefly,

mouse genomic A-phage clones for the murine orthologue of the human FK506 binding

protein 12.6 (FKBP12.6) were isolated from a DBA/1lac] library, using a full-length murine

cDNA probe. The targeting vector was designed to delete exons 3 and 4, which contain the
30  entire coding sequences for murine FKBP12.6 (Bennett et al., Identification and

characterization of the murine FK506 binding protein (FKBP) 12.6 gene. Mamm. Genome,



10100174jAll studies performed with FKBP12.64" mice used age- and sex-matched FKBP12.644+
mice as controls. No differences were observed between FKBP12.64- mice raised on the following
backgrounds: DBA/C57BL6 mixed, pure DBA, and pure,f257BL6. EXAMPLE 2- TELEMETRY
RECORDING AND EXERCISE TESTING IN MICE (001751FKBP12.6+1+ and FKBP12.64" mice were
maintained and st)digol 2Ga9uR)) Gy eepladiig TS Risof prmeaiaynio ® s tititiarkG Ko ad1€atdeand Use
Committee of Colympia Univplail-ddice were Anassihstized using 21836 saliians Inbaiaiog
anesthesia. ECG Tadiote emetry recordings of anmbulator anlmaf's were obtained >7 days after

intraperitoneal imptameavish RE%taes endRGK-Fcassaitsaal s OPAJRCHANLIVIBIEFE BN CHKEDPI2 6
deficiency and defegliNg el eciele asRRABNAKT YRARQWDINE TRgERIDESTLEIRvaifkecttened by
20exercise-induced sudden cardiac death. C?# 1}1 :829-40, ZOOS’Qd Egg)égﬂ%gs ggﬁts, rgic vere
exercised on an inCHASEPEYH LR POISXE SRS ARES RS TRAFE RO AcaIly FoRME PO &S e phrine
(0.5-2.0 mg/kg) (Webrbisdéat MaleBRibR6sdeficiond yoddBidbiet fiemabtsicinhegsaidmsoifspmeael (ryanodine

receptor) function_}i ise-l i h82%40n4R03), Resting
heart rates of amtl)%%%%é %}Eﬁrﬁgf v%é?ﬂ%i%ﬂ%%@ég ﬁ& ?@&lﬁ FI?E]I‘Eé?a-éEgXFég}éSSION OF

WILD-TYPE ANDRae5. SostopFHBRIRNT Saloriridimaesgue diewransdotedopmed b By r2
(RyR2-S2809D) vrrBperfotmest Aappioximasly dssdimenty atkBRrs 268l micKB&4 Zefiildeficiency and
defective calcium release channel (ryanodine receptor) function linked to exercise-induced sudden
cardiac deathd Celf030413: 82 hstriioR)erformed s hEHBRIZIE dniteansfeaedwisonatshedt RyR2

wild-type _(WT)7gr\F;Mﬁlﬁ.@’DNﬁb¢3@§‘édgﬁblsg Nﬁ exffﬁi&‘]@e%’k%é 6@%3%%%&@%317%@%@ d (Weh
precipitation. esicles containing RyR2 chan prepared, as previo ehrens
Gl FKBP12 6 ISR AP HORE VLA IEn PORe B R TS AU B T By Hhtion ke
to exercise-induced sudden cardiac death. Cell, 113:829-40, 2003). EXAMPLE 4- RvR2 PICA
PHOSPHORY LATIORXKAMBIFZ:SHEL EMETRNRECORDANG AN B ERRISERELINCGINMEErepared, as
previously descriljegi {§]arx et FKBPRA PhagmxByiatinmdissesiainsiftdGBRhA. Gfdtdadverdmlgiom
release charyel (yanoding fecepiar delerie panlalioen Ialineheatis el LgfiRg76. 2000
Kaftan et al., EffeCts of rap%pmycm dn ryanodine receptor. A5+ releage Channels from cardiac muscle.
Circ. Res., 78:990/0i7er096Mits Faetranethripiushng 3946 isethuratcnhalatien gnsstiesi2: Bufek Coupled 10
ety RYR? vl L0 e e e el chhes i 106 D e 68)
quantify RyR2 levels ) mjcrosomes were dilyted i of 10-mM i ole buffer (pH 6.8),
incubated with o5 R A OB TR TR ) (W ehiens of ol FRBETLD

deficiency and defective calcium release channel (ryanodine receptor) function linked to

20  exercise-induced sudden cardiac death. Cell, 113:829-40, 2003). For stress tests, mice were
exercised on an inclined treadmill until exhaustion, and then intraperitoneally injected with
epinephrine (0.5-2.0 mg/kg) (Wehrens et al., FKBP12.6 deficiency and defective calcium
release channel (ryanodine receptor) function linked to exercise-induced sudden cardiac
death. Cell, 113:829-40, 2003). Resting heart rates of ambulatory animals were averaged

25 overdh,

EXAMPLE 3 - EXPRESSION OF WILD-TYPE AND RyR2-52809D MUTANTS
[00176] Mutagenesis of the PKA target site on RyR2 (RyR2-S2809D) was performed,

as previously described (Wehrens er al., FKBP12.6 deficiency and defective calcium release
channel (ryanodine receptor) function linked to exercise-induced sudden cardiac death. Cell,

30 113:829-40, 2003). HEK293 cells were co-transfected with 20 ug of RyR2 wild-type (WT)
or mutant cDNA, and with 5 pg of FKBP12.6 cDNA, using Ca?* phosphate precipitation.



37C for 60 min, then quenched with 500 gl of ice-cold imidazole buffer. Samples were centrifuged at
100,000 g for 10 min, and washed three times in imidazole buffer. The amount 150f bound
[35S]-FICBP12.6 was determined by liquid scintillation_counting of the pellet. EXAMPLE 5-
IMMUNOBLOTS 1001781lmmunoblotting of microsomes (50 pig) was performed as described, with
anti-FKBP12/12.6,(1:1,000), anti- <5029 (1:3,000 araman I / (gygﬂu}g rotein
associated with t%éséci‘fgiﬁomfarlgllgﬁ?g %ﬁ5naﬁlélfgllryaé%o%)lﬁrég%ébae%g%{oggggfgéﬁgﬁ., 20267%2%7’4-77,
1992), or anti-phE&BRORGReEFiesyYd & fekiverenicium eleatsshangd franrpdinrsneaiRR b ta-blockers
restore calcium rglgage.charnelifldasiipadid ing\RLardiac mispedperioaynance in human heart
failure. Circulation, 107:2459-66, 2003). The P2809- phosphoepitope-specific anti-RyR2 antibody is an
affinity-purified polyclopglyiablk antieqdy pRUSEIBIPRER PY AIMRANIPPIAIPTES fRaRRIANCisco, CA)
using the peptide, 25 -(pS)- , W ponds to ICA-phosp

Ser2809. Aftér inl9batlon witfras- @Fé’abaﬁﬁﬁfzﬁéﬁﬁﬁf@e;e&?é,aﬁd‘aﬂﬂﬁSﬁ?%géﬂfMi&is’rf’ aboratories,
Lexington, KY), tREAlgisspiaislsteadapedatesiRgEPCL 6 AonetisheakifthachomeichaRist aanalnd\J). The
antibodies may also he used in the fallowi 10s: 1:4, (Btiztabhit ; ,

(ant RyR2-50%0 S SH E R AT S A TR, SO e s
1001791 Single-chiapashyeiscrepigroding serveleifiz> felsse shene i e2ptisamrekrSrerigcombinant
RyR2, vr;/ere ﬁcqulr}ee@@(?ﬁ,em\y@jta{i@-ﬁ&m Pmitpﬁmt%am‘dtealaﬂgmeawdegar&hm&gmx etal., )
PICA phosphorylation dissociates FKBPI2.6 from the calcjum.rele annel.(ryanodine receptor):
defective reé%|ati?3ﬁ‘}ff?£ﬁﬁ?fgﬂ%%§jfé‘.°&@fﬁt%E%EE%?%&%%H‘é%‘mﬁ@niﬁf% |8(rl11éé/u§18§%rw Shannel
recordings were: iseth® qompirkpBatevilk: PRS2 60mmmmestths Begi© B @ted i ol of(1A-gdvhe

experiments, Ba(SM‘&)a%‘ﬁé%féPkEﬁ%i&%@@J&?édWh%b-?xﬁ*'{'ﬁﬁm&éeﬁﬁmﬁﬁﬁ“ FrBWEPES 250
mmol/L; Iris-base, 125 mmolfL; EGTA, 1.0 mmol/L; and CaCl2, 0.5 mmal/L; pH_7.35. Unless otherwise

indicated, single-chAnfeRd m%em&m&%%tmgé‘]iﬁftﬁ&fﬁﬁgﬁ%ﬂf fgggﬁl\ﬁ@%ﬂﬁiﬁeéﬁd 1.0-mM
[Mg2+] in the cis earripgiren00RYaRIoiNG (Sny ) waked ipte drirsheinidcotpaffin cTidonoamtirm
identity of al] chanpels. \ lyzed from digitized.current recordi ' han software
(Axon Instrulrﬁent%{lbﬁlﬁ?o ' yﬁﬁ;fﬁI)%g?gtearenégx%%i%gg%%grtrql]éaﬁl)%é%ggﬁ%%ﬁr?ga%zlﬁswdent's 1-test
was used for statistical comparison of meap valyes betyeen ex 'r_pents. A 15value ofp<0.05 was
considered statistically significant. [00180fFheEffee cADRCR) A RYR2 channels are set forth in
FIGs. 1-3 and Talfld 38[below)mAsrdbinitingwhteidrasoRiE () uighveinghetomendrs|dssodied, stitwed
increased open probaRiiy 9&5&/6.21f@d&m&@%&@g%my@%%@% ASLARBFHEhimE'CA

phosphorylation in the presence of the Specific PKA inhibitor, 5 24(C). Slr';’gle;channe 20 function
was normalized iPFEFRAsriphyh dhe s mprsireshelipntpel (reppeBpresepian tHebiol Chem.,
20 267:9474-77, 1992), or anti-phosphoRyR2-P2809 (1:5,000) for 1 h at room temperature

(Reiken et al., Beta-blockers restore calcium release channel function and improve cardiac

muscle performance in human heart failure. Circulation, 107:2459-66, 2003). The P2809-

phosphoepitope-specific anti-RyR2 antibody is an affinity-purified polyclonal rabbit
antibody, custom-made by Zymed Laboratories (San Francisco, CA) using the peptide,

25 CRTRRI-(pS)-QTSQ, which corresponds to RyR2 PKA-phosphorylated at Ser”®®, After
incubation with HRP-labeled anti-rabbit IgG (1:5,000 dilution; Transduction Laboratories,
Lexington, KY), the blots were developed using ECL (Amersham Pharmacia, Piscataway,
NJ). The antibodies may also be used in the following ratios: 1:4,000 (anti-rabbit IgG); and
1:5,000 (anti-RyR2-5029 and anti-FKBP12.6).

