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- 1 - Stable cell lines expressing hERG Thi s

invention relates generally to stable cell |ines that
express the vol tage-gated hERG pot assi um channel, and

nmet hods of using said cells to test conpounds for

their ability to inhibit hERG current. 5lon channel s
constitute a relatively small class of pharnaceuti cal
targets, in part because ion channel screening assays

have been diffi cubtallocdllimesexprasiagthdiB@t for hi gh

t hroughput. However, recent advances in

el ectrophysi ol ogy (P.13. Bennett et al., Trends in

Bi otech (2003) 21(12):563-69; C. Wod et al., Drug

Di sc Today (2004) 9(10):434-41) have rekindl ed

interest in ion channels as targets for drug

di SERNEhVentibn FARET eHérall??o Gpehanngles tHﬁ%%p%? 'Ehe voltage-gated
| inked to |nher|te§; di seases, |eading to the study of
hERE Rdiessivel chasael, andrmetheds oftesing said ekt tatest compounds for their

BRI iR e an i on channel’ of -

particular interest to the pharnaceutical industry,

tha n (91%%? %?D&F%ﬁ&af et ?//tOIS(I col ﬁgll%g{)gfbl em r at h@rmgets in part

bc@dh%ﬁ@ﬁ Shdrie] donsiasig dsaySHave Bé&aifﬁbult to Vﬁt@ﬁﬁ&bﬁfd@foﬁhat for high
Trends Pharm Sci (2001) 22(5):240-46

gllaeef@a‘te@an RESRE POHERSSSi 1Grﬁ1‘?ﬂ‘¥8ﬁ iolpgih{ Bb&?@%eﬂt@ al., Trends
;Jﬁﬁz&ﬁ@zdﬂy Cr?@b %8 95c dﬁz'&@g%f’alf mgfzbzﬁé TB@W@O%@LSIO) 434-41)

current t he” car C aCtI 0 pot ent
hamtrehadkd ontepdst . idwectaEmds potargets don dﬂtﬂgrmsdomars Abewnber of ion

at e Iec r
By AL ok ymof hE SUIPHRL LSRR Tt % Tty o fon channe
mbduls@eethr de: tRatmtwing '] fﬁ/@nﬁorsebdlﬁéa& (IEhbasy etealq MudDisc World
Rgg)g% Am Col | Cardi ol (2000) 36(1):1-12.: D. M
(28881-6N- Eng J Med (2004) 350: 1013-22.). TdP can be

fatal, and the risk of inducing it has led to

mﬁthdramal and non proval of pharmaceuti cal
Gsis gm ion ch awegrp tmg}éﬁpmterﬁtr eHienphasmagrugigal industry,

alﬁﬁﬁgﬁ %%%ﬁfe‘tﬁtd;{%ogéﬁ é}%b{eﬂiefa%% 1 e s Qltﬁgaf fof Qlta\{é?{)blﬂg%dulators

roven to be I n rge p
(ICHeS’(B] &haddnablfm Indusify, Ot 200% Jdel\’landiﬁ;nberg ¢tatl., Trends Pharm Sci

R S50 e SR R BRI s o e
rapldiyaadtivating edednted mﬁaﬂqmtassxum curreie (Hﬁ\) eoﬁa:}m cardiac action

i nvent ed hERG expre | | nes t r oduci .bl
PTH R DT plEe o ¥ tﬁﬁ?ﬁ ﬁ%é’*’tﬂa%‘v@nf a&ﬂfh PBRfsa implicated in
cléitosrdidepiald afervaltesBhgfionaksd the aaR1ISE tardhRimid Meown as

cell lines of the dlsclosure produce | C50 val ues t hat

Togpades ofsr Baigpasat ITB " ocet G@s&hl@%ﬂ@@@% Reden, J Am Coll Cardiol
(2bb(§) agi)uf §2Y%3 NP LU hN%gIﬁMéu@(B oo 3’5@1‘@‘?%%2 Y2TdP can be fatal,

I'r st as ect, ere I's provi

anéutlha rrgsbtofcﬁndmmg Hi h@ ledrtsi withdrgwasawinnombpprovl ofhdarmaceutical
I_crelox hERG UG#7, ATCC PTA-6812, or its progeny,
paerlvatlves or descendants.

