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risk stratification is usetful in determining the composition of a therapeutic agent, taking a therapeutic action, determining the optimal
therapeutic efficacy of a drug for the treatment of long QT syndrome, determining a response to beta blocker therapy for patients
with genetic long QT syndrome, and the like.
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STRATIFICATION, THERAPIES, TARGETED TREATMENT AND
PREVENTION OF LIFE-THREATENING VENTRICULAR TACHYA

This application claims priovity to Umted States Patent Application Serial No, 617483626 filed May 6,

2011 entided TMETHOD AND SYSTEM FOR BISK STRATIFICATION, THEBAPHES, TARGETED

TREATMENT AND PREVENTION OF LIFE-THREATENING VENTRICULAR TACHYARRHYTHMIAR

AND SUDDEN CARDIAC DEATH POR PATIENTS WITH CONGENITAL TYPE-] LONG @ SYNDROME
10 (LOTH by Bar Sheshet, Goldenberg, Lopes, Moss, and Ouchi

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
This invention was made with United States government support under HL-33843 and HL-531618
15 awarded by National Fastibgtes of Health, The government of the lnited States has certain vights in the

fnvendion.
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TECHNICAL FIELD

This tnvention relates generally o systems and methods Tor risk stratification, therapies,
targeted treatments and prevention of cardiac disorders, and more specifically to Systems And
Methods For Risk Syatification, Therapies, Targeted Tremtment And Prevention of Life-
Threatoning Ventricular Tachyarthythmiay And Sudden Cardiae Death FPor Patients With

Congenital Type-1 Long QT Svadrome (LQTH).
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BACKGROUND ART

Congenital long-QT syadromes (LOQTSY are inherited arrhythmogenice disorders that
inerease the risk for ventricular tachyarrhytmias and sudden cardiae death in voung individuals
without structural heart disease. LQTS type-1 (LQT) s the most common genetic form of
these disorders. Patients with LQT! have increased nsk for bfe-threatening veatricular
tachvarrhythniias  and  sudden cardiae  death  during  svimpathetic  activation,  associated
predominantly with excreize aclivity or swimming, Accordingly, current guidelines recommend
non~-specific treatment with beta-blocker therapy in LOQTS patients. Despite this, however, there
are still a considerable number of LOT! patients who experience life-threatoning ventricnlar
{achyarrhythmias during beta-blocker therapy. Furthermore, despite multiple attempts for visk
stratification studies in long Q7 syndrome, currently there 1s himited ability to identify LOQTS
patients who will not respond to beta-blocker therapy.

The Applicants have recently discovered that mutations in the  cytoplasmic
interconnecting loops (C-loops) of the potassiom channel result 1o severe impairment of
sympathetic regulstion of heart cells. The Applicants have determined  from both expression
studies and {ranslational chnieal studies the following important findings: 1) patients with
missense mutations located 1 the C-loops exhibit the highest risk for lite threatening cardiac
events (ncluding aborted cardiac arrest and sudden cardiac death), independently of climeal
2y beta-blocker therapy s associated with a pronounced

and clectrocardiograplue variables;
reduction i the risk of lifesthreatening cardiac eventy among carriers of missense Ciloop
mutations, whereas the benefit of this mode of medical therapy is significantly attenuated in
LQTT patients with other mutations; 3) mutations in the C-loops specifically increase the nisk of
arrhvthmias during exercise activity: 4) C-loop mutations can be used to distinguish between

LOQTE women with a high or low risk of sudden death. These findings, as well as other
disclosed herein, have mportant implications for improved risk stratification, identification of
response to therapies, and novel management strategies for the prevention ol sudden cardiac
death n LOQTT patients and possibly also patients of a more general population,

it s thus an object of the present inveniion o provide a method for risk stratification for
sudden cardiac death in LQTI patients based on mutation function. It 1s annther object of the
present invention to provide inproved therapies by identifving responders and non-responders
o befa-blocker therapy, I i3 another object of the present invention to provide targeted

therapies for long-QT syndrome that are muntation spocific. It is vet another object of the present
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tvention to provide improved guidance for LQTI patients with regards to physweal activity and
competitive sports. i another object of the present invention fo provide improved risk
assessment and risk management for women with long-QT syndrome. It is another object of the
present invention to provide identification and management of at risk individuals in the general
population who are at increased risk of arrhyihic events. It is vet another object of the present
invention o provide a method for formulating & composition of a therapeutic agent for
treatment of gengtic long QT syndrome. It is another objegt of the present invention 0 provide
a system for wdentifving and reducing the risk of hfe-threatening ventricular tachyarrhythmiag
and sudden cardiac death in patients with congenttal type-1 long QT syadrome (LOQTH. It is
another object of the present invention fo provide a method of targeted risk stratification and
{reatment for use in defining a therapentic action to be taken. It is another object of the present
mvention to provide a method of quanufving optimal therapeutie efficacy of a drug for
treatnient of congenital long QT syndrome. | is another object of the present mvention to
provide a method of meaguring @ response to heta hlocker therapy in patients with long QT
syndrome. These and other objects of the present invention are not to be considered
comprchensive or exhaustive, but rather, exemplary of objects that may be ascertained after

reading this specification and claims with the accompanying drawings.
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DISCLOSURE OF THE INVENTION

In accordance with the present invention, there is provided  Systems And Methods for

identifving and reducing the risk of life-threatening ventricular tachyarchythmias and sudden

5 cardiac death for patients with congenital type-1 long QT Syndrome (LQT1) comprising an

instrument for genetie testing of LT syndrome and a treatment construct using dats from
genetic testing for therapy of LQTT svadroma,

The Toregoing paragraph has been provided by way of introduction, and 15 not tended

to Hmit the scope of the invention as described in this specification. claims and the attached

1 drawings.

i
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described by reference to the following drawings, in which like

numerals refer to hike elements, and 11 which:

Figure 115 a disgram depicting frequency and location of mulations i the KONQU Potassium

Channel {rom a study of 860 subjects:

Figure 2 18 a graph of Kaplan-Meier estimates of cumulative probability of a life threatening

cardiac event by mutation focation and type;

Figure 3 is a bar graph depicting risk of life threatening candiac events by mutation focation and

beta blocker freatment;

Figure 4 depicts regulation of LOQT mutant channels by PKA;

Figare § is a diagram depicting risk stratification for ACA or SCD in LOTS patients:

Figure 6 is a diagram depicting risk stratillication for ACA or SCD i LQTT patienis according

to the present vention;

Figure 7 1s a diagram depicting methods of targeted treatment of the present invention;
Figure § 18 a diagram depicting data sources used for trestment constructs of the presenmt

invention;

Figaure 9 is a diagram depicting a method of determining LOQT1 patient responders and non-

responders to bela blocker therapy:

Figoare 10 s a diagram depicting a method of determimung LOTT patients at increased ar lower

risk of exercise triggered events; and

Figure 11 is a diagram depicting a method of determining fomale LOQT1 patients atl increased

risk of sudden cardiae death.
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The present invention will be described in conpection with a preferred embodiment,
however, 1t will be understood that there 15 no intent o limit the vention to the embodiment
deseribed. On the contravy, the inteat ix to cover all alternatives, modifications, and equivalenty
as may be included within the spirit and scope of the invention as defined by this specification,

claims and the attached drawings.

b
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BEST MODE FOR CARRYING QUT THE INVENTION

Congenttal long QT syndrome 1s characterized by way of an electrocardiograph (ECG)
where there 1s a profonged (T interval manifested by ventricular wrhythnuas that may result in
life-threatening cardiac events and sudden cardiac death. Current treatment for congenital long
QT syndvome weludes beta-blockers, implantable  cardioverter-defibrillators (TCDs), and
surgical left corvicothoracie svmpathetic denervation (LOSD). While beta-blocker therapy is
considered a lirst line of therapy, and some pracfitioners administer beta-blockers to all long
QT syndrome patients. there is a subset of individoals with long QT syndrome genotypes where
heta-blocker therapy is not effective and they remain symptomatic.  There remains a need for
additional long Q7 syndrome therapies that may require a more targeted approach to treatment,