30



presence ofJTV-519 (E). Amplitude histograms (right) revealed increased activity and subconductance
openings in PKA-phosphorylated RyR2, but not following treatment with JTV-519 and FIC131312.6.
FIG. 3F shows that incubation of PKA-phosphorylated I?gRZ with FKBP12.6, in the presence of
JTV-519, shifted the Ca2+-dependence of RyR2 activation 25towards the right, making it similar to the

Ca2+-dependence of unphosphorl\é ‘ﬂl‘i di @ Iﬁg&gﬁﬁﬁd@ta before, during
exercise, and following exercise a ction wi epinepnrime. pm) PR (ins) QRS

(ms) QT (ms) QTEAHE)] Base|ﬁi@gle-cmmbf@@laswf@%%%@z@@ @%l%mouse or rat) hearts,

or recombinant RyR2, were acquired under voltage-clamp conditions at 0 mV, as previously
described (Marx et al., PKA phosphorylation dissociates FKBP12.6 from the calcium release

5  channel (ryanodine receptor): defective regulation in failing hearts. Cell, 101:365-76, 2000).
Symmetric solutions used for channel recordings were: trans compartment — HEPES, 250
mmol/L; Ba(OH),, 53 mmol/L (in some experiments, Ba(OH); was replaced by Ca(OH),);
pH 7.35; and cis compartment — HEPES, 250 mmol/L; Tris-base, 125 mmol/L; EGTA, 1.0
mmol/L; and CaCl,, 0.5 mmol/L; pH 7.35. Unless otherwise indicated, single-channels

10  recordings were made in the presence of 150-nM [Ca?*] and 1.0-mM [Mg**] in the cis

compartment. Ryanodine (5 mM) was applied to the cis compartment to confirm identity of
all channels. Data were analyzed from digitized current recordings using Fetchan software
(Axon Instruments, Union City, CA). All data are expressed as mean + SE. The unpaired
Student's /-test was used for statistical comparison of mean values between experiments. A

15 value of p<0.05 was considered statistically significant.

[00180] The effects of JTV-519 on RyR2 channels are set forth in FIGs. 1-3 and Table
1 (below). As demonstrated in FIG. 3, the single-channel studies showed increased open
probability of RyR2 following PKA phosphorylation (D), as compared to PKA
phosphorylation in the presence of the specific PKA inhibitor, PKIs5.24 (C). Single-channel

20  function was normalized in PKA-phosphorylated RyR2 incubated with FKBP12.6 in the
presence of JTV-519 (E). Amplitude histograms (right) revealed increased activity and
subconductance openings in PKA-phosphorylated RyR2, but not following treatment with
JTV-519 and FKBP12.6. FIG. 3F shows that incubation of PKA-phosphorylated RyR2 with
FKBP12.6, in the presence of JTV-519, shifted the Ca?*-dependence of RyR2 activation

25  towards the right, making it similar to the Ca**-dependence of unphosphorylated channels.

Table 1. Ambulatory ECG data before, during exercise, and following exercise and injection
with epinephrine.

30 SCL (ms) HR (bpm) PR (ms) QRS (ms) QT (ms) QTc (ms)

Baseline
FKBP12.6*" 104+ 6 586+36 32+£15 99+04 3010 2906
FKBP12.6™ + JTV-519 995 608+32 33+0.6 93x 03 32+£27 32+19
35 FKBP12.6" +JTV-519 1169 527+43 33+04 100+03 3313 30+1.1



30 1.0 290.6 FKBP12.6'+ JTV-51999 5608 3233 0.69.3 0.332 2.732 19 FKBP12.64" + JTV-519
1169 52743 330.4 10.00.3 33 13301.1 77 Maximum exercise
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Maximum exercise
FKBP12.6" 80+2 752+18 28+0.7 87+04 30+17 33x16

FKBP12.6" + JTV-519 907 676+49 29+18 9.6+04 34x20 36+09
FKBP12.6” +JTV-519 83%3 729+22 29+2 9303 30+£12 3309

Post-exercise epinephrine
FKBP12.6™ 94+4  645+28 3526 93+04 33£18 34x19

FKBP12.6" +JTV-519 102+4  592+21 37+26 99+06 32+23 32&17
FKBP12.6" +JTV-519 103+4  585+20 35+3.8 11.1+0.5 36x12 36%13

Summary of ambulatory ECG data in FKBP12.6" mice treated with JTV-519 (n = 8) or control (n =
6), and FKBP12.6™ mice treated with JTV-519 (n=5). SCL = sinus cycle length; HR = heart rate;
ms = millisecond; bpm = beats per minute; FKBP12.6" = FKBP12.6 heterozygous mice; FKBP12.6"
= FKBP12.6 deficient mice

EXAMPLE 7 - RAT MODEL OF HEART FAILURE
[00181] 25 Sprague-Dawley (300-400 g) underwent left coronary ligation, via left

thoracotomy, to produce myocardial infarction, as previously described (Alvarez et al., Late
post-myocardial infarction induces a tetrodotoxin-resistant Na" current in rat cardiomyocytes.
J. Mol. Cell Cardiol., 32:1169-79, 2000). Briefly, rats were anesthetized with a mixture of
150 mg/kg intraperitoneal ketamine and 15 mg/kg chlorpromazine. Respiration was
maintained with a ventilation assist device and an endotracheal tube (3 ml air / 60 strokes per
min). After median-left thoracotomy and pericardium opening, the left main coronary artery
was occluded with a 7-0 silk suture at the most proximal point below the left atria appendage.
Sham-operated rats (n = 5) were treated in the same manner, but without coronary artery

ligation.

[00182] Six weeks after myocardial infarction, heart failure was confirmed using
echocardiography. JTV-519 or vehicle (DMSO) was continuously infused (0.5 mg/kg/h) by
means of an implantable osmotic infusion pump (Alzet mini-osmotic pump; Durect
Corporation, Cupertino, CA). After 4 weeks of continuous treatment, echocardiography and
hemodynamic measurements were performed. Animals were sacrificed, and tissue samples

were harvested.

[00183] In accordance with the above techniques, heart failure was induced in rats by
ligation of the left anterior descending coronary artery. This resulted in myocardial infarction
that developed into dilated cardiomyopathy, with reduced cardiac function, within 4 weeks.

Three groups of animals were studied, with 25 in each group: sham-operated (control), heart



FKBP12.6.4 80 2752 1828 0.7 8.7 0.430 1.7 33 1.6 FKBP12.6+4JTV-51990 7 676 49 29 L8 9.6
0.434 2.0361t0.9 FKBP12.64+ JTV-519 83 3
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failure + therapy (JTV-519), and heart failure without therapy (vehicle). A four-week
treatment with JTV-519 significantly reduced diastolic and systolic dysfunction, as
determined by echocardiography (FIG. 4). Thus, the therapy with JTV-519 significantly
improved cardiac function and reduced the progression of heart failure in the rat model of

S ischemic-induced heart failure,

[00184] Using a mutant RyR2-S2809D channel that mimics constitutively-PKA-
phosphorylated RyR2 channels, it was determined that JTV-519 increases the affinity of
FKBP12.6 for the RyR2 channel (FIG. 5). Specifically, treatment with JTV-519 enabled
FKBP12.6 to bind to the mutant channel, thereby revealing a mechanism by which JTV-519

10  prevents heart failure. Treatment with JTV-519 also prevented the leak in the RyR2 channels
of failing hearts (FIG. 6). Furthermore, JTV-519 restored binding of FKBP12.6 to both
PKA-phosphorylated RyR2 and the mutant RyR2-S2809D that mimics constitutively-PKA-
phosphorylated RyR2 in a dose-dependent manner (FIG. 7).

EXAMPLE 8 — CANINE MODEL OF ATRIAL FIBRILLATION

15 a) Animal Protocols

100185] Pacemakers were implanted in female adult mongrel dogs weighing 24-26 kg,
using previously-described techniques (Dun et al., Chronic atrial fibrillation does not further
decrease outward currents, It increases them. Am. J. Physiol. Heart Circ. Physiol.,
285:H1378-84, 2003). Animals were anesthetized with thiopental sodium (17 mg/kg, i.v.),
20  and ventilated with isoflurane (1.5-2%) and O; (2 Vmin). Active fixation leads were
implanted in the right atrial appendage and right atrial free wall, tunneled subcutaneously,
and connected to an Itrel pulse generator and Thera 8962 pacemaker, respectively
(Medtronics, Minneapolis, MN). 40% formaldehyde (0.1-0.3 ml) was injected into the His
bundle, to achieve complete AV block. The ventricular pacemaker was programmed at a rate
25  of 60 bpm, and held at this rate throughout the pacing protocol. Following recovery, atrial
pacing was instituted at a rate of 600-900 bpm, and maintained for 46+3 days, or until the

animal was in chronic AF (defined as > 5 days of AF in the absence of continued pacing).