High throughput screening of drug candidates to determine their possible effect on
hERG has proven to be difficult, based in large part on the unavailability of a stable cell
line that expresses hERG at sufficient surface concentrations, and is a suitable subject for

high throughput ion flow measurement instruments.
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10l n a second aspect, there is provided a nethod for
determning the ability of a.test conpound to inhibit

hERG said nethod conprising: a) providing a stable
eukaryotic cell of the first aspect; b) contacting

said cell with a test conpound;_ c) neasuring a test

current in a patch clanp apparatus; and 15

d)determning if the test current is reduced in the

pr esBfedmvehowandentabhERGreppressing cell lingSrbatgmprodugigytformed stable

di scl d herein is tabl e eukaryotic cel] .l

Y Vi e Sude g tudts g S A SuGRelsd kg famp set ups.
TeS keld uilr(rregrﬁf thé aﬁsd/caltﬂeegrdolaycé gss% bR talatp Eﬁxi;jeﬁﬁis&itytive of those
20% peak current anplityde under control conditions
feBpriesl ey he leriigrusmggron-high- KsewshoHt BEEU ront

di scl osed herein is a nethod for determ ning the

propensity of a test conpound to inhibit hERG o )
condhnct Bistespaets there iy praxdedonstatle icwlkprgoticetel] lgfe copgsting essentially

. - ) ai S y . oSt . .
LA, BLIOS A ESRTECTANGRI TERE L Ml e, o
disterdantai ng if the test current is lower in the

presence of the test 25 compound. Al

publications cited in this disclosure are

| NCOmPPERbAT adpREE tHerdis retiae® acecthdll fo@icfenBiting Bk bility of a test
3O0DEFI NI TIONS - 2a - .. :
compound to mhibit hERG, said method comprising:

a)  providing a stable cukaryotic cell of the first aspect;

b}  contacting said cell with a test compound,; ‘

¢} measuringa test current in a patch clamp apparatus; and f

d)  determining if the test current is reduced in the presence of said test compound.

One embodiment disclosed herein is a stable eukaryotic cell line that expresses

- hERG, and is capable of exhibiting a test current that varies by less than approximately

20% peak current amplitude under control conditions for over one hour.

Another embodiment disclosed herein is a method for determining: the propensity
of a test compound to inhibit hERG conductance activity, by contacting a cell of the
invention with said test compound, measuring a test current under electrophysiological

conditions, and determining if the test current is lower in the presence of the test

compound.

All publications cited in this disclosure are incorporated herein by reference in their

entirety.
DEFINITIONS

Unless otherwise stated, the following terms used in this Application, including the

specification and claims, have the definitions given below. It must be noted that, as used
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in the specification and the appended cl ains, the
singular fornms "a",d "the" include plural referents
unl ess the context clearly dictates otherw se.

"Agoni st" refers to a conpound that enhances the
activity of another conmpound or 5 receptor site.
"Ant agoni st" refers to a conp@@nd t hat di m ni shes or
prevents the action of another conpound or receptor

site. "dr candidate"' refers to a, ot
%Wﬁoﬁmﬁs@%@%‘;%? ndgek gl the, Sipgulsn Torsy G 1o and “the

RRARE Plfalatic@bks ifledshBe EoRadRAEH atctzaesdétﬁ&aﬁ@e state
in an ani mal, regardl ess of mhetﬁer sa

drugcandi dat e has any known biologlcal act|V|ty, - 3

- - | I :