Genetie diagnostic testing for long QT syndrome has began o provide identification of
congemtal fong QT syndrome, and may be used to identify individoals with congemial long QF
syndrome that are not diagnosed with traditional methods. Through exiensive research with
LQTI genotyped individuals with varying genctic mutations, a Systems And Methods For Risk
Stratification. Therapies, Targeted Treatment And Provention of Life-Threatening Ventrieular
Tachyarthythmias And Sudden Cardiae Death For Patients With Congential Type-1 Long QF
Svuadrome (LQT1) has been developed.  Long QT syndrome type-1 can be identified by
mudations i the KONQT gene encoding.  Identification of mutations in the oytoplasnie loops
of the KONQ1 channel have been identified and used for the methods and systerns deseribed
herain,

Long QT syndrome type-1 (LOT1) ix the most common type of hereditary long QF
syidrome, making up shout 30 10 35 percent of genotvped patients (Goldenberg 1, Moss Al
Long QF svadrome, Jowd of the dmerican Colege off Cardivlogy., 2008:31:2291-2300).
LOTI arvises from a decregse i repolarizing potassium current due 1o mutations in the KON/
gene encoding the o subunit of the slowly activating potassium channel Iy, Exercise is the main
trigger for cardiac arrhythmic events i patients with LQTT (Schwartz PJ, Priont SG, Spazzoling
. Moss A, Vincent GM, Napolitano C, Denjoy L Guicheney P, Breithardt ¢, Keating MT,
Towhin JA, Beggs AH, Brink P, Wilde AA, Totvonen L, Zareha W, Robinson JL, Timothy
KW, Corficld V, Wattanasirichaigoon I3, Corbett €, Haverkamp W, Scholze-Bahy B, Lehmann
MH, Schwartz K, Coumel P, Bloise R. Genotype-phenotype correlation in the long-QT
syidrome: Gene-specific triggers for life-threatening archythmias, Cirendation. 2001:103:89-

953 Activation of Bl-adrenceric receptors (B1-AR} iy the major signaling pathway contributing
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to merease i heart rate and cardise output during exercise. B1I-AR activation leads to
activation of protein kinase A (PKA)Y, which directly phosphorylates the KUNQT subumit,
mereasing Iy function (Walsh KB, Kass RS, Regulation of 8 heart potassium channel by
protein kinase A and (L Sciesce. 1988242:67-68. Also, Marg 50, Kuwrokawa J, Retken S,
Meototke H, D'Armiente J, Marks AR, Kass RS, Requirenent of & macromolecular signaling
complex for beta adrenergic receptor modulation of the KUNQI-KONE!L potassium chanael
Sefence. 2M2;295:496-490
The merease in Iy 18 thought to suppress the premature beats and afterdepolarization
induced by inoreased Ca™ currents during f-adrenergic stimulation {Shimizy W, Antzeleviteh
€. Ditferentinl effects of beta-adrenergic aponists and antagonists in LQTE LOT2 and LOT3
models of the long QF syndrome. Jowrnal of the American College of Cardiology.
2000:35:778-786). Accordingly, B-blockers are the treatment of choice for cardine events in
LOTT patienis. Data from several prior long QT syndrome {(LOQTS) stadies{Goldenberg 1,
Bradley 1, Moss A, MeNiit &, Polonsky S, Robinson JL, Andrews M, Zareba W, Beta-blocker
efficacy in high-risk paticnts with the congenital long~-QT syndrome types 1 and 2.
fmplications for patient management, J Cardiovase Elecirophysiol. 2010:21:893-901.  Alse,
Goldenberg I, Moss Al Long QV syndrome. J dm Coll Cardiol. 2008:51:2291-2300)
demonstrate that despite the significant reduction i the risk of cardiac events and sudden
death with B-blocker therapy among LOQT1 patients, there s stilt a residual event raie among
high-risk paticnts who are being treated with thus mode of medical therapy, suggesting that §-
blockers may be less effective 1 certain subgroups of LQTT patieats.
The primary transiated protein (isofonm 1) of KCUNG copsists of 676 amino acid
restdues with an intracellular Netenminus region, & membrane-spanning segments with two
conpecting cevtoplasmic loops {(C-loops) and an intracelinlar C-termyinus region (Jespersen T,

Grunnet M, Olesen SP. The KUNQ! potassium channels From gene to physiological function

Physiotogy {Bethesda), 2005;20:408-416).  Prior genotype-phenotype studies bave provided

tportant information regarding the effect of location and coding type of the chamnel mutations
on the phenotypic manifestations and clintcal course of LOTI patients. These studies have
shown that missense mutations and mutations located 8t the transmembrane region (incloding
the C-loops) were associated with greater risk for cardiac events (Moss Al Shimizu W, Wilde
AA, Towbin JA, Zarcha W, Robmson JL, Q1 M, Vincent GM, Ackerman ML Kaufiman ES,
Hofman N, Seth R, Kamakura S, Mivamote Y, Goldenberg I, Andrews ML, MeNitt 8. Clinical

&

aspeets of type-1 long-OQT syndrome by location, coding type, and biophysicsl funetion of
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nudations  nvolving  the kengl pene. Circudation. 2007:115:2481-2489). However, the
mechanisn related to the mereased risk associated with transmembrane mutations has not heen
studied. C-loops in the transmembrane region were suggested to aflect adrenergic channel
regulation by PRA (Matavel A, Medet B, Lopes OM. PKA and PKC partially vescue lmg QY
type | phenotype by restoring channel-PIP2 imteractions. Chanmels ¢dusting, 2010:4:3-11), We
therefore hypothesized that LQTT patients with C-loop missense mutations would exhibit «
differential clinical risk and response 0 B-blocker therapy compared with carrigrs of other
mutations in the KCNQY channel. Accordingly, we conducted a new study that wag carried out
i a large cohort of subjects having a spectrum of KONQT mutations from the International
LQTS Registry, and was designed tor 1) investipate the clinteal outcomes among KONQI
mutation carriers by further dividing the transmombrane region into mombrane spanning and -
loop domains; 2) determine a possible differential response to B-blocker therapy depending on
mutation focation and finction refated to PKA regulation; and 3)  selate the clinical data to

tunctienal studies of changes in kg funciion and f-AR regulation in mammahan cells,

Methods

Study Population.

The study comprised 860 patients with penetically confirmed KON mutations derived from
170 proband-identified farailies. The proband in cach family had QTe prolongation not due to a
known secondary cause. The subjects were drawn from the Rochester {(n = 637), the
Netherlands {(no= 94y, the Japanese (n = R2), the Danmish (n == 43), and the Swedish {(n=d)
portions of the Multicenter Mutation Registry. All subjects or thelr guardians provided
wiormed consent for the genetic and climical stodies. Patients with congenital dealvess or

pationts with multiple LQTS associated mutations were excluded fromy the study.

Phenotype characterization

Routine chineal and electrocardiographic parameters were gequired at the time of envoliment in
cach of the registries, Follow-up was censored at age 41 vears to minimize the influence of
coronary disease on cardiac events. Measured parameters on the frst recorded ECG included
7T and R-R intervals in milliseconds, with QT corrected for heart rate by Bazett's formulda.

Clinical data were collected on prospectively designed forms with information on demographie
characteristics, personal and family medical history, electrocardiographic findings, therapy, and

end points during long-term follow-ap.
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Genotype characterization

The KONQU mutations were dentilied with the use ol standard genetic tests performed in
acadenyic molecular-genetic laboratories. Genetic alterations of the amino acid sequence were
characterized by location and by the specific type of mutation {missense, splice site, in-frame

insertions/deletions, nonsense, stop codon, and frameshift).