[00186] Animals were then anesthetized with pentobarbital (30 mg/kg), and their
hearts were removed. Atrial tissue was dissected, immediately flash-frozen in liquid

30  nitrogen, and stored at -80°C.
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b) Heart Harvest
[00187] Human data presented in this study were derived from 5 human hearts from

patients with atrial fibrillation in the setting of end-stage heart failure following orthotopic
heart transplant under a protocol approved by the Institutional Review Board of the New
York Presbyterian Hospital. In addition, data were also obtained from samples taken from 3
normal hearts not suitable for transplantation. At the time of transplantation, hearts were

preserved with cold (4°C), hypocalcemic, hyperkalemic cardioplegia solution at explant.

c) Immunoprecipitation and Back-phosphorylation of RyR2
[00188] Cardiac membranes (100 pg), prepared from left atrial (LA) tissue as

previously described (Marx, et al., PKA Phosphorylation Dissociates FKBP12.6 from the
Calcium Release Channel (Ryanodine Receptor): Defective Regulation in Failing Hearts,
Cell, 101:365-376, 2000) were suspended in 0.5 ml of RIPA buffer (50 mM Tris-HCL [pH
7.4], 0.9% NaCl, 0.25% Triton 100x, S mM NaF, and protease inhibitors), and then incubated
with rabbit anti-RyR2 antibody overnight at 4°C. Protein A sepharose beads were added, and
allowed to incubate at 4°C for | h. Protein A beads were subsequently washed with 1x kinase
buffer (50 mM Tris-HCL, 50 mM piperazine-N,N'-bis[2-ethanesulfonic acid], 8§ mM MgCl,
and 10 mM EGTA [pH 6.8]), and then resuspended in 1.5x kinase buffer. The reaction was
initiated with PKA (5 units), 100 uM MgATP, and [y”P]ATP (NEN Life Sciences, Boston);
it was allowed to incubate for 8 min at room temperature, and was then stopped with 5 pl of
6x loading buffer (4% SDS and 0.25 M DTT). Samples were heated to 95°C, and then size-
fractionated on 6% SDS-PAGE. RyR2 radioactivity was quantified using a Molecular
Dynamics Phosphoimager, and Imagequant software (Amersham Pharmacia Biotech,
Pescataway, NJ). Values were divided by the amount of immunoprecipitated RyR2
(determined by immunoblotting and densitometry), and expressed as the inverse of the

[y*’P]ATP signal.

d) Calstabin2 (FKBP12.6) Rebinding with JTV-519

[00189] RyR2 was immunoprecipitated from atrial SR (100 ng), and washed with 1x
kinase buffer, as described above. The immunoprecipitated RyR2 was phosphorylated with
PKA (5 units) and 100 uM MgATP at room temperature, and the reaction was terminated
after 8 min by washing with ice-cold RIPA buffer. Recombinant calstabin2 (FKBP12.6; 200
nM) was subsequently incubated with the phosphorylated RyR2 at room temperature, in the



592 2137 2.69.90.632 2.332t1.7 FICBP12.64"JTV-519 103 4585 2035 3.811.1 0.5361.2 36
1.3 Summary of ambulatory ECG data in FKBP12.6+4 mice treated with JTV-519 (n = 8) or control (n
= 6), and FKBP12.64' mice treated with JTV-519 (n = 5% SCL = sinus cycle length; HR = heart rate;
15ms = millisecond; bpm = beats per minute; FKBP12. Qr4 = FKBP12.6 heterozygous mice;
FKBP12.6]' = FKBP12.6 deficient mice EXAMPLE 7- RAT MODE - R 181]25
Sprague-Dawley P566-400 § Gne g)}vv%‘e%?%ﬁe(%?ﬁaéﬁyl |§§ﬁrcl)\|’fn\\/ﬁei gggﬁrﬁ% tﬁn%%?ﬁ&g uce
myocardial infarctisrreastiprexith RIRAdefEribbe pmiomsorees vte-fragiopaisd iy brartks ISt induces a
tetrodotoxin-resisianiNediskedest ingabrargirayrajtes. J Mat Cell Cardiot, 32:1169-79,2000). Briefly,
rats were anesthetized with a mixture of 150 mg/kg intraperitoneal ketamine and 15 mg/kg

chlorpromazine. Raggjiation was, malniainsdith . enilalian 8pastRKioR ancananslaiacheal be
(3 ml air! 60 strokes per 25min). Atter median-left thoracotomy and pericardium opening, the left main
Coronary arteﬁy the expeﬁments of Example 8:

Regulation of Atrial RyR2
[00191] Atrial RyR2 was PKA phosphorylated (FIG. 8A), in accordance with the

above techniques. PKA phosphorylation of atrial RyR2 reduced the amount of calstabin2
(FKBP12.6) in the RyR2 macromolecular complex, as determined by co-

10  immunoprecipitation (FIG. 8C). The atrial RyR2 macromolecular complex comprised
calstabin2 (FKBP12.6), the catalytic subunit of PKA, the PKA regulatory subunit (RII),
PP2A, PP1, and mAKAP (FIG. 8B), as previously reported for ventricular RyR2 (Marx ef al.,
PKA phosphorylation dissociates FKBP12.6 from the calcium release channel (ryanodine
receptor): defective regulation in failing hearts. Cell, 101:365-76, 2000).

15 PKA Hyperphosphorylation of the Ryanodine Receptor in Atrial Fibrillation
[00192) PKA phosphorylation of immunoprecipitated RyR2 was increased by 130% in

atrial tissue from dogs with sustained atrial fibrillation (AF), as compared with controls (n = 6

for AF, n = 6 for control, P < 0.001; FIG. 9A). Calstabin2 (FKBP12.6) binding to RyR2 was

decreased by 72% in atrial tissue from dogs with sustained AF, relative to controls (n = 7 for
20 AF, n =6 for control, P < 0.0005; FIG. 9A).

[00193] Similarly, PKA phosphorylation of immunoprecipitated RyR2 was increased
by 112% in atrial tissue from humans with chronic atrial fibrillation, in the setting of heart
failure, as compared with controls (n = 5 for AF, n = 3 for control, P = 0.002; FIG. SB).
Calstabin2 (FKBP12.6) binding to RyR2 was decreased by 70% (n = 5 for AF, n=3 for

25  control, P < 0.0001; FIG. 9B).

[00194] For all back-phosphorylation and co-immunoprecipitation experiments, the
total amount of RyR2 loaded was confirmed by a parallel immunoblot of immunoprecipitated
RyR2 with an anti-RyR2-5029 antibody (FIGs. 9A and 9B).



was occluded with a 7-0 silk suture at the most proximal point below the left atria appendage.
Sham-operated rats (n = 5) were treated in the same manner, but without coronary artery ligation.
[00182]Six weeks after myocardial infarction, heart failu ¢ was confirmed using 30echocardiography.
JTV-519 or vehicle (DMSQO) was continuously infused (0.5 mg/kg/h) by means of an implantable

continuous treat N AYIOETIC SR ELORIO LA A ARG AIC
were sacrificed, apgyissue samplrsentsine thaptgsisidgidsigalibasct of AecByRarReANIlpeRe above
techniques, heart failure was induced in rats by. ligation ofthe, left anterior descending coronary artery.
This resulted in m@%ogglrlgﬁﬁn?gl?yf‘%ﬁat (z);lbt% ey%ége%éﬁi)?\%% %Yﬁgeﬁégréiqmﬁopgt%%ht reduced cardiac
function, within 4 Vekeksndeneltageotprarfoaditieoass AR ra\sitialarar piK DERYSTEHFNG FST Hed-operated
(control), hea 78fadubRdtHdRIaRiAIRYR2 10)Ia0RhAIRAP piiuia Wit onidiberapy dvatisietrom Sour-week
treatment with JTV-519 significantly reduced djastolig and systalic dysfunction determined by
echocardiography/{F 554?."4’%11, f%%"ﬂ% Sraﬁ{}l\%/ﬁ?lng‘liﬁ%’b Ms?’g%ﬁncna%rfﬁlﬁnrﬁﬁ?ggggd cBidiac function and
reduced the progréssimstafedeantetadd retivithevhatersddelfdl Eimmgﬁ@hﬁeédﬁﬁe@lsfmed
1001841Using 2 oyiael, 34228095 ARG IDTHMUPIGR 90 ol I fnaplpsphgpdated RyR2
| -

channels, it was de 19increases the affinity of FKBPlZ‘.G for the RyR2 channel
(FIG. 5). Specifical)? Haadseting fiaqurny oA 184 £RBPIRE 1 BiA@ fo:tRe M0 KiahPRl, thereby
revealing a mgchagispdy which JTV-519 10 prevents heart failure. Treatment with JTV-519 also
prevented the leak in the RyR2 channels of failing hearts (FIG. 6). Furthermore, JTV-519 restored

binding of FKBP1g.6 19 bat PRoRRNRIH e P RYRZ apftthegutant RyR2-S2809D that mimics
constitutively-PKA ' iN a dose-dependent manner (FIG, 7). . EXAMPLE 8-

ospho ed RYRZ |
CANINE MODEL &H%‘ERlAL Eresent IO VB 15 Alime: pliewsasrse EasbirAakers were
implanted in femalgxaRI B)a09red AORISAVEIEEIRGE Asted RIR2 URiNg Presidssyed drsninehte chiiigues
(Dun et al., Chronic atrial.fibrillation does n ther decrease currents.. It increases them. Am.
T Physiol Heart CH B Riaf BB s B e AT e A AR ot
sodium (17 m§/kgwith PROphdsphenilatediRyRA i dftaeanpe(imenp@lant! B2 (2 1/min). Active fixation leads
were implanted in the riight atrial appendage and_right atrial free wall, tunneled subcutaneously, and

connected to an I#¥130se gerddrbysiglestriignitisates pLbRTakES rdipdingin e riesnesRELT V-
Minneapolis, MN) 5 D%addemaidedtyd 8y RyRD sthpid)civamdhisciet intatihe piisablipd|djligeacHiethe

complete AV bloc Tl YSIIGHhARSEIALEs HRBPIPAIIDUAA [H15n2R RLAALAR and held at

this rate througho acing protocol. owing recovery, afrial pacing was instituted at a rate of
600-900 bpm, andraikgAteivagrias! detpyiaysvidy nempiedoneirpmbabH R dha presraspell as > 5 days

of AF in the ahsenree:ohRHIL SFtRACIALE abnormalities in channel function were not seen when a
specific PKA inhibitor (PKI) was added, indicating that the observed abnormalities in

channel function were specific to RyR2 phosphorylation by PKA. When PKA-

phosphorylated channels were treated with JTV-519, in the presence of recombinant

calstabin2 (FKBP12.6), single-channel measurements were similar to those observed in the
25  presence of PKI (FIG. 11A).