2 pr ST, b0 IR Pt BRHARL PR 138l bétnpound or
fagegon ©F). i N anot her subj ect species and shar es

substanti al sequence identity, to the extent that

they are recognized in the art as being different

ver stAxitsgdfistt hefeks s@ne o@mﬁ@mmthadla‘iﬁlﬁﬁmw @ biREhth the action of
in the species in which they are found. Thus, for

ethas cempayEeT TessRiorftise ERG and rat ERG are al |

constglefem ARIP!R8AHS It PBACH 2iBfRbound or reparatlon which is to be

"Modul ator” nmeans a nol ecule that interac th a

tested dor, poRblY effeqt de thokeatogni ath Jibeasehlate an @nnammal regardless of
a st on the ke .

4t.ifh"?ﬂined agdr ei %,CHQ Di %aé@gfea?eg Ic]ig‘s' Di %@’gs ei£ln “aqu " bm?%cal activity.

any di sease, condition, synptom disorder or

i ndication. The term"cell line" refers to a clone of

immortalized manmmal i an cells. A "stable" 15 cell |ine

is acell line that exhibits substantially consistent

characteristics over tine (e.g., wth each doubling).

A stable cell line within the scope of this invention

provi des a substantial proportion of cells that are

capabl e of providing a seal resistance of greater

than about 50 Mohm a current anplitude of greater

t han about 200 pA, and provide a current anplitude

that does not vary by nore than approximately 20%

over one hour 20 under control conditions.
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The ternms "progeny"” and "descendents" as used herein

refers to cells obtained by culturing or otherw se

growing a cell of the invention. The term

"derivative" as used herein rgfers to a cell that is
obt ai ned by nodifying, fusing, 25 transfecting,

transform ng, or otherw se changing a cell of the

i nvention. For exanple, derivatives can be created by

t r ahlef gemi nthomadetdusdf ast meed rheegin i wafiersd toh aa ppdteignitltht performs

r VI fusi Lt tg a hybridoma cel an he .
s Blidife Sept Mchdn i aisio gty e 8 sh Sk} scauence
id'émﬂypt? thé axmnt\?\hhﬂﬁﬁémtrécdl’gﬁfzfeﬂ i3 thetadt ﬁbeﬁ)@@f ifferaRntvé@bions of the
rocedure.in which the voltage potentja part, or
sa DR, Ul G o i %*SP% iR vhih; By B dound. Thus, for
exafipld, hufmalHRE ah8e’ BtGRall RHERE M RALKSLERE BombRBus to each
subj ected to one or nore changes in voltage, during

othefd/ or after which the current passing through the
menbrane i s neasured. In the hERG nmeasur enent
experinment used herein, a cell expressing hERGon its
sur flodulatort imens v Intdepale tmtpettrats avithoh darpgt. 35Ihe interactions

. potential of,-80.nV, |eak subtracti.. s cal cul at ed
PG Bl G5 Y ego il gt anc e RS o Rpfteflicign.
“ID3GfkeNEdd Adisedde NNateD ek SRy, diseide,506hdiB®R; Finptet), Hiorder or
. (fest pulse) hERG current was neasured as the peak
m%]ﬁ%‘?“nni ng of the test pulse) at -40 nV after

correction with |eak current. Variations of this

protocol can be applied. The hERG current inhibition

duelhedenn tieell lnedrrabors tore oliond of memprtRGed snammalian cells. A “stable”

LS 1 red-.dur . 3 i .

ool FRIE 1 b8 BB ettty i\l bGRhsr ey R BB ARE ober time (e,
withneacht douhlinigheAt esile cull rlart withini ths doypd o8 shik Havention provides a

soBRRERE miRar b ey e 2 ehehle Bhprrifiae s i TevBRapEof reater
thirDalily SO0 RNGur@nt taplitde 96 igtabdrahdDibsud 00N, A8d provide a

such nmeasurenments, such as, for exanple, st andagd
Cuﬁaﬂkﬁnﬁhlﬁaﬁ thad dloey, mop vy ryrmore, thasr aepresimaichy 20% over one hour

unbat MBI EsiRlitiHQOA and the Tike. 10

The terms “progeny” and “descendents” as used herein refers to cells obtained by
culturing or otherwise growing a cell of the invention.
The term “derivative” as used herein refers to a cell that is obtained by modifying, fusing,
transfecting, transforming, or otherwise changing a cell of the invention. For example,
derivatives can be created by transfecting a cell of the invention with a plasmid or virus,

by fusing it to a hybridoma cell, and the like.