We evaluated the risk azsociated with 4 main prespecified subgroups:y 1) C- or Neterminus-
missense; 2) membrane spanning-missenses 33 CHloops-missense: and 4) non-missense {L.e.
splice sites, in-frame insertions, in-frame deletions, stop codons, and frameshift). The
membwane spanning region of the KONQIl-enceded channel was defined az the coding
sequence nvolving amino acid residues between 120-170 (S81-82), 196-241 (83-84), and 263-
355 (55-56), with the C-loops region betweon residues 171-193 (82-83) and 242-262 (84-55),
5 depicted in Figore 1. The N-terminus region was defined before residue 120 and the C-
terminus region after residue 335, Figure 1 is a diagram depicting frequency and focation of
mutations i the KONQT Potassium Channel from a study of 860 subjects, In Figwre 1, the @
subunit involves the N-terminus (N). 6 mombeane-spanning segments, 2 intracytoplasmic loops
{52-83 and $4-55) and the CHerminus portion () The stze of the circles in Figure 1 reflect the

nunther of subjects with mutabions at the respective locations.

Celhular Expression Studies

Inn order to study the mechanism underlying the risk tor cardiac events in patients with misscrse
C-loop mutations as compared with other missense routation focated tn ditferent domains of the
channel, we measured channel function and regulation for channels formed with two mutan
subunits present in C-loops (V254M and R243C) and two mutant subunits present in the
membrane spanning domain (GI68R and S223L) The mutations chosen included the most
common mutations i cach domain in the LOTT registry, Wild type-and mutant KONQI
subumits, {ogether with KONET subunits cDNA were transfected into HEK293T ecells. Mutant
KONQT eDNA was trangfected 1 combination with WT-KCNQI to mimic the heterozygous
nature of the disease (WT-KUNQmutant KUNQUKCNEI=0.5:0.3:1), We measured ion
channel currents, in the presence and absence of Forskelin, a protein kmase A activator, Details
of the molecular biclogy and electrophysiological methods are described further later in this

specification.
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End point

The primary end poirg of the study was the occwrrence of a first life-threatening cardiac event,
comprising aborted cardiac awrest (ACA) requiting extemad defibrillation as part of the
resuscitation) or LOQTS-related sudden cardiae death (8CD) abrupt in onset without evident
cauge, 1 witnessed, or death that was not explained by any other cause i it ccawred 10 a non-
witnessed setting). The consistency of the results among patients who received an implantable
cardioverter defibrillator (1CD)Y durimg follow-up way evaluated in a sccondary analysis that
included the cccurrence of a first appropriate ICD shock in the composite ATA or SCD end

point,

Statistical analy«s

Characteristics of the 4 subgroup of patients categorized by mutation location and type were
compared with the ong way ANOVA test or Chu sguare and Fisher exagt tosts, as apprapriate,
The probability of a first hife-threatening cardiac cvent by the mutation-location and type
subgroups was graphically displaved according to the method of Kaplan and Meter, with
comparison of cumulative probability of events by the log-rank test. The Cox proportional-
hazards survivorship model was used to evaluate the independent contnibution of clinical and
genetic factors to the first occurrence of a hfe-threatening cardiac event from birth throngh age
40 vears. The Cox regression models, stratified by decade of birth year and allowwng for time-
dependent covartates, were fitted to extimate the adjusted hazard ratio function of age (Hobbs
IB. Peterson DR, Moss AJ, MeNitt S, Zareba W, Goldenberg 1, Qi M, Robinson JL., Sauer Al,
Ackerman MJ, Benhorin L Kaufman ES, Locatt EH, Napolitano €, Priort 8G, Towbm JA,
Vincent GOM, Zhang L. Risk of asborted cardise arrest or sudden cardiac death during
adolescence in the long-QT syadrome. Jowngl of the American Medical Association.
2006:296:1249-1234). Therefore, to fulfill the assumption of propeortional hazards for sex over
the entire age range, a tme-dependent covariate for sex {via an interaction with time) was
incorporated, allowing for different hazard ratios by sex before and after age 13 years. Patients
who did not have an ECG for QTe measurement {n=127) were dentified in the Cox models as
e nussing”, and all Cox models were adjpsted for this QTc missing parameter. The
influence of time-dependent B-blocker therapy {the age at which [blocker therapy was

initiaied) on outcome in the subgroups of patients with and without C-loop-missense mutations

was determined by adding “tme-dependent B-blocker 7-byv-"mutation category™ interaction
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term o the multivanate Cox model. Since almost all subjects were first- and secondadegres
relatives of probands, we adjusted for the effect of potential lack of independence between
subjects using the robust sandwich estimator for family membership. We have carried out the
following additional secondary analvses: 1) Including the biophysieal function of the mutations
(categorized as dominant-negative, haploinsufficiency, and unknown) (Maoss A, Shimizu W,
Wilde AA, Towbin JA, Zareba W, Robinson H.. Qi M. Vincent GM, Ackerman M, Kaufman
ES, Hofinan N, Seth R, Kamakura S, Mivamoto Y, Goldenberg 1. Androws ML, MeNit S.
Clincal agpeets of type-1 long-QT syndrome by {ocation, coding type, and biophysical function
of mutations mvolving the kengl gene. Ciradation, 2007:115:2481-2489) as a covariate in the
maxdel, 2} excluding the large subgroup of patients with V234M mutations. and 3) including
appropriate ICD shocks in the composite end point. The statistical software used for the
analyses was SAS version 9.20 (SAS Institute Ine, Cary, NCY A 2-sided 0.05 significance level
was used for hypothesis testing. Additional statistical methods regarding molecalar bislogy and

exprossion studies are provided herein.

Results

Study population

The spectrum of mutations gs categorized by locstion and type and their respective number of
carrters are presented im Table 1s below. The location and frequency of nussense mutations is
presented diagrammatically in Figure 1. Of the total 100 different KONQT mutations identified,
79 were missense mutations and 21 pon-oissense mutations. Missense mutations were further
categorized according to their location: there were 29 different mutations in C-terminus or N-
terminus regions (27 in Colerminus), 34 mutations in membrane spanning regions, and 16

antations in the C-loop regions (8 in 84-55 loop and 8 in 8283 loop).

Material and Methods
Moelecular Biology

Human KON and KCNE] in pCDNAJ L+ vector were gifts from Dr. Robert S, Kass
{Columbia University, New Yerk, NY). POR based site dircet mutagenesis was performed
using PFU ultra DNA polvemerase (Stratagene, La Jolla CA) Construet sequences were
cortfirmed by DNA sequencing (Cornell University, thaca, NY and University of Rochester,

Rochester, NYL
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Electrophysinlogy

KONQIRCNED DPINA was expressed either at a ratio of 11 or 0.5:1 in order to numic the

haploinsufficient phenotype in HEK293T cells. Bach muotant KON was expressed in

Of 1o mimie  heterogygous  muation  (WT-KONQ T mutant

et

combination with  WT-KC
KCNQIKONE0.5:0.5:1). bach mulant current was compared to the current observed from
haploinsufficient control channel (0.5 ng WI-KRCNQ/: Ing KONED from the same passage
cells. Cells were also co-transfected with 0.2 og pEGEP-NT (Clonfech, La Jolla, CA) for
positive identification of transfected cells by fluorescence, All the wansfection was done by
asing Fogene HD trasafection kit (Roche, Mannheim, Germany). Cells were re-plated on small
glass cover shide (VWR. West Chester, PA} conted with 0.02 % gelatin 24 hours affer
transfection by using Accutase (Innovative Cell technologies. Inc.. San Diego, CA) and use for
experiment 48 hours after transfection.

Currents were activated by 25 depolarizing pulse to +20 mV every 10sec from a -80mV
holding potential.  These were followed by a step to -20mV. One-way ANOVA followed by
Dunnett's Post Hoc test was applied for the assessment of statistical signilicance, All

experiments were performed at room temperature.
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Tahble 1s, Distribution of Mutation Locatiou and Tvee in LOTI patients
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The clinival characteristios of patients in the 4 mutation location/type subgroups are presented

in Table | below. OF the 860 study subjects, 20 percent had O/N terminal-missense mutations,

e

44 percent had membrane spanming-missense mutations, 13 percent had C-loop-mmssense
nintations, and 22 percent had ponenussense mutations, Patients with  C-loop-niissense
mutations exhibied the longest QT¢ wnterval at enrollment, were treated with beta-blockers
more frequently during follow-np, and had a significantly higher frequency of cardiac events of

any type, including, syncope, ACA, and LQTS death, as compared with the other mutation

10 subgroops.