EXAMPLE 9 — SYNTHESIS OF 1.4-BENZOTHIAZEPINE
INTERMEDIATE AND JTV-519

[00198] For the in vivo experiments, the inventors required a gram quantity of JTV-

519. However, initial attempts to prepare this compound via the reported 1,4-
30 benzothiazepine intermediate, 7-methoxy-2,3,4,5-tetrahydro- 1,4-benzothiazepine (compound

6 in Scheme 1, below), were unsuccessful. The thio group of this intermediate is easily



[00186]Animals were then anesthetized with pentobarbital (30 mg/kg), and their ~ hearts were
removed. Atrial tissue was dissected, immediately flash-frozen in liquid 30nitrogen, and stored at -80C.
79 b) Heart Harvest [00187]Human data presented in t§js study were derived from 5 human hearts
from patients with atrial fibrillation in the setting of end-stage heart failure following orthotopic heart
transplant under axjdiatoy aip pre\ka ifiddhempsiitdieneh Rekiehgattos tfieykleedpraidcHesbyterian
Hospital. In additigg, i aioalsts ARIBEAER SRMPARIAKRMURM SR BRIEARS ek suitable for

transplantation. At the time of trangplantation, hearts were preserved with col ié;frC) hypocalcemic,
hyperkalemic cardiBpRgisesdiaiiahi e apddntRarpsFrnigsre s s Pearicas Bhégtﬂ%?flﬁiﬁon of
RvVR2 1001881Cardipictsaambuimnes](686wg), prepared from left atrial (LA) tissue as 10previously
described (Marx, etal., PICA Phosphorylation Dissociates FKBP12.6 from the Calcium Release
Channel (Ryahodifi&l ¥ ceptoRedvetienwichReigalzneup ohPrifeunde arvsing &l Wig1PIE5a876, 2000) were

suspended in o.Sam%gthm DUfaiBEOMM-TisE hdRth) ith AR%RNGHE. ¥pTsiien] A9x, 5 mM
NaF, and protease, in |b|tors&,]eand then mg%lijbated Wlmat%glt antl-RéRZ antkjboa‘y cl)vernlg t at 4C.
Protein A sepharG#HEEAE N duand 4 meaehy %A% PioXideAbaabls K S SEMP R B ads
were sqbsequent@msfmﬂfwyimdxwm fouhiep(bilicethn] the-$tHBle, dulfindd (3) was treated with
piperazine-N,N-big gthangatfonie g o b9 fhind 4R ARG IAHIR & Bl andiben
resuspended in | .5x kinase buffer. The reaction was initiated with PICA (5 unifs), 100 AM MgATP, and
[y3211ATP (NEN®Ie Qerieks, Emanernd e saaveaetts Yclisrdeompardir hrifsorpetephperature, and

was then stoppecpiviidibrebpfeZd:Oxitaaainghhipiiespiife mPEand OHE NhPyklizSpdminiessyeie heated to

95C, and then size- fractionate % SDS-PAGE. RyR2 radioactivity was guantified using a
Molecular Dyn arrzlﬁ%n If’efggcs% %‘ltrgw%le@:ﬁatﬁ d ﬁ%’aﬁ@&ﬁg’ﬁggffﬁiﬁfﬁﬁﬁﬁs‘fﬁ %ﬁ?g??rzle St g?})tech,
Pescataway, NJ). Values were divided by the amount of immunoprecipitated RyR2 (determined by
immunoblotting and densitometry), and expressed as the inverse of the 25[73211ATP signal. d)

Calstabin2 (FICBP12.6) Rebinding with JTV-519 con
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[00200] JTV-519 was prepared by reacting compound (6) with 3-bromopropionic
25  chloride, and then reacting the resulting product with 4-benzyl piperidine. The structure of
JTV-519 was established by 'H NMR.

EXAMPLE 10 - SYNTHESIS OF RADIO-LABELED JTV-519
[00201] The inventors' novel process for synthesizing radio-labeled JTV-519 is
depicted in Scheme 2 below. To prepare radio-labeled JTV-519, JTV-519 was demethylated

30 at the phenyl ring using BBr;, to give phenol compound (21). The phenol compound (21)



[00189IRyR2 was immunoprecipitated from atrial SR (100 p.ig), and washed with Ix kinase buffer, as
described above. The immunoprecipitated RyR2 was phosphorylated with PICA (5 units) and 1001.4.M
MgATP at room temperature, and the reaction was termjinated 30 after 8 mm by washing with ice-cold
RIPA buffer. Recombinant calstabin2 (FKBPI 2.6; 200 nM) was subsequently incubated with the
phosphorylated Ryl ak%%%é%%ﬁ%ﬁq%&fé& RAPHEREEEPPARARRAS Ahife} i henzothiazepine

derivative, JTV-519 s(ie . After washing the reaction with RIPA buffer, the proteins were
size-fractionated BiE®89% SB SereA D 4parayidsu RoBhsledd Tor LR &SRS BKBP12.6).
1001901Summarized below are results obtained by the inventors in connection with 5the experiments
of Example 8: Regulation of Atrial RyR2 [001911Atrial RgR2 was PICA phosphorylated (FIG. 8A), in
accordance with the above techniques. PICA phosppmyl'éﬂb:\of atrial RyR2 reduced the amount of

calstabin2 (FKBP12.6) in the R 0 r‘complex, asmz‘ﬁﬁ@bﬁ-
10immunoprecipitation (FIG. 81:). trial RyR crQgrolecula plex comrised calstabin2
(FKBP12.6), the catalytic subunit of Pl&®;¢he PICA Msubunh(m), PP2A, PP1, and rnAKAP
(FIG. 8B), as previemhg 2eported for ventricular RyR2 Mare et al., PICA phosphorylation dissociates
FKBP12.6 from the calcium release channel (ryanodine receptor): defective regulation in failing hearts.
Cell, 101:365-76,2000). 15PICA Hyperphosphorylation of the Ryanodine Receptor in Atrial Fibrillation
[001921PICA%phosphoryIation of iy qupﬂ%@fyﬁ;m@gg&s&b%l%% in atrial tissue from

dogs with sustained atrial fibrillg ATV BES AR REEE A [RORHTPIBIE Sy Terpals n = 6 for control, Pc
0.001; FIG. 9A). Calstabin2 (FI'CB'PT?.Gmedu;g oR ?v&\gﬁa_gecre sed b¥|32% in atrial tissue from

dogs with sustaindP 28! relatiV@SEEHES A 75?8? RSP AERIS) CBL YOS G A,
[001931Similarly, trRiGAg phd pventitaticandixfc anninojase dipitatiedl Ry R invastinc peabkeedby 112% in atrial

tissue from humagg,nyggnn(d‘pBg%ngmq{)ﬁp\;j”%t%gem the.splting of hegrt failure, as compared with
controls (n =5 for AF, n = 3 for control, P = 0,002; FIG. 96). Calstabin2 (FICBP12.6) binding to RyR2

was decreased by 70% (n 5 for AF, n = 3 for 25coRg'9'l\, Pc 0.0001; FIG. 9B).

10 S

wherein R = aryl, alkenyl, alkyl, -(CH;),NR,, or -(CH3),SR',and n =0, 1, 2, or 3; and

wherein R' = alkyl or cycloalkyl. Novel compounds of this general structure were prepared

by reacting 7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine with alkylsulfony! chloride or
arylsulfonyl chloride, in the presence of a base such as Et;N. Additional reactions (e.g.,
15  addition of 4-benzyl piperidine) may follow, to extend the side chain as desired. A

representative synthesis of this general process is depicted in Scheme 3 below.

[00203] As Scheme 3 demonstrates, 2-chloroethanesulfonyl chloride (180 mg; 1.1
mM) and Et;N (140 mg; 1.1 mM) were added to 7-methoxy-2,3,4,5-tetrahydro-1,4-
benzothiazepine (1) (194 mg; 1 mM) in CH,;Cl; (20 ml), at 0°C. The mixture was stirred at

20 0°C for 2 h, and washed with H,O and saturated NaHCO; solution. Removal of the solvent
gave crude product (Ia), which was purified by chromatography on silica gel (petroleum ether
: ethyl acetate = 3:1). The yield from this synthesis was 280 mg, or 95%. The structure was
confirmed by NMR,

{00204] Scheme 3 further shows that the side chain of compound (Ia) was extended by
25  reacting compound (Ia) (28 mg; 0.1 mM) with 4-benzyl piperidine (21 mg; 0.13 mM) in



1001941For all back-phosphorylation and co-immunoprecipitation experiments, the total amount of
RyR2 loaded was confirmed by a parallel immunoblot of immunoprecipitated RyR2 with an
anti-RyR2-5029 antibody (FIGs. 9A and 9B). 81 Cardigg Ryanodine Receptor Channel Function
[00195]To determine the physiologic significance of the RyR2 PKA hyper- phosphotylation that was
observed in AF dgachyRﬂesmgleaehanwehﬁmpemmwe@e takercemdenvotagentardbyenditions,

I lipid bil I
at0 myin panar | id bila ers£#§nne rom %?F )glﬁl%ng&%d%g@ggfm QWQQH@

properties were s (f"e(fln |n 11 channe control dogs. No
channels from coHﬂdebg‘Sedéthﬁwa@ﬂ%Mbﬂ HasiRPSihereas 15 of 17 channels (88%) from AF
dogs showed significantly increased open probability (Po; AF: 0.412 0.07; control: 0.008 0.002; Pc
0.001) and gating frequency (FQ; AF: 21.9 4.6; control: 1.6 0.6 s-'; Pc oi>o (FIGs. 10A 10and 10B).