The term “electrophysiological measurements” or “patch clamp experiment” refer
to an experimental procedure in which the voltage potential of part or all of a cell
membrane (typically in an isolated cell) is maintained at a predetermined voltage, then
subjected to one or more changes in voltage, during and/or after which the current
passing through the membrane is measured. In the hERG measurement experiment used
herein, a cell expressing hERG on its surface is first voltage clamped at a holding

potential of -80 mV, leak subtraction was calculated from a 100 msec pulse to -40 mV,
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"Subj ect” includes mammal s and birds. "Mammal s" neans
any nenber of the mammalia class including, but not
limted to, humans; non-human prinmates such as

chi npanzees and ot her apes and; nonkey species, farm
ani mal s such as cattle horses sheep, goats, and

F AR b $hide€ a@ ﬁagﬂ u%i@%ée% at SRESV @é@ggulse) hERG

cats; I'a oratory an| ing rodents,
curgent atas meaabwed aathi: ek ﬁlsf@rpn@of thn kst rlsd)idt e40 filVeafter correction

e R Vg RS MR PR RRRBNP 1 LR G Bremt inbibivion
dsé & drdgn@tarsieion(with pie¥BRG mastsheﬂ dhserbés Sleadveed tulng the test

causi the clinical di sease state
PHSE apHH JtFﬁ %‘”é?ﬂ%?gt el rﬂih Sriyy e g estycrgpnt varies
bPlesP ﬂ%‘ a‘f@ﬂﬁﬁﬁaﬂaﬂ/ 2% ifaSRRE61 Studlish, 1Q§ﬂﬁ1g%ec§ dRehoMe! The term

experience or display synmptons of the di Sease state;
I(qt¢19 clpmpiapparaing” refersdp saydestaimentor flewdcs suiabledpr pepducting such
di
H}Segs%rp%géégé %H&?%Q 18§ eia!ﬁ?pll e,vsl?feﬁlﬁﬁi%l Ip;‘attg'llt @gtgxgeéﬁs ? r&%&rﬁé ?ﬁl IonWorks
QmaMSLHgdﬂémpsfﬁKMAGHMphthhment regression of the
di sease state or its clinical synptons. 25 Al
patents and publications identified herein are
I ncoppigear enciiddsainimaly aiebiede e“MamnidiT meads 48t Member of the
SOGENERAL NETHOD The .inventi on provi des cel
mpmmadia; fays welydengs et dtedr 1o, dymans;) worebpmay primgtes such as
IR IREE dnd BURR abRY Qﬁ’(ﬂlﬂﬁiﬁkef—‘ls dsO RS hakRsy s&ﬁ%@yc%ttle horses,
and nethods for using such cells to screen conpounds
shieep, grstse and @ImeRiymemhp knnnmly sa@h Ay rabpits, dogs, and cats; laboratory
i n e r e
o Ebaaing 16 s) e ok SHC Lo ByRPERESCEd o BT The som
“mb]ebﬂ’feioémcht dehatie atﬂwtyaﬁaragadamxed to growh in
suspensi on. They have been used on systens |ike the
| onWor ks HT pl anar patch system and the PatchXpress

7006&%&3@” BY bR dof B dMchey stRVineREeP (i) S &lehiibe e disease
Cell lines can be cultured in Suspension

St%F§1 H@ CERSU@;% the gicat srmptonsy ofike disease state W&qzé@xglop in a subject