Table 1. Demographic and clinieal characteristies

- Non-
Missense .
RHISSENSe
; CiN-Term membrane C-loops i
Parameter
1 spanning value

Patients {n, %) 173 (2013 | 376 ¢43.7) | 125(14.5) | 186(21.6) )
Female (n. %) 94 (54.3) | 221(58.8) | TO(36.0) | 119840 0.28

QT at enwollment, msee 467463 48051 503458 470241 <0001
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Qe at enrollment > 500 msec 397154 94312 (30.1) 47/102 41165 248) | 0001

JURRLY {23.3) ' {46.1}

Therapy during follow-up

| B-blocker s {u, Y6} 64 {37.0h 167 (44.4) 63 (30.4) 74 (39.8) {109
Pacemaker (n, %) 2412 719y 1 (0.8} 4 2.2 0.73
Defibrillator (n, %o} &6 {53.5} 25 (0.6} 1 (8.0} 13 (7.0} {136
Sympatheciomy (n, %) {0 (L) 1{0.8) 1{0.5) -

Cardiae event during follow-up

‘ Syneope (n, Yo) 523001 122 (32.4) 6% (53.2) 46 24.7) <0.001
Aborted cardias arvest (n, ¥} S{3.5) HWIETY 3 {64y 3{1.6) 11
Sudden cardiac death {n, %6} IR (10.4) W7 4192 13(7.0) 0.001
Any cardiac event {n, %) 63 (36.4) 144 (38.3) &4 (67.2} 35{29.6) <0301

(g

*127 paticots did not have an ECG for QTo measuroment,

Clinical outcome of patients according to mutation location and type

Figure 2 is a graph of Kaplan-Meier estimates of cumulative probability of g hife threatening

cardiac event by mutation locetion and tvpe in 4 subgronps. There was a significantly higher

event rate in the C-loop-missense subgroup as compared with the other 3 subgroups (p log rank

< Q.001). Thus, at age 40 vears the rate of e threatening cardiac events was 33 percent in

patients with C-loop-missense mutations ag compared with < 16 percent in patients with other

ntations, gs tnstrated in Figure 2. In Figwee 2, ACA= aborted cardiac arvest. LQTS= long QF

syndrome.  The mumbers in parentheses in Figore 2 refleet the cumulative event rate at that

point in e,

The findings from the multivariate analysis for the end point of a first hife threatening

cardiac event are shown in Table 2 below. Notably, the adjasted hazard ratio for C-loop-

Missense Vi, ponwnnssense mutation was 275 {(P=0.009), and there was pno stabistically

significant difference in the risk among the other mutation location/type subgroups.
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Table 2. Multivariate analysis: Risk factors for aborted cardiac arvest or sudden cardiac

death
Hazard ratio 95% €1 I’ Value
Genderfage
Males age < 13 yrs 1.93 1.08-3.45 0.03
Females age 13 10 49 vry 0.89 (.52-1.50 0.63
Qo> 300 msee {vs, QTos500) 3.55 1.83-6.89 <{(,001
Mutation type and location
Cytoplasmatic loops (missense) : o
) 2.78 1.29-5388 0009
VH, non-missense
CAN Termmus {nussense) )
. 1.47 (.64-339 0.37
V&, NON-MISEenSe
Merobrane spanniog {missense) ) - o
i 0.83 0.41-1.78 0.67
VI, DOM-IHSSCNSe

Secondary confinmatory analyses showed that patients with C-loop-missense mutations
had an adjusted hazard ratio of 2.74 (935 percent confidence interval 1,68 to 4.46 [P<0.001]) for
life threatening events as compared with patients with other mutations, The results were
consistent when the biophysical function of the mutations was added as a covariaie to the
multivariate model or after excluding the large subgroup of patients with V2534M mutations.
The results were also consistent after inclusion of appropriate 1CD shocks i the composite end
point {adjusted hazard ratios for Crloop-missense mutations vs. non~missense mutations of 2.64
[95 percent confidence imterval 1.64 10 4.23; P<0.001]).

B-blocker therapy

Multivariate analvsiz showed a significant differental effect of B<blocker therapy on the
outcome of patients with Celoop-miissense miations as compared with those who bad other
mutations, as sununarized in Table 3 below. B-blocker therapy was associated with a significant
88% reduction (P=0.02) in the nsk of hiv threatening events among patients with C-loop-

niissense mupations, whereas the benefit of B-blocker therapy wa significantly attenmaued
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among patieats with other mutations in the KCNQT channel (adjosted hazard ratio of 0.82
[P=0.68]; P~value for treatment-by-mutation~-location/iype teraction = 0.04). Figure 3 ig a bar
graph depicting risk of life threatening cardiac events by nutation location andd beta blocker
treatment. Consistent with those findings, the rate of Aborted Cardiac Avrest or Sudden Cardiae
Death, as depicted in Figure 3, was lowest among patients with C-loop-missense mutations who
were treated with Betasblockers and highest among patients with CHloop-missense mutations
who were not treated with beta-blockers (0.17 vs, 111 por 100 paticnt-years, respectively),
whereas patients with other mutations in the KCONQ1T channel exhibited mtermediate and
simifar rates of Hiv-threatening events with- and without beta-blocker therapy (0.36 and (.38
per 100 pationt-years, respectively.  BEvent rates per 100 person-years were calonlated by
dividing the number of events during the period of B-blocker therapy or the absence of -
blocker therapy by person-years, and sultiplying the results by 100, ACA= aborted cardiac

death, LQTS= {ong QT syndrome.

Table 3. Mudtivariate analysis: response te B-blocker therapy

B-blocker vs. nu B-blecker therapy - Hazard ratio 95% (Y P
| Vatue
Al LOTI patients .49 {0.19-1.23 .13
LOTH patients with C-loop-missense A
.v 0.12 0.02-0.73 0.02
muations™
LQTT patients with other mutations ] ]
.82 0.31-2.13 .68

{non-{C-loop-missense] mutations™

The models are adjusted for sex X age, corrected QT category (including mussing Q1)

mutation type and location category, and fime~dependent B-blocker treatment.

* p for interaction for mutation location-by-p blocker treatment =0.04



163

)
o

3
Ly

T
ol

WO 2012/154452 PCT/US2012/036004

L
Cellular Expression Studies
In order to understand the mechamism underlying the increase in risk associated with C-loop

mutations we measured channel basal function and regulation in four mutant channels
associated with LOQTY, two i the membrane spanning domains (GI68R and S225L) and two
focated in C-loops (V234M and R243C). The mutations chosen included the most common
mutation o cach domain o the LOTT registry (See Table 1s). Figure 4 depicts regulation of
LOQTT mutant channels by FRA. Channel current was strongly decrcased for all four mutations
studied when compared fo wild type subunits (Figure 44 and B).  In addition, because
activation by PKA is thought o be particudardy important for Ige function and o underlie
arrhythmogenesis in LOTT (Marx 8O, Kurckaws I, Retken 8, Motoike H, D'Armiento J, Marks
AR, Kass RS Reguirement of a macromolecular signaling complex for heta adrenergic receptor
modulation of the KONQI-KONED potasstum channel. Science. 2002:295:496-499.  Also,
Terrenoire {, Claney CE, Cormier JW, Sampson KJ, Kass RS, Aslonomic control of cardiac
action pofentials: Role of potasstun chamel kinetics in response to sympathetic stinndation,
Cire Res, 2005:96:25-34. Alse, Potet F, Scott J12, Mohammad-Panah R, Escande D, Baro L
AKAP proteins anchor cAMP-dependent protein kinase to KvLOQTHISK channel complex. Am
J FPhystol Heart Cire Physiod. 20012800 H2038-2045), we measured the effect of the PKA
activator Forskelin (Figure 4 AL € and D), Both C-loop mutations showed dramatically
impaired response to Forskolin, whereas the mudations located in the membrane spamung

demain showed a strong activation by Forskolin, as did the wild type KONQT channel,