Calstabin2 (FKBP12.6) Rebmdmd“l’ﬁ\@e?ce talpz 519&»{06%% ent W|th JTV-519 (1 mM),

allowed recombinant calstabin2 (FKB to bifd to PKA phosp ed RyR 2that had been
isolated from normal canine myocardluM In the aBsence of JTV-51¢" calstabin2 (FKBP12.6) was

unable to associate 15 with PKA- phos%d RyR2 in tl@ese mts (FIG. 11B). [00197]The

physiologic significance of FKBP-12.6' ?11%2’ dricen 9 was demonstrated by
RyR2 single-channel measurements in pianar lipid bt Ifpthe presence of recombinant calstabin2
(FKBP12.6) alongcizalated channels demonstrated markedly-abnormal behavior, with increased open
probability (Po) and the presence of 20subconductance states. These abnormalities in channel function
were not seen wHe#R85pecifidfdGenatiibhoingen(drs paduseitieannaendatiog e fetfilopisgreagral
abnormalities in cagpigl. function were specific to RyR2 phosphorylation by PICA. When
PICAphosphorylated channels were treated with JTV-519, in the presence of recombinant calstabin2
(FKBP12.6), single-channel measurements were sifjlar to those observed in the 25presence of PICI

(FIG. I1A). EXAMPLE 9 - SYNTHESI&%@ENZWF%AZEMNE
-

wherein R = aryl, alkyl, -(CH;),NR';, or -(CH;),SR', and n=0, 1, 2, or 3; and whereinR' =
15 alkyl or cycloalkyl. Novel compounds of this general structure were prepared by a one-pot
reaction of 7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine (1) with sulfuryl chloride, in
the presence of a base (Et;N), followed by a primary or secondary amine. A representative

synthesis of this general process is depicted in Scheme 4 below.

[00206] As Scheme 4 demonstrates, sulfuryl chloride (15.0 mg; 0.111 mM) and Et;N
20 (28.0 mg; 0.22 mM) were added to 7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine (1)
(19.4 mg; 0.1 mM) in CH,Cl, (20 ml), at 0°C. After stirring the mixture for 2 h at 0°C, 1-
piperonylpiperazine (27 mg; 0.12 mM) was added. The mixture was stirred for another 2 h,
and then washed with H,O and a saturated NaHCOj solution. The excess amine was
removed by addition of a base scavenger (3-(2-succinic anhydride)propylfunctionalized silica

25  gel, 0.2 g). The yield from this synthesis was 36 mg, or 77%.

[o]

NEN N'%NMN/\Q:())

O\(:(j *C’oc' 2)1-Dipermyl O\CC) hd o
"

Scheme 4



INTERMEDIATE AND JTV-519 100198]For the in vivo experiments, the inventors required a gram
guantity of JTV- 519. However, initial attempts to prepare this compound via the reported 1,4-
30benzothiazepine intermediate, 7-methoxy-2,3,4,5-tetrggydro-1,4-benzothiazepine (compound 6 in
Scheme 1, below), were unsuccessful. The thio group of this intermediate is easily 82 oxidized by air
to a disulfide compeozof) whichThnsineenthes sigoifredusedfcopgimmdshiaihgtheShlvwogsgbheral 0 overcome
this problem, the inyentors developed a novel process that starts with the readily-available and
inexpensive 2-nitro-5-methoxybenzoic acid (1). This process is depicted in Scheme | below.
5[00199]Reduction of the nitro group of compound (1),assing 1-12 with Pd/C as a catalyst, gave
2-amino-5-methoxybenzoic acid (2) in qi&Rtitative yidld. Compound (2) was diazotized with NaNO2,
and then treated with Na2S2 to provide the stable disylfide compound (3) with 80% yield. Without
further purification, the stable disulfide (3) was freaf&d with 50CI2, and then reacted with
2-chloroethylamine, in the presence of Et3N, to g@/e an amide 10 (4) in 90% yield. Compound (4) was

converted to cyclizggkeamPoLae (DYIXR QSORHIERYL KR mzmilc@ﬂgwmﬂiﬂm»dm%pbm@nd
Et3N in THF. The cyclized amide (5) was then reduced with LiA1114 to yie o
 methory.2. 34 5y B N E A TRRTE R (B S LSS L BETTSS 0801 ML was
prepared by reactiftpcampoofidie 69 welth43bbrertiveppio déci ehivkiclesa)ad dtren wehdiydg gee resulting
product with 4-bengyl,piReridingreIhie Gl GRS oF s 2 R eld NiIghsd vl SRR 5 below.

[00208] As Scheme 5 shows, compound (Ib) (21 mg; 0.05 mM) in MeOH (5 ml) was

added to H;0; (0.1 ml, excess). The mixture was stirred for 2 days, and the product III was

10 purified by chromatography on silica gel (CH,Cl;:MeOH = 10:1). The yield from this

synthesis was 19 mg, or 91%.
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Scheme 5
(00209] Finally, the inventors produced compounds having the following general
15 structure;

Q\
MeO N,C-X-R
L

wherein R = aryl, alkyl, -(CH;)o,NR", -(CH;),.SR',andn=0, 1, 2, or 3, and R' = alkyl,

cycloalkyl; and wherein X =NH or O. Novel compounds of this general structure were

prepared by reacting 7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine (1) with triphosgene,
20 in the presence of a base (Et;N), followed by addition of a primary or secondary amine or an

alcohol. A representative synthesis of this general process is depicted in Scheme 6 below.



EXAMPLE 10 - SYNTHESIS OF RADIO-LABELED JTV-519 [00201]The inventors novel process for
synthesizing radio-labeled JTV-519is  depicted in Scheme 2 below. To prepare radio-labeled
JTV-519, JTV-519 was demethylated 30 at the phenyl rigg using B13r3, to give phenol compound (21).
The phenol compound (21) 83 was re-methylated with a radio-labeled methylating agent (3H-dimethyl
sulfate) in the presence of a base (NaH) to provide 311-labeled JTV-519 (Scheme 2). Scheme 2 BBr3
1---7.----"...-.. , VHt;cto N3O"COL r N3t Is I\ ...."...Nat," JVT-51921 3H-(CHP)2502 5EXAMPLE 11
-NOVEL 1,4- BENZOTHIAZEPINE DERIVATIVES AND METHODS‘@ FOR THEIR SYNTHESIS
[00202]The inventors also d oveld 4-bBAZathiae @N@or use in treating and
preventing cardiac arrhytlunias. @ F?CU%I’ ?he”ﬂ,ﬁé}htors P ed | comp nds having the following
general structure: MeON si O

Scheme 6

EXAMPLE 12 —~ ASSAY FOR HIGH-THROUGHPUT SCREENING

5 [00210] The inventors have developed assays for screening biologically-active small

molecules. These assays are based on rebinding of FKBP12 protein to RyR.

[00211] A highly-efficient assay for high-throughput screening for small molecules
may be developed by immobilization of FKBP12.6 (GST-fusion protein) onto a 96-well plate
coated with glutathione. PKA-phosphorylated ryanodine receptor type 2 (RyR2) is loaded
10 onto the FKBP12.6-coated plate, and incubated with JTV-519 analogues at various
concentrations (10-100 nM) for 30 min. Thereafter, the plate is washed to remove the
unbound RyR2, and then incubated with anti-RyR2 antibody for 30 min. The plate is again
washed to remove unbound anti-RyR2 antibody, and then treated with florescent-labeled
secondary antibody. The plate is read by an automatic fluorescent plate reader for binding

15 activity.

[00212] In an alternative assay, RyR2 is PKA-phosphorylated in the presence of >*P-
ATP. Radioactive PKA-phosphorylated RyR2 is loaded onto an FKBP12.6-coated, 96-well
plate, in the presence of JTV-519 analogues at various concentrations (10-100 nM) for 30
min. The plate is washed to remove the unbound radiolabeled RyR2, and then read by an

20  automatic plate reader.

EXAMPLE 13 - NOVEL 1 4-BENZOTHIAZEPINE DERIVATIVES ALLOW
REBINDING QF FKBP12.6 TO RYR2

(00213] Cardiac sarcoplasmic reticulum (SR) was phosphorylated with PKA for 30

min, at room temperature, resulting in complete dissociation of FKBP12.6 from the RyR2

25  complex. The SR (50 mg) was then incubated for 30 min, at room temperature, with 250 nM
FKBP12.6 and the test compounds. Samples were centrifuged at 100,000 g for 10 min, and
the pellets were washed 3 times with 10 mM imidazole buffer. After washing, proteins were
separated by 15% PAGE. Immunoblots were developed using an anti-FKBP antibody. The
results of this study are set forth in FIG. 12.