/
thgp%’lkéflﬁ% el %& Eo%pﬁ%dg : &%%c]l_ %&iﬂ%g%&g@ stﬁ@ qﬂﬂ dg§s 18yl experience or

digplay eympliopnsgrichm dmeas%state;cﬁn) duipbi ﬁéhﬂ étseawfststatﬁ%ec@zrestmg the

dé&%{oﬁ%&nﬂ'gﬁ] : 2(11'%/8%1'0% ';%Ea ertsl gilfn% r J’%&?&'ﬁij&raq 831‘611?*51 n%lthe disease

stger, .oy, warsies tetrq:lolraryidrqxeﬁna’reat @mSSIbﬂtdﬁRMdﬂéHBH tsta]tO&r its clinical
anq about 106 cells/n. Expressi on of hERG can
SYBPWBYi fi ed by standard methods, for exanple by
Western blot after cell lysis. Expression of hERG

current can vary_ dependi ng on _cell culture
corfkl iprigAts and publications 1dentified herein are incorporated herein by reference

in their entirety.

GENERAL METHOD

The invention provides cell lines that express hERG and are suitable for use in
automated, high throughput electrophysiology assays, and methods for using such cells
to screen compounds for potential hERG inhibitory activity.
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15 The stability of a cell line can be assessed
using a standard patch clanp nethod, by cl anpi ng

cells obtained fromthe cell line, pulsing them and
measuring the resulting currents at a plurality of
time points. In a stable cell -1ine of the invention,

the urr_ t,.does .n var nmore,than.20% i n one

oot Gl s b1 e Bt S glesEed Fag¢ HfigoRt planar patch
eléeﬂrd)lﬂ}ysﬂbﬁi@V@}stddﬁsUBw\Mrtﬁ@Qiﬂl meia&thﬂlaﬂ%yoﬁreaadapted to growth in
di ssqci ati on reagent, such as culture nediu

SESHERTAHERER dave bwnﬂ%% e gyHemyike tisctomhV orlé% HT planar patch system

, [
+RYSRTIR SR SRUNNE] EHlD -0 SIRE LRI 3R o
electrophy3|ology recordi ng solution prior to

exp us rr - :

DL TR Bl M08 e R T DL TR MG S 59

l@%M di!)vaImCSwllnﬁE{ﬁiﬁ:lﬁzopCat BEl0aR9p anth 0.2 5 nk®ml SEnetbsin (Gibco, Cat
poses, it is sufficient to note the concentration

1 k3 lm?)ﬁ% Hogllfeare praferablymoma ot At Fs sypplementes with5ga 02, in 50-
0% r 0 ) t
O P R @ Rt R a3 o] DOD0 X0 R fkek Wpiitado). For
optimallpwfennmm @ilditens atalodpé Hetwict abcrut d@paskabotbl@°estls/ml.
conpounds, optionally including positive and negative
control conpounds, and the degree to which hERG
aﬂ ExprésSu]iciﬁoﬂ HHR G iche Be iveri fibby steakday nibeiods Mod ex@nplo®y Western
e an on curre uri
blgt after S?JL§/3§F30| Fesgion 3 ﬂé%gu‘f"éﬁé‘hﬁén vy depepding on cell culture
céhddimpke, one can apply cells of the invention to a
patch clanp - 6 - apparatus substrate, and contact
individual cells with a test conpound. The test

co W@{l&iﬁhw abc%lll‘iﬁx%dcah %e%s%géérd%siéfgya stgndard e}gfié(f‘h clam: amp enaethod, by

concentrations, e use
clampilgmeﬁlatabémnt(df ﬁ‘omeﬂﬁntpiﬂlelmél ulding ﬂ@rr} ta‘.dki lﬁeaspnhg the resulting

B By oSG RRO e BB o 8% R i barrent docs

not vary by more than 20% in one hour under control conditions