In Figure 4, (GI68R and S225L are missense mutations located in the membrane
spanning region: R243C and V254M are missense mutations located 1o the eyvtoplasmic loops
region, A Typical on channel current measured before and after 10 min application of the
PEA activator Forskolin (18 pM) for lefty wild-type {WT) and rightt WT and mutant subunits
co~expresssed at a 111 ratio. Corrents were activated by 2sec depolarizing steps to +20 mV from
a -80mV holding potential. These were followed by g step to -20mV, B: Averdgge current
measured for cells expressing WT and mutant subunits measured at +40 mV afler 2sec
depolarization. € Typical thme course of carrent regulation measured at +20 mV after 2sec
depolarization for channels formed by either WT or mutant co-expressed with W subunits, as

~

mdicated. Current was normalized w0 current in the absence of Forskolin application. B

Summary data for experiments done as in €. KONED was co-expressed with the KONQI

subrunits at a molar ratio 11



163

)
o

brd
T4y

WO 2012/154452 PCT/US2012/036004

The present analyvsis among 860 LQTT patients with a wide range of mutations in the
KON chanpel provides several imporiant implications regarding risk  assessment and
management in this populationr (1) patients with missense mutations located in the C-loops
extibit the highest risk for life threatening cardiac events, independently of clindeal and
electrocardiographic variables; (2)  Beta-blocker therapy is associated with a pronounced
reduction in the risk of ACA or SCD among carriers of missense mutations i the C-loop,
whereas the benefit of this mode of medical therapy is significantly attenuated in LQTT pationts
with other mutations: (3) expression studies of C-loop mutations suggest that an impaired
regnlation by PKA in combination with basal decrease in chaonel function is the mechanism
underiying the tnereased risk for cardine events, and may explain the pronounced response to
medical therapy with Beta-blockers among  patients with C-loop matation carriers.

We have recenily shown that patients with mulations locsied in the transmembrane
region of the chanpel bave a significanty higher rate of cardine events than those with
nrotations located In the C-ferminus (Moss AL Shimizu W, Wikie AA, Towbin JA, Zaveba W,
Robinson I, Q1 M. Vincent GM, Ackerman ME, Kaufiman ES, Hofiman N, Seth R, Kamakura
8. Mivamoto Y, Goldenberg I, Androws ML, MeNitt 8, Clinival aspects of type-1 long-QT
syndrome by focation, coding type, and blophysical function of mutations involving the kengl
gene. Crenfation, 20071 15:2481-2489). In addition, mutations in the transmembrane domain
were suggesied to be associated with greater prolongation in the Qe dunng exercise (Shimir
W, Horte M, Ohne 8§, Takenaka K, Yamaguchs M, Shimize M, Washizuka T, Alzawa Y.
Nakamura k. Ohe T, Aiba T, Mivamoto Y, Yoshimasa Y, Towbin JA, Priont SG, Kamakwea S.
Mutation site-specific differences in anhythmic risk and seasitivity ©o sympathetie stimulation
in the LOTT form of congenital long QT syndrome: Multicenter study m Japan. J dm Coll
Cardiol, 2004;44:117-125). However, the mechanisms relwted to those effects have not been
studied. Ouwr study extends these observations and shows that mutations m part of the
transmembrane domain, the C-loops, are associated with a fonger QTc on the ECG, and with a
significant 2,7-Told mercased risk of Hile threatening events as compared with other mutaiions in
the X ‘\QI channel {including the membrane-spanning {non-C-loop! mutations).

The 82-83 and $4-85 C-loops have heen previously suggested to have an important
functional role in modilying the function of voltage gated potassivm channels (Isacoft EY. Jan
YN, Jan LY, Putative receptor for the ovtoplasmic inactivation gate in the shaker Ko+ channel,
Nature, 1991:353:86-90).  In particular for Ik, the S4-55 oop has been snggested to mediate a

functional interaction with the anxiliary KCNE! subunits (Franqueza L, Lin M, Shen
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Splawski I, Keating MT, Sanguinettt MC. Long QT syadrome-assogiated mutations 1n the 84-
S5 hinker of KvLQTT potassium chanpels modify gating and interaction with mink subumis. J
Biol Chem, 1999:274:21063-21070).  Most recently, LQTT mutations in C-loops, when
exprassed in the absence of wild-type subunits, were suggested to affect adrenergic channed
regulation (Matavel A, Medet E, Lopes OM, PKA and PKC partially rescoe long QT type |
phenotype by restoring channel-PIP2 interactions, Chammels fAusiin. 2010:4:3-11) Our results
showed that oven when expressed i the presence of wild-type subunits, C-loop mutations can
draroatically atfect channel regulation. It is conceivable that a decrease in channel regudation,
as observed for the C-loop muatations, will lead o an increase in the burden of the mutation
during adrenergic stimulns. The increase in cardiac risk associated with C-loop mutations is
independent of traditional clinical variables; this can be explained by a blunted PR A-mediated
activation because QT¢ is generally measured at rest. Thus. our results suggest that exercise
may exacerbate the Qe prafongation for C-loop domain nutants.

Cuorrent guidelinegs recommend empinic therapy with B-blockers w all LQTS pattents
{Fipes DP, Camm AJ, Borggrefe M, Buxton AE, Chattman B, Fromer M, Gregoratos G, Klein
(3, Moss Al Myerburg RY, Priort SG, Quinones MA, Roden DM, Silka M, Tracy €, Smith SC,
I, Jacoby AKL Adams CD, Antman EM, Aanderson JL, Hont SA, Halperin JL., Nishimura R,

Orpato JP, Page RL, Riegel B, Blane H, Buday A, Dean V, Deckers JW, Despres €. Dickstein

b

K, Lekakis & MeGregor K, Metra M, Morais I, Osterspey A, Tamarge JL, Zamorano L.
ACC/AHAESC 2006 gumdelines for management of patients with ventricular arrhythmias and
the prevention of sudden cardiae death: A veport of the american college of cardiology/american
heart association task force and the envopean society of cardiology commutive for practice
guidelines (writing committee to develop guidelines for management of patients  with
veptricalar  arthythmias and the prevention of sudden cardiac death): Developed in
collaboration with the cwopean heart dhythin association and the heart rhythm society.
Circalation. 2006:114:¢383-484), The present study shows for the first time, a mutation-
specific response 1o beta-blocker therapy n type-1 long QT syndrome, demonsirating that beta-
blockers were associated with a significant greater reduction in the risk of life-threatening
cardiae ovents among patients with mutations located 1 the C-loaps as compared with all other
mutations. It is conceivable that during Badrepergic stimulation patients with mutations located
in the Cloops have an unopposed increase in inward Ca®' currents and prolongation of
repolarization due to blunted PKA-medinted activation of Tice” B-blockers may deerease these

e

unopposed imward Cy currenty, shorten repolarization and reduce the risk for ventricular
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arrhythmdas (Huflaker R, Lamp ST, Weiss IN, Kogan B. Intracellular calcium oyveling, emly
allerdepolarizations, and reentry n simulated long QT syndrome. Hearr Ripthm, 20041441~

448}, whereas patients with other mutations do not exhibit such an effect,

Study limitations
The International LOQTY Registry records therapies that are prescribed at the diseretion of the
freating phyvsicians to onrolied subjects, and therefore B-blocker administration was not
randomized. We have therefore carried out multivariate analyses that used bela ~blocker therapy
as a time~dependent covariate, and have further evaluated the benadit of medical therapy with
heta-blockers within higher- and lower- risk subsets of LQTY patienis. Our results from the
time-dependent adjusted models suggest that the benefit of medical therapy is attenuated anmang
fower-risk patients with non-C-loop-missense nimtations; however, these lower-risk patients
showtd still be treated with beta-blocker therapy according to guidelines (Fipes DP, Camm AL
Borgerefe M, Baxton Ak, Chatman B, Fromer M, Gregoratos G, Klein G, Moss Al, Myerburg
R, Priort SO, Quinones MA, Roden DM, Silka MI, Tracy €, smith 8C, Jr.. Jacobs AK, Adams
CD, Antman EM, Anderson IL, Hunt SA, Halperin JL. Nishimura R, Orpato 1P, Page RL,
Riegel B, Blane 11 Budg A, Dean V., Deckers IW, Despres €, Dickstein K, Lekakis L
MeGregor K. Metra M, Morais I, Osterspey A, Tamargo JL., Zamorane L., ACC/AHAESC
2006 gadelines for management of patients with veniricular arrhythmias and the prevention of
sudden cardiac death: A report of the american college of cardiclogyfamerican heart association
task force and the europesn society of cardivlogy committee for practice guidehoes {writing
commitice o develop guidelines for management of patients with venirieular arrhythimias and
the prevention of sudden cardiac death)y: Developed in collaboration with the european heant
thvthim association and the heart rhythm society, Circpdarion, 20061 14:2385-484), since the
cumudative probability of ACA or SCD from birth throogh age 40 vears among patients with
non-C-loop-missense mutations was still considerable (between 11 and 16 percent).