10 wherein R = aryl, alkenyl, alkyl, -(CH2),NR12, or -(CH2)r,S121, and n =0, 1, 2, or 3; and wherein R’
= alkyl or cycloallcyl. Novel compounds of this general structure were prepared by reacting

7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine with ggkylsulfonyl chloride or arylsulfonyl chloride, in
the presence of a base such as Et3N. Additional reactions (e.g., 15addition of 4-benzyl piperidine) may

follow, to extend thesigfehain 2peaipdRA FERIGREIMAY NS BOSS Of iGIANSINGIRCAIEES

depicted in Scheme 3 below. [00203]As Scheme 3 demgnsirates, 2-chloroethanesulfopyl chloride (180
mg; 1.1 mM) and FEENA140 ridfPdies WA RIEPENSE FAG FRP oSS SriensaiialgapRl2ge- and
benzothiazepine (§pxd@tched FKBING.1 CHECRGERE roliral), @@ Fhe tyixEKBRNAS Stimid @eg0iGC for 2 h,

and washed with {30 crpaidaled dlaitePi solliaRelanakRie soherkanre elaproduct

(la), which was puritied by chromatography on silica gel (petroleum ether : ethyl acetate ---- 3:1). The
yield from thisSsyntf#é drampasirated b gnipepiptting i sidiac festifas confirmed by NMR. [00204]Scheme 3

further shows that de chain of compqund (1a) was extende 29rgacting compound (1a) (28 mg;
0.1 rnM) with 4-be[r§§?/1§[liperid?rj%8n? or%%gl%c g rrsﬁ(ﬂ% in’ %12%8%§M%g?§1g%ggg§ﬁ%{;m to
completion (by TLO\ctnativoesd Amivionidis detinenine 33§ (trisunadangetrpaeqmuanongeéihicnM or

anhydride)propylfynptioslizedrailita 0et QrFRBEDNMRREA RIS mRpes Mt shrdaypinegf froduct

Ib) was >98%. 9 10 Scheme 3 [00205]Additionally, the jnventors produced ¢ ounds having the
1£0II)0Win g gen eoral arate of 1.0 pl per h[our, Por]7 éjays prior tg exercise tcst}ng (flzet Burect (90., %upergno, g

10  CA). Mice were anaesthetized using an intraperitoneal injection of ketamine (50 pg/kg) and
xylazine (10 pg/kg), and radio EKG transmitters were implanted. ECG radio telemetry
recordings of ambulatory animals were obtained 1 week following intraperitoneal
implantation (Data Sciences International, St. Paul, MN). Standard criteria were used to

measure ECG parameters.

15 [00216] For stress tests, mice were exercised on an inclined treadmill, in a stepwise
fashion, until exhaustion, and then intraperitoneally injected with epinephrine (0.2 mg/kg) for
maximal sympathetic stimulation. Resting heart rates of ambulatory animals were then
averaged over 4 h. Recovery after exercise testing, and monitoring of post-exercise events,
were performed overnight. Sinus-cycle length (SCL), and PR, QRS, and QT intervals, were

20  measured, and the rate-corrected QT interval (QTc) was calculated using the Mitchell
formula. Plasma drug levels were confirmed by HPLC. Results are summarized in FIG. 13.
EXAMPLE 15 — JTV-519 IMPROVES CARDIAC CONTRACTILITY IN A RAT MODEL

OF HEART FAILURE
{00217] Rats were subjected to myocardial infarction (MI) by ligation of the left

25  coronary artery. Treatment with JTV-519 (n=x) or vehicle (n = x), using implantable
osmotic pumps (Alzet, Durect Corporation, Cupertino, CA), was initiated directly following
ML Myocardial systolic (Ds) and diastolic (Dd) diameters were determined at mid-papillary
levels, using echocardiography 24 h and 6 weeks following MI; fractional shortening was
then calculated. As shown in FIG. 14, treatment with JTV-519 significantly improved

30 cardiac function in rats with heart failure.



structure: wherein R = aryl, alkyl, -(CH2)nNR12, or -(CH2)nSR', and n =0, 1, 2, or 3; and wherein R’
= 15 alkyl or cycloalkyl. Novel compounds of this general structure were prepared by a one-pot reaction
of 7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine (1)§§/ith sulfuryl chloride, in the presence of a
base (Et3N), followed by a primary or secondary amine. A representative synthesis of this general

process is depictedpgheme rieloy dRO3ARIASELFME R AmeRBLiRiP RS KPHIERAS 0 Mo
0.111 mM) and Et3N 20(28.0 m% 0.22 mM) were added

7-methoxy-2,3,4,5- AR ARS ¥ HEHTARE A RRE a@afiil@tié%mti iRy e R &9 23878 %t oc.
After stirring the muauﬂedlomﬂehtMt@&ohs phasgeniyl fipre radi det((P Camigy; @l witundepadoiefiofine
mixture was stlrredtﬁ%_gggt @ v%nﬁ"%ﬁg\éﬁﬂgp%ﬁ%‘ 34 g and a saturated NaHCO3 solution. The
excess amine was remove 5|t|on of a base cavengernz -(2-succinic
anhydrlde)progylfunctlonallzed silica 25gel, 0.2 g). The yield from this synthesis was 36 mg, or 77%.
85 [00207]The inventors also produced compounds having the following general structure: MeO 6'
wherein R" = CO(CH2)0XR"12, S02(CH2)XR".2, or SO2NH(CH2)XR™2, and X =N or 5, and 5n 1, 2, or
3. Novel compounds of this general structure were prepared by oxidation ofJTV- 519, or one of the
novel 1,4-benzothiazepine derivatives described above, with hydrogen peroxide. A representative
synthesis of this general process is depicted in Scheme 5 below. [00208]As Scheme 5 shows,
compound (Ib) (21 mg; 0.05 mM) in MeOH (5 ml) was added to H202 (0.1 ml, excess). The mixture
was stirred for 2 days, and the product Ill was



10purified by chromatography on silica gel (CH2C12:MeOH = 10:1). The yield from this synthesis was 19
mg, or 91%. 9 H202MOO 00 Ibslll Scheme 5 [00209]Finally, the inventors produced compounds having
the following general 15structure: wherein R = aryl, atkyl, -(CH2)nNR2, -(CH2)SR, and n =0, 1, 2, or 3,
and R' = alkyl, cycloalkyl; and wherein X =NH or 0. Novel compounds of this general structure were
prepared by \egstirOclamribexy-2,3,4,5-tetrahydro-1,4-benzothiazepine (1) with triphosgene, 20 in the
presence of a base (Et3N), followed by addition of a primary or secondary amine or an alcohol. A
representative synthesis of this general process is depicted in Scheme 6 below. 86 Scheme 6

1. A compound selected from the group consisting of
A\
S—R
MeO N/ \\
o)
S (a)

wherein R = aryl, alkenyl, alkyl, -(CHN(R"),, or -(CH),.SR; n=0,1,2,0r 3;and R' =
alkyl or cycloalkyl,

MeO N \\

wherein R = aryl, alkenyl, alkyl, -(CHIN(R’)2, or -(CH),SR'; n =0, 1, 2, or 3; and
R' = alkyl or cycloalkyl;

R

MeO N/

S

/

(O)m (C)
wherein R = CO(CHN(R"),, SG(CH2)nN(R")2, SOGNH(CH,)N(R"),, CO(CH).SR’,
SO,(CH)nSR', or SGNH(CH),SR'; n =1, 2, or 3; R' = alkyl or cycloalkyl; and= 1 or
2



EXAMPLE 12- ASSAY FOR HIGH-THROUGHPUT SCREENING 51002101The inventors have
developed assays for screening biologically-active small molecules. These assays are based on rebinding
of FKBP12 protein to RyR. [002111A highly-efficientassay for high-throughput screening for small
molecules may be developed by immobilization of FICBP12.6 (GST-fusion protein) onto a 96-well plate
coated with glutathione. PICA-phosphorylated ryanodine reggptor type 2 (RyR2) is loaded 10onto the
FICBP 12.6-coated plate, and incubated with JTV-519 analogigs at various concentrations (10-100 nM)
for 30 mm. Thereafter, the plate is washed to remove the unbodnd )Ry, and then incubated with
anti-RyR2 antibody for 30 min. M#fe j O remove unbound anti-RyR2 antibody, and
then treated with florescent-labeled segpndary amtibody. Thg plate is read by an automatic fluorescent
plate reader for binding 15activity. 100 121In an|alternative assay, RyR2 is PICA-phosphorylated in the
presence of 32P- ATP. Radioactive PIGA-phgsphorylated RYR2 is loaded onto an FKBP12.6-coated,
96-well plate, in the presence of JTV-519 arédlogue lous concentr Hz S (10-100 nM) for 30 min.
The plate is washed to remove the unbound radiolabeled RyR2, and then'read by an 20automatic plate

reader. EXAMIFIEIN R RENEakyl,BENES RN ZSPIHS RERVATIVEDABLBW RKBINDING OF
FKBP12.6 T%, &WX 19981)@1%41&%3arcoplasmlc reticulum (SR) was phosphorylated with PICA for 30
min, at room temperature, resulting in complete dissociation of FKBP12.6 from the RyR2 25 complex. The
SR (50 mg) was then incubated for 30 min, at room temperatuke, with 250 nM FKBP12.6 and the test
compounds. Samples were centrifuged at 100,000 g for 10 m and the pellets were washed 3 times with
10 mM imidazole buffer. After washing, proteins were separa y 15% PAGE. Immunoblots were
iI8"study am,set forth in FIG. 12. 87 EXAMPLE

in (FICBP12 64), FKBP12 6 proteln 5was

[002151Continuous subcutaneous drug infusion ofJAV-519 ? plasma target

(O)m (9)
wherein R=H, OR’, SR, N(R}) alkyl, or halide, at position 6, 7, 8, or 9 oe th

benzothiazepine ring; R' = H, alkyl, aryl, or adgs= H, alkyl, alkenyl, or aryl; R= H
alkyl, alkenyl, or aryl; R= halide, carboxylic acid, or an alkyl containing ®or I; and
m=0, 1, or 2;

S
MeO N/”\/

I
Re@lhoves,



concentration of 1,0 fiM) or the derivative, S36 (at plasma target concentrations of 1.0 fiM or 0.02 ftM),
into FICBP12.6" or FICBP12.6" mice occurred throu%léa mini-osmotic pump, at a rate of 1.0 p1 per hour,
for 7 days prior to exercise testing (Alzet Durect Co.,”Cupertino, 10CA). Mice were anaesthetized using
an intraperitoneal injection of ketamine (50 fig/kg) and xylazine (10 Hi/kg), and radio EKG transmitters
were implanted. ECG radio telemetry recordingg of ambulatory animals were obtained 1 week following
intraperitoneal implantation (Data Sciences Intdinational, St. Paul, MN). Standard criteria were used to
measure ECG paramejgig, 1510021615ar StresSNests,™ ice'\Were exercigethan an inclined treadmill, in a
stepwise fashion, until exhausgion, &yd then Kitggperitonea ‘ ephrine (0.2 mg/kg) for
maximal sympathetic stimulati 5ting hedrt rates of amy ere then averaged over 4 h.
Recovery after exercise testinghagé monitaring of post-exercise events, were performed overnight.
Sinus-cycle length (SCL), and PR, QR§and QT intervals, were 20measured, and the rate-corrected QT
interval (QTc) was calculated using theo</|itchel| formula. Plasma drug levels We(m}:;onfirmed by HPLC.
Results are summarized in FIG. 13. EXAMPLE 15 - ,ITV-5 19IMPROVES CARDIAC CONTRACTILITY IN
A RAT MODEL OF HEART FAILURE [00217]Rats were subjected to myocardial infarction (Ml) by
ligation of the left 25coronary artery. Treatment with JTV- = X) or vehicle (n = x), using implantable
osmotic pumps (Alzet, Durect Corporation, Caperting Ritiated directly following MI. Myocardial
systolic (Ds) and diastolic (Dd) diameters weré.detefmi
echocardiography 24 h and, 6 weeks following’M|; fractional shortening
FIG. 14, treatment with JTV-5497sighi 'carﬁ/}m&oved 30cardiac fun

[00218]While the foregoing invg as beep described in some deta
understanding, it will be appreciatedby.one skilled in the art, from a reading of the disclosure, that various
changes in form and detail can be made without departing from the true scope(gfl'?he invention in the
appended claims.

(S6);

© (S20);



89 What is claimed is: 1.A compound selected from the group consisting of: R 0 MeO\\ (a) wherein R =
aryl, alkenyl, alkyl, -(CH2)11N(R)2, or -(CH2)11SR'; n= 0, 1, 2, or 3; and R' = alkyl or cycloalkyl; (b)
wherein R = aryl, alkenyl, alkyl, -(CH2)11N(R")2, or -(CH2)11SR'; n =0, 1, 2, or 3; and R' = alkyl or
cycloalkyl; MeO (c) wherein R = CO(CH2)11N(R)2, S02(CH2)11N(R")2, SO2NH(CH2)11N(R)2,
CO(CH2)11SR', 802(CH2)11SR', or SO2NH(CH2)118R"; ny5 1, 2, or 3; R' = alkyl or cycloalkyl; and m = 1

or2; O\C-X-R N (d)
/O\C(\)N o)

S (S36);
and an oxidized derivative thereof.
2. The compound of claim 1 specifically as a coommbof formula:
0

(O)m
or an oxidized derivative thereof, wherein
R1 = OR', SR', N(R) alkyl, or halide, at position 6, 7, 8 or 9 on the
benzothiazepine ring;
R' = alkyl, aryl, or acyl;
R, = H, alkyl, alkenyl, or aryl;
Rs = H, alkyl, alkenyl, or aryl;
R4 = halide, carboxylic acid, or an alkyl containing ®or I;
m=0, 1, or 2.

3. The compound of claim 2, wherein ROR' at position 7 on the

benzothiazepine ring, mis 0 or 1, and R’ is alkyl.
4. The compound of one of claims 2 or 3, whereirrRi and B = H.

5. The compound of one of claims 2, 3 or 4, wheRair carboxylic acid, or

an alkyl containing I, and R’ is methyl.

6. The compound of claim 1 specifically as



wherein R = aryl, alkyl, -(CH2)11N(R)2, -(CH2)11SR"; n =0, 1, 2, or 3; R' = alkyl or cycloalkyl; and X = NH
or 0; 0 (0),(g) wherein R1=H, OR', SR’, N(R")2, alkyé or halide, at position 6, 7, 8, or 9 on the
benzothiazepine ring; R' = H, alkyl, aryl, or acyl; R2 —q-L alkyl, alkenyl, or aryl; R3 = H, alkyl, alkenyl, or
aryl; R4 = halide, carboxylic acid, or an alkyl containing O, Sor I; and m=0, 1, or 2; MeO (la); 0 92

(S36); and an oxidized derivative thereof. 2.The compound of claim 1 specifically as a compound of
formula: 0

I
S
MeO N/”\/

)O

S (1a);

I
Re@leves,

S (1);

0
S
MeO NI N
) )
s
i

@) (1;

S (S1);



(0), or an oxidized derivative thereof, wherein R1 = OR', SR, N(R")2, alkyl, or halide, at position 6, 7, 8 or
9 on the benzothiazepine ring; R' = alkyl, aryl, or acyl; R2 = H, alkyl, alkenyl, or aryl; R3 = H, alkyl,
alkenyl, or aryl; R4 = halide, carboxylic acid, or an a §'/I containing 0, Sorl;m=0, 1, or 2. 3. The
compound of claim 2, wherein R1= OR' at position 7 on the benzothiazepine ring, mis 0 or 1, and R' is
alkyl. 4. The compound of one of claims 2 or 3, wherein R2 = nchR3 = H. 5. The compound of
one of claims 2, 3 or 4, wherein 124 = carboxylicacid, or an alkyl ing [, and R" is methyl. 6. The

compound of claim 1 specifically as 94 (S6);

S (S6);
Ci\\/'
SJ (S7);
o}
%
,,S)
o (S20); or
A ©H
/O\C(\JNW
S (S36)
or an oxidized derivative thereof.
7. The compound of claim 1 specifically as S3@moxidized derivative
thereof.
8. A pharmaceutical composition comprising a coumgbof any one of

claims 1 to 7, and a pharmaceutically acceptabigecaadditive or diluent.

9. The pharmaceutical composition of claim 8, wHiarther includes one or
more of an antioxidant, colorant, flavor improviagent, preservative, sweetener, binder
or lubricant; wherein the carrier comprises carlm&thyl cellulose, crystalline cellulose,

glycerin, gum arabic, lactose, magnesium steanagthyl cellulose, saline, sodium



or an oxidized derivative thereof. 7. The compound of claim 1 specifically as S36 or an oxidized
derivative thereof. 8. A pharmaceutical composi\';j%cgw comprising a compound of any one of claims 1 to
7, and a pharmaceutically acceptable carrier, additive~or diluent. 9. The pharmaceutical composition
of claim 8, which further includes one or more of an antioxidant, colorant, flavor improving agent,

preservativeapjireatengiclysdestardnbrigenti WasseiipiRariRiceRmitii/mussbromsimg fetiwose,

crystalline cellulose, glycerin, gum arabic, lactose, magnesium stearate, methyl cellulose, saline, sodium
95 alginate, QI8 d¥eA SAPEH Rl ARM AN I P 80SIRIkal composition being in the form of a
capsule, tablet, powder, granule, or suspension. 10. A method for making a pharmaceutical
composition for limitidg or prevethtiogfer deakaag e ipHaeraveLdtR ydMbasifar FKBRER06 in a subject

having a cardiac condition, which camprises associating.a co .accordin any one of claims 1 to
o1 3 complla A QLR e e T S PR BB S A G e
thereof, withcatrdestowdial dibvgpsisies sk boiatiting &y coumpponedsaotydbaartip pidauuisclaromdtits, /huffers,
binders, colorants, disintegrants, diluents., emulsifiers, excipi n , or-improving,agents,
gellants, gicono: RO e e rn T AR T R, SRS 2 R AIRPRE
sweeteners, deniciyvagerteofc vitlb gtdadstiscestydtvessithiayarite grodd cAnsistimgddbr making a
pha””.ac.e““gﬁh8%838%?‘8Po‘?%rgi{8$“6‘§ﬁ%rr$r%}’r? e“rrég 80?5%12%%%%%% J '&‘nﬁ‘gsr%{@eé%m igh comprises
associating a compound’according to any ohe of claims 110"/, or & compound selected Trom the group
consisting oe32iSRS, SAéndacs SBAY @ritnanoyxid) Zek d tlissb, @ lidewes], pribeay ddvetspskindditive
selected from t isting. o [axidant ' S, binder rants, disintegrants,
diluents, emrEEc,i |é%ﬁéﬁc%&@%@%%té@d%@%%%érg-tl??iﬁownéggggﬁ%%gi%mgﬁ&%é%n S, ng(égr tives,
skin-penetratigaréahagitielss salubVizeasittabiizasinguagentding agents, sweeteners, tonicity agents,
vehicles, and viscosity-increasing agents. 12. The method according to either claim 10 or claim 11,
wherein the cardiac condition is cardiac arrhythmia, tachycardia, atrial arrhythmia, atrial tachyarrhythmia,
atrial fibrillation, sudthined Atnnaitfibolkationakiog-sushairred caitc fibeitlatjpos itlge ttdetitzy arrhythmia,
ventricular fipgillatior: niri rdia, ined veniri { rdi - i ventricular
tachycardia,B:Fagthé:@%hgr% r{:é%,? E[:JO yﬁnégfr% ili:ﬂ v%%?rl@u ar tﬁﬁéfrﬁjﬁ% ?(%%%ﬁ%l%@g:tg %ﬁh@ 8@? den cardiac
death or exeacisexiliny tedsydienafaldiatsdkéonl, 96 4 8arhpasmstasechiroonding gooanyaoindisiing 10 to 12,
wherein the is C %%rxz; isting. ], S, ST, .and S36,
and an oxidi§g§g£ﬁ§g§\’/e§ %%ré%ﬁ : r:%ﬁ%gé&%@gggg{%ﬁo c zél!rjr]; ﬁﬁwﬁjr%%qt@égﬁggﬁd is S36,
or an oxidizesthsiiativemHbegf oup. Theisttd df ivdidgats prafics driffey I diode2 swerlasanthe

compound is;[&REFFAES BYIBREIURIHISH{OCxcipienisenders, flavor-improving agents,

gellants, glidants, preservatives, skin-penetragioimancers, solubilizers, stabilizers,

suspending agents, sweeteners, tonicity agentgleghand viscosity-increasing agents.