We used a combination of clinieal analvsis and cellular electrophyvsiology experiments
o investigate the molecular determinants and mechanism underlying the clinical outcomes of a
large cohort of subjects having a spectrum of KONQT mutations categorized by thelr code type
ard location. Patients with KCNQ/ missense muplations located 1n the C-loop domains had a
signiftcantly greater risk for Hie threatening cardiae ovents and gained grater benefit when
treated with B-blockers as compared with patients having other KCNQT missense or non-

missense mutations independently of clindeal risk factors, We supgest that a combination of
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decrease in basal function and altered adrencrgic regulation of the Iy, channel wnderlies the
increased cardiae risk in this sebgroup of patients.  Mutation-specific information should be
assessed and incorporated into the risk assessment and the management of LQT! patients. Our
resalts highlight the importance of understanding the molecular determinants and mechanismy
anderlying arthythmogenesis to idemtify cardiae risk factors for LOQTIL patients, and have
impheations for vsk stratification and freatment in LQTT patients.

Genetie testing. as described herein, includes all forms of testing used o @st for and
detect genelic disorders.  Many forms of genetic festing involve examination of the DNA
molecule iself, or may involve biochemical tests for enzymes, chromosomes, proteins, or other
substances.  Genelie testing includes techniques to examine genes or markers near the genes.
Genctic testing is often times performed on a sample collected from a patient, such as a sample
of blood, hair, skin, or other tissae. One example of such collection is that of a buccsl smear,
where a sample of cells is collected from the msude surface of a patient™s cheek by way of a
swah or brush,

The ability to identify specific mutations that are ot only indicative of patients that
have LOTT syndrome, but alse contain additional, heretofore unknown information related to
LOTI syndrome provides the scientific basis for new and usetul methods of treatment, devices
tor improved diagnosis and treatment. devices and methods for improved sk siratification,
methods and devices for targeled therapies, and the nse and development of therapeutic drags
and drug delivery systems,  Various novel uses of the scientific wformation produced by the
processes, techniques and equipment described berein has profound whiity in targeted
treatment,  therapies, visk  stratification, and prevention of life-threatening  ventricular
tachvarrhythmias and sudden cardine death for patiemis with congenital tvpe-1 long QF

svndrome (LOT1

For example, Figure 3 s g diagram depicting risk stratification for Aborted Cardrac
Arrest or Sudden Cardiae Death in LOTS patients without use of the present invention and s
various embodiments, Vartous risk factors are considered in the risk stratification diagram of
Figure 5. For example. age. gender, prior syncope, frequency of prior syncope. number of
syncope events i a specified time period, Q1o variables, and the ke, With the use of the
present Invention and ity various embodiments deseribed and  envisioned  berein, risk
stratification is genotype-specific.  Figure 6 ig a diagram depicting risk stratification for
Aborted Cardiae Arrest or Sudden Cardiac Death in LOQTT patients according o the present

mvention., Muotation specific risk factory sue considered in the risk stratification diagram of
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Figure 6. Current visk stratification in LQTS patients relies mostly on non-specific clinteal
parameters, including the duration of the corrected QT mterval (QTe) and a history of
symptoms, whereas genetic/functional information 1s usually not incorporated o risk
assessment. A prior study in 2007 showed that mutations located i the transmembrane region
of the potassium channel are associated with increased risk of cardiac events i LOTH patients.
This study, however, did not assess specifically the risk of sudden cardiae death and &d not
identify functional mechanisms related © mutation-specific risk, Our new data show that only
missense mutations within the transmembrane region mercase the risk of sudden death while
other transmemtwange mutations are associtated with a significantly lower risk. Thus, while the
rate of ghorfed cardine arrest or sudden cardiac death from birth through age 40 vesrs among
LOTL patients with missense C-loops mutations is very high — 33%, those who have other
mutations in the ransmembrane region have a significantly lower rate of only 13%. Therefore,
various methods of targeted risk stratification and {reatment for use in defining a therapentic
action 1o be taken can be envisioned. The nwethods may be manual, or they may, in some
embodiments of the present invention, be performed on a computer or a8 computing device or
instrument. Examples of steps to be taken may include, for example. performing genetic testing
on patients suspected of having long QT syndrome 1o identity genetic mutations indicative of
fong QT syndrome and processing the results of the genetic testing on a computer, identifving
by way of genetic festing mutations in KONQI channel Coops and processing the resulls of
the genetic testing on a computer, evaluating electrocardiogram patient information en a
computer, evaluating patient clinical history on a computer; and defining o thevapeutic action
to be taken.  Therapeutic actions may include, but are not Himited to, use of a beta blocker, use
of an implantable cardioverter-defibrillator, alteration of the operation of an implantable
cardipverter-defitwillator (such as, for example, by programming), use of surgical left
cervicothoracie synmpathelic denervation, or use of pharmacelogical agents, for example. IKs
opengrs, PR inhibitors, peptides based on the sequence of the ¢-loop region, ¢-loop interacting
pariners that may restore normal channel regalation, drugs that mimic ¢-loop peplide action,
drugs that bind to ¢-foop peptides, and drugs that bind to ¢-loop peptide binding partners.
Therefore, disclosed 1s a system for identityving and reducing the risk of life-threatoning
ventricntar tachyarrhythmias and soadden cardiac death in patients with congenital type-1 long
QT Syndrome (LQT1) comprising an instrument for genetic testing of LQTT syndrome and for
identifving KONGI channel mutations; an instroment  for identifving C-loop missense

mutations in the KONQT chanpel mutations: and a computer for assoctating a therapeutic action
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with dentitied C-loop missense mutations 1 the KONQT chamnel. The computer may contain
Listings of therapeutic actions to be faken, ag will be further disclosed herein. Therapeutic
actions may include, but are not limited o, formulating a pharmacological agent containing a
beta blocker, formulating or directing mixing or adding a type of beta blocker o a
pharmacological agent, formulation of a pharmacological agent that includes, for example, 1Ks
openers, PRC whbitors, peptides based on the sequence of the o-loop region, o-loop mieracting
partners that may restore normal channel regulation, drogs that mumic e-loop peptide action,
drugs that bind to ¢-loop peplides, or drugs that bind to c-loop peplide binding partners, use of
an implantable cardioverier-defibrillator, programming or modification of an implantable
cardicverter-detibritlator. the use of surgical fefl cervicothoracic sympathetic denervation, or
the like. Such a svstem that comrelates the herctofre desoribed gonctic testing with a
therapentic action may operate on a computer such as a laptop computer, a tablet computer, a
smart phone, an insfroment confaining a processor, a wearable device such as a wristwaich,
heart rate monitor, bload pressure wonttor, ar the ke, Therapeutic actions may also compuise
alerts from the computer that are activated gpon reaching a specified bodily indicator such as a
speaified heart rate, a specified heart rhythm, a specificd pereent oxygen saturation in bood, a
spectiied blood pressore, a specitied chemical marker in blood, or the ke, The term specitied
is defined to be any value, numerical or otherwise, that is entered or otherwise programmed e
the computer, erther by a human or throngh another source, such as another computer, a
database, a caleulation or caloulanions, and the like,