12. The method according to either claim 10 ointlal, wherein the cardiac
condition is cardiac arrhythmia, tachycardia, atrahythmia, atrial tachyarrhythmia,
atrial fibrillation, sustained atrial fibrillatiomon-sustained atrial fibrillation, ventricular
arrhythmia, ventricular fibrillation, ventriculaa¢hycardia, sustained ventricular
tachycardia, non-sustained ventricular tachycawditecholaminergic polymorphic
ventricular tachycardia (CPVT), heart failure, seddardiac death or exercise-induced
sudden cardiac death.



or an oxidized derivative thereof, wherein R1 = OR', SR, N(R")2, alkyl, or halide, at position 6, 7, 8 or 9 on
the benzothiazepine ring; R' = alkyl, aryl, or acyl; R2 = H, alkyl, alkenyl, or aryl; R3 = H, alkyl, alkenyl, or
aryl; R4 = halide, carboxylic acid, or an alkyl containﬁ‘?g 0,Sorl;m=0, 1, or 2. 16.A compound of any
one of claims 1 to 7, or a compound selected from the group consisting of S24, S25, S26, S27, and an

oxidized derivative igreofTies HRaHBIREHRIANGIRVENIREG AdlaKaTsRilERR Yee Idmyitime und

FKBP12.6 in a subject having a cardiac condition. 97 17. A compound of any one of claims 1 to 7, or
a compound SRS RS e P CAISER g A @l §%5,8§2§,6ar§? 597202 A BRI e rivative
thereof, for ypgdi depdegirtixientipeevention of a cardiac condition in a subject. 18. Use of a
compound of any one of claims 1 to 7, or a compound selected from the group consisting of 524, 525,
526, 527, and an oxidized derivative thereof, in the manufacture of a medicament for limiting or
preventing a decre;ige in tk?ﬁ ?e%(?YBP Qfﬁﬁ%oﬁ'ﬁd{e %ﬁ%ﬁl . ’iwqéeéﬁﬁjﬂé@?ﬁg\%éqg ga%?éjcr ondition or for
the treatmendxidizex eetivatofeatbard@ic condition in a subject. 19. The compound or use according to
any of claims 16 to 18, wherein the cardiac condition is selected from the group consisting of cardiac

arrhythmia, tachycaydia, at i i acat w I i ral
fibrillation, non-sus%?hed iﬁél%%l atloér%cég%g@rg ggﬁgt I‘%;Il}gs \%gwtrlcu at%imﬂfi%%ﬁ\%ﬁdﬁr
tachycardia, '€psesaetedentribalattitbiy@ardia, non-sustained ventricular tachycardia, catecholaminergic
polymorphic ventricular tachycardia (CPVT), heart failure, sudden cardiac death and exercise-induced
sudden cardiac death. 20. The compound or use according ¢o any of claims 16 to 19, wherein the
subject is a human and the compound is selected from the group| consisting of Ia, II, 1ll, Si, S4, S6, S7,
520, and 536, and an oxidized derivative thereof. 21. The cgmpound or use according to claim 20,
wherein the compound is S36 or an oxidize ivati . The compound or use according

to any of claims 16 to 19, wherein the s uman any the com4pound is represented by the
structure: 98 0 () Ry——

Ry

(O)m
or an oxidized derivative thereof, wherein
R1 = OR', SR', N(R) alkyl, or halide, at position 6, 7, 8 or 9 on the
benzothiazepine ring;
R' = alkyl, aryl, or acyl;
R, = H, alkyl, alkenyl, or aryl;
Rs = H, alkyl, alkenyl, or aryl;
R4 = halide, carboxylic acid, or an alkyl containing ®or I;
m=0, 1, or 2.

16. A compound of any one of claims 1 to 7, or mpound selected from the
group consisting of S24, S25, S26, S27, and anzedderivative thereof, for use in
limiting or preventing a decrease in the level gRR-bound FKBP12.6 in a subject

having a cardiac condition.



or an oxidized derivative thereof, wherein R, = OR’, SR, N(R")2, alkyl, or halide, at position 6, 7, 8 or 9 on
the benzothiazepine ring; R' = alkyl, aryl, or acyl; R2 = H, alkyl, alkenyl, or aryl; R3 = H, alkyl, alkenyl, or
aryl; = halide, carboxylic acid, or an alkyl containing %78 orl;m=0, 1, or 2. 23.A method for the synthesis
of a compound having formula: wherein R = aryl, alkenyl, alkyl, -(CH2)11N(R)2, or -(CH2)11SR'; n = 0,

1,2, or 3; m=0, 1 or2; an@ Bomplkivharofsigeding, srenpnsingtthe, seafoelina)Jersited #epmpeund of
the formula: ; and optionally (bﬁ oxidizing the compound formed in step (a) to form a compound of the

formula: -S-ROURLPFSIPY PhedeREn ot eRiRN 9D Wh S BKINRE L SARPYANERRIES in' At B has the

formula: the treatment or prevention of a cardiac conditioa subject.

18. Use of a compound of any one of claims 1 tar 4 compound selected
from the group consisting of S24, S25, S26, S2d,aanoxidized derivative thereof, in
the manufacture of a medicament for limiting orver&ing a decrease in the level of
RyR2-bound FKBP12.6 in a subject having a cardaaion or for the treatment or

prevention of a cardiac condition in a subject.

19. The compound or use according to any of clditn® 18, wherein the
cardiac condition is selected from the group cdimgjsof cardiac arrhythmia,
tachycardia, atrial arrhythmia, atrial tachyarrimgth, atrial fibrillation, sustained atrial
fibrillation, non-sustained atrial fibrillation, wéricular arrhythmia, ventricular
fibrillation, ventricular tachycardia, sustainechtécular tachycardia, non-sustained
ventricular tachycardia, catecholaminergic polynmicventricular tachycardia (CPVT),

heart failure, sudden cardiac death and exerchecid sudden cardiac death.

20. The compound or use according to any of cldith® 19, wherein the
subject is a human and the compound is selectedtiie group consisting of Ia, II, I,
S1, S4, S6, S7, S20, and S36, and an oxidizedadevthereof.

21. The compound or use according to claim 20 rethéhe compound is
S36 or an oxidized derivative thereof.

22. The compound or use according to any of clditn® 19, wherein the

subject is a human and the compound is represéstdte structure:



further comprising step (a-1), between step (a) and step (b), which comprises treating the compound
formed in step (a) with a primary or secondary amin§ to form a compound of the formula: MeO O N
wherein R = -(CH2)11N(R)2; n = 2; and R’ is define §s in claim 26. 25.A method for the synthesis of a
compound of the formula: 100 wherein R = aryl, alkyl, -(CH2)11N(R)2, or -(CH2)11SR"; n=0, 1, 2, or 3,
R' = alkyl or cycloalkyl; and X = NH or 0, comprising the step of gyeating a compound of the formula: Me0O
a.NH Si with a carbonyl chloride compound, in the presence of g|base, and with a primary or secondary
amine or an alcohol, to form a compound of the formula:

\ N R4

R,

(O)m
or an oxidized derivative thereof, wherein
R1 = OR', SR', N(R) alkyl, or halide, at position 6, 7, 8 or 9 on the
benzothiazepine ring;
R' = alkyl, aryl, or acyl;
R, = H, alkyl, alkenyl, or aryl;
Rs = H, alkyl, alkenyl, or aryl;
R4 = halide, carboxylic acid, or an alkyl containing ®or I;
m=20, 1, or 2.

23. A method for the synthesis of a compound lafanmula:

O

S
/
MeO N \\O

J

(0) 1,

wherein R = aryl, alkenyl, alkyl, -(CBIN(R"),, or -(CH),SR; n=0,1,2,0r 3; m=0, 1
or 2; and R’ = alkyl or cycloalkyl, comprising tlséeps of:

(a) treating a compound of the formula:



99

MeO NH

S
with a sulfonyl chloride compound and a base, tsmifa compound of the formula:

0)

W

S—R
MeO -
em\(\)
S

(b) oxidizing the compound formed in step (a) tovia compound of the formula:

; and optionally

0]
W\ -R
M30\©(\)N “O
S
I =1 or2
(Ol)m m or

24.  The method of claim 23, wherein the compoumohéal in step (a) has the

formula:

further comprising step (a-1), between step (d)stap (b), which comprises
treating the compound formed in step (a) with anary or secondary amine, to form a
compound of the formula:
7\

Me0\©<\)|\| 0

S
wherein R = -(CH).N(R'); n = 2; and R’ is defined as in claim 26.

25. A method for the synthesis of a compound ofdneula:



100

N\

C—X—R
MeO -

S
wherein R = aryl, alkyl, -(CBH.N(R"), or -(CH),SR'; n =0, 1, 2, or 3; R' = alkyl or
cycloalkyl; and X = NH or O, comprising the steptiating a compound of the
formula:

MeO NH

J

S
with a carbonyl chloride compound, in the presesfce base, and with a primary or

secondary amine or an alcohol, to form a compodundesformula:

o)
[AY
L=-X-R

MeOm/N}