Turning now to Figure 7, there s shown a disgram depiciing methods of targeted risk
stratification and treatment using the present invention, lostruments such as processes,
techmques and equipment heretofore deseribed for genetic testing and subsegoent wWdentification
of mutations in C-loops of the KONQ1 channel as shown in 701 of Figure 7. ECG findings are
also evaluated in step 703, Chnical history is also used m step 703, with the useful ouiput being
the definition and subsequent laking of therapeutic actions in step 707 through a treaiment
construct. Treatment constructs and related therapeutic actions may include, but are not limifed
{0, the use of beta-blockers, the use of an implantable cardioverter-defibrillator {HUD), the use
of surgical teft cervicothoracic sympathetic denervation (LOSD). Additional possible novel
therapeniic modalities {which are curvently not given in LQTS patients) that may be developed
and/or evalunted as a resudt of the present ivvention include the use of various pharmacological
agents such as an IKs opener {for example, L-364373 from Merck, Retigabine or czogabine

from Valeant Pharmaceutivaly and  GlaxoSmthKime), a PKC inhikitor (for example,
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Ruboxistaurin, a calcium dependent PO inhibitor), peptides based on the sequence of the ¢
loop region or c-loop inferacting partners {such as KUNQUSOKONQHClerm )y KONEN(C-
term) that may restore normal chanoel repulation, drugs that mimic ¢-loop peptide action such
as drugs that can efther bind 1o o-loop peptides or to ¢-loop peptide binding pariners, or the like

Figure 8 Is a diagram depicting data sources used for treatment constructs of the present
invention. The data sowces may, in one evabodiment of the present invention, be contained in a
data storage deviee such as a hard disk, solid state memory, an optical device, & magagtic
device, a semiconductor device, or the like. The data sources contained on physical media may
also be orgamized or patterned by way of a database, relational database. software program,
spreadsheet, file partition, or the bke, The dats sources may also be connected within or
between one another by way of a network, electrical, or optical connection. To provide
tresiment constrocts such as a treatment regimen 801, various data inputs are used. Clinteal data
803 that may include, for example, further medical observations of the patient, along with
Electrocardiogram data RO5, hustorieal data 807 such as price syncope data, and penetic testing
data 809, are provided, Treatment constricts mayv be developed or specified by way of a
computer or microprocgssor based system.

Figure ¥ is a diagram depicting a method of determining LOQT1 patient responders and
non-responders to beta blocker therapy., A predominant medical treatment available for the
management of LQTT patienis 1s befa-blocker therapy. Beta blockers are beta-adrenergic
blocking  agents, beta-adrenorgic  aptagonists, bota-adrenoreceptor  antagomists, or  beta
antagonists that are considered a class of drugs. Examples of beta blockers include, bat are not
fmited to, Propranolel, Setalol Timelel, Pindelol, Penbutolol, Pxprenolal, Nadelel, Carteolol,
Bucindolol, Alprevolol, Eucommuia, Carvedilol, Labetalol, and the like. Other beta blockers,
such as Bl selective agents, may alse be wsed. Examples include, but are not limited to,
Acebutolol, Atenolol, Betaxolol, Bisoprolol, Celiprolol, Esmolol, Metoprolol, Nebivolov, and
the like, However, through our research with large population studies we show that some LOT1
patients experience life-threatening events despiie being treated with beta-blockers. Our new
information shows for the first time a significant difference in response to beta-blockers
between LOT patients wha have C-loop mutations {wha oxperience a pronounced 88%
reduction in the nisk of aborted cardiac arrest and sudden cardiac death with beta-blocker
therapy) and those whe have other LOQTl-associated mutations {who do not derive any
significant benefit from beta-blockers). These findings have important implications for

recommendations for therapy i LOQTT patienty that take into accounmt mutstion-specific
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response to therapy. Figure 9 further describes owr mcthed where an LQTT patient 901
undergoes genetic festing 1o generate genetic testing data 903 related to long QT syndrome.
The presence of C-loop mutations Y05 are indicative of greater response to beta-blocker therapy
907; whereas LOQTT patients with no C-loop mutations show lesser or no vesponse o beta-
blocker therapy 909 Therefore, various methods of formulating the composition of a
thevapeutic agent for treatment of genetic long QT svadrome are provided by way of this
disclosure. For example, 2 method of formulating the composition of a therapeutic agem for
tregiment of genetic long QT syndrore may include the steps of  performing genetie testing on
patients suspected of having long Q7 syndrome to identify genetic mutations indicative of long
QT syndrome, identifving with genetic testing the specifie types of genetic mutations that are
mdicative of long QT svadrome, separating KONQI channel C-loop missense mutations from
other mutations in the KONQT channel, and formulating therapentic agent compositions that
nclude Beta Blockers for reduction of life threatening events in patients with KON(H channel
C-loop missense mutations. Another example of a methed of formulating the composition of'a

therapeutic agent for treatment of genetic fong QT syndrome may include  the steps of

2

performing genetic testing on patients suspected of having long QT syndrome to dentify
venetic mutations indicative of long Q1 syndrome, identitying with genelic festing the specific
tvpes of genetic mutations that are indicative of long QT syndrome, separating KONQI
channel C-loop missense mutations from other mutations i the KONQI chanpel,  aand
formulating therapeutic agent compositions that do not include Beta Blockers for reduction of
life threatening events in patients with genetic mutationy that do not inchude KONQU channed
C-loop missense mutations.  Other methods are evident after reading this disclosure, and are
included in the spirit and broad scope of the present invention as described and depicied herein.
For example, a method of gquantifving optimal therapeutic efficacy of a drug for treatment of
congenital long QT syndrome may include

performing genetic testing on patients suspected of having long QT svndrome  to identify
genetic mutations indicative of long QT syndrome, identifying by way of genetic testing the
specific fypes of genctic mutations indicative of long (T svndrome, separating KOUNQGI
channel C-loop missense mutations from other mutations in the KUNQI channel, and assigning
a greater probability of therapeutio efficacy of drugs containing beta blockers to patients with
KONQH channel C-loop missense mutations than to those patients without KONQ1T channel C-

Toop missense mutations.
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I addition, & method of mcasuring & respounse 1o beta blocker therapy in patients with
long QT syodrome may include the steps of performing genetic testing on patients suspected of
having long QT syndrome to identify genctic mutations indicative of long QT syndrome,
wentifying by way of genetic testing KONQT channel C-loop missense mutations in genetic
testing results, and correlating KONQT channel C-loop missense mutations with an improved
response to bela blocker therapy over other mutations responsible for genetic long QT
syndrome.

Figure 19 is a diagram depicting a method of determining LOT1 patients at increased or
fower risk of exercise triggered events, Quwrrently, there is a nonspecific recommendation for all
LQT! patienis to avoid parficipation in competitive sporis and intense physical aetivity, Our
findings show that patients with C-loop mutations have inereased risk for arrhythmic events

during exercise, wherens other LT mutations are indicative of a signilficantly lower nisk for

exercise-trigeered  events. This data may change current recommendations  for  sporis

participation in patients with inherited sirhythmie disorders. Figure 10 further describes owr
method where an LQTT patient 1001 undergoss genstic testing to penerate genetic testing data
1303 related to long QT syndrome. The presence of CHloop smutations 1003 are indicative of
mereased risk of archythmic events during exerciser whereas LOTT patients with no C-loop
mutations show lower visk of exercise triggered events 100,

Figure 11 18 a diagram depicting a method of deternuning female LQTT pabients at
increased risk of sudden cardiac death. Prior studies suggest that LOTT women have a lower
risk of cardiac events than men. Ouwr new data shows that LOQTT women with C-loops mutations
have a very high-risk of sudden cardiac death that is similar to that of men. This new finding
has important implications for the management and risk assessment of an important subgroup
of LOTS for whom current information regarding arrhythmic visk is very Bmited, Figure 11
further deseribes our method where a fermale LQTT patient 1101 undergoes genetic testing to
generate genetic testing data 1103 related to fong QT syndrome.  The presence of CHloop
mutations 1103 are indicative of @ stmlar risk of cardiac events as compared to 8 male LQTI
patient 1107; whereas fomale LQT1 patients with no C-loop mutations show fower risk of
cardiac everds than comparable male LOQTT patients 1109,

Oor findings show a very high risk of arvhythmic events in patients with mutations in
the C-loop region of the potassiom channel, Therefore, it s possible that single nucleotide
polymorphisms {that are more common in the general population) are responsible for

gnexplained svocopal andfor arvhythmic ovents that are currently left undiagnosed snd
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untreated, Thus, our methods, systems, and devices can be osed in related ways, for exanyple, as
a possible new test to identity risk of arthythmic events in non-LOQTS patients, and further to
develop therapies that can be used for the reduction in the risk of sudden death in the general
population.
it 15, therefore, apparent that there has been provided, in accordance with the various
objects of the present wvention. Systems And Methods For Risk Stratification, Therapies,
Targeted Treatment And Provention of Litk-Threatening Ventricular Tachvarrhyvihmias And
Sudden Cardiac Death For Patients With Congenital Type-1 Long QT Syndrome (LQT1 )
While the various objects of this invention have been described in conjunction with
preferred  embodiments thereof, it is evident that many alfernatives, modifications, and
variations will be apparent to these skilled in the art. Accordingly, it is intended {0 emiwace ali
such alternatives, modifications and variations that fall within the spirit and broad scope of this

spectiication, claims and the attached drawings.
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What ix claimed s

Lo A system for dentifving and reducing the nisk of Lfe-threatening ventricular
tachyarrhythmias and sudden cardiac death in patients with congenital tvpe-1 long GF
Syndrome (LQTL) comprising:

an instrument for genetic testing of LOTI svadrome and for identifving KONGQI
channel mutations;

an insttument for identfyving C-loop missense mutations in the KONQU channel
rautaiions; and

a computer for associating a therapowtic action with identified C-loop misscuse

mutations in the KONQI channel.

2. The system for idenmtifving and reducing the risk of life-threatening ventricalar
tachyarshythmias and sudden cardiac death in patients with congenital type-1 long Q7
Svodrome (LTI} as recited 0 claim 1, wherein the therapeutie sction is the

formulation of a pharmacological agent containing a beta blocker.

3. The system for ideniifying and reducing the rnisk of hife-threatening ventricnlar
tachyarthythmias and sudden cardiac death in paticnts with congenital type-1 long QT
Svadrome (LOQTT) as recited 1w clann 1, wherein the therapeutic action i the
formulation of a pharmacological agent selected from the group consisting of IKs
openers, PRC whibitors, peptides hased on the sequence of the c-loop region, c-loop
interacting pariners that may restore normal channel regolation, droags that mimic o-loop
peptide action, drugs that bind {0 e-loop peptides, and drugs that bind o e-loop peptide

binding partners.

4. The system for identifving and reducing the risk of life-threatening ventricular
tachyarchythimiag and sudden cardiac death in patients with congential type-1 long QT
Syvndrome {LOQT1) as recited in claim 1, wheremn the therapeutic action is the nse of an

implamtable cardioverter-defibriligtor.
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5. The system for identifying and reducing the risk of hife-threstening ventricular
tachyarthythmias and sudden cardiac death in patients with congenital type-1 long QV
Syndrome (LQTY as recited in clatm 1, wherein the therapeutic sction i the

programming of an implantable cardioverter-defibritlator.

6. The system for dentifving and reducing the sk of life-threatening ventricolar
tachyarchythmias and sudden cardiae death in patients with congenital type-1 long Q1
Svndrome (LQTT) as recifed m claim 1, wherein the therapeutic action is the

maodification of an implantable cardioverter-defibrillator,

7. The systemy for identifving and reducing the nsk of life-threatening ventricular
tachyarrhythmiag and sudden cardiae death in patients with congential type-1 long QT
Svndrome (LOQT13 as recited o claim 1, wherein the therapeutic action is the use of

sargical left corvicothoracic sympathetic denervation,

8, The system for identifying and roducing the risk of life-threatening ventricular
fachyarchythmmas and sudden cardiae death i patients with congential type-1 long QF
Syndrome (LQTT) as recited in elaim 1, wherein the therapeutie action is the sctivation

of an alert by the computer upon reaching a specilied metabolic tunction.

9. A method of formudating the composition of a therapewtic agent for treatment of

o

genetic long QT syndrome comprising the steps of!

i

performing genelic testing on patients saspected of having long QT syndvome to
identify genetic mutations indicative of fong Q7 svadrome;

wdentifving with genetic testing the spectfic types of genetic mulations that are mdicative
of long QT syndrome;

separating KONQ1T channel C-loop missense mutations from other mutations in the
KONQ1 channel; and

tormulating thevapeutic agent composttions that include Beta Blockers for reduction of

life threatening ovents in patients with KONQT channel C-loop missense mutations.

10, A method of formulating the composition of a therapeutic agent for treatment of

penetic long QT svndrome comprising the steps oft

o
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performing genetic testing on paticnts suspected of having long QT syndrome to
wentify genetic mutations indicative of fong Q1 syndrome;

wlentifving with genetic testing the specific types of genetic mutations that are indicative
of long QT syndrome:

separating KONQ1 channel C-loop missense mutations from other mutations in the
KONQT channel; and

formulating therapeutic agent compeositions that do aot include Beta Blockers for
reduction of life threatening events in patients with genetic mulations that do not include

KONOQT channel C-loop missense nnations.

11, A wmcthod of targeted risk stratification and treatment for use in defining a
therapeutic action to be taken comprising the steps of

perfornung genetic testing on patients suspected of having long QT svadrome  to
wentify genetie mutations indicative of tong QT svadrome and processing the results of
the genetic testing on a computer;

wlontifving by way of genetic testing mutations in KUNQT channel C-loops and
processing the results of the genelic testing on a computer;

evaluating clectrocardiogran patient information on a computer;

evaluating patient chintcal history on a computer; and

defining a therapeutic action o be taken.

12. The method of claim 11, wherein the therapewtic action 0 be taken is defined 1o be

the use of a beta blocker.

13, The method of claim 11, wherein the therapeutic action 1o be taken is defined to be

the use of an implantable cardioverter-defibrillator,

14, The method of claim 11, whercin the therapentic action to be faken is defined o he

alteration of the operation of an implantable cardivverter-defibwillator

15, The method of claim 11, wherein the therapeutic action to be taken ig defined 1o be

the use of surgical ledt cervicothoracic sympathetic denervation,



LAy

-3

fondd

T4

WO 2012/154452 PCT/US2012/036004

16, The method of claine H, wherein the therapeutic action 1o be taken is defined 0 be
the use of a pharmacological agent selected from the group consisting of 1Ks openers,
PR inhibitors, peptides based on the sequence of the c-loop region, c-loop interacting
pariners that may restore normal chanoel regulation, drugs that mimic o-loop peptide
action, drugs that bind to c-loop peptides, and drugs that bind to c-loop peptide binding

partners.

17. A method of quantifying optimal therapeutic efficacy of a drug for treatment of
congenital long Q7 syndrome, the method comprising the steps oft

performing genetic testing on patients suspected of having long Q7 syndrome  to
identify genctic mutations indicative of fong QT syndrome;

wlentifying by way of genetic testing the speaific types of genetic nutations indicative
of fong QT syndrome;

separating KONQ1T channel C-loop missense mutations from other mutations in the
KONQ1 channel; and

asstgning a greater probability of therapeutic efficacy of drugs containing beta blockers
o patients with KUNQ1 channel C-loop missense mnfations than to those patients

without KONQ1 channel C-loop missense mutations.

18, A method of measuring a response to beta blocker therapy in pationts with long Q1
syadrome comprising the steps ot

performing genetic testing on pattends suspected of having long QT syndrome to
identify genetic mutations indicative of long QT syndrome;

wdentifving by way of genetic testing KONQ1 channel C-loop missense mutations in
genetic testing resulis: and

correlating KUNQIT channet C-loop missense mutations with an improved response to

beta blocker therapy over other mutations responsible for genetic long QT syndrome.
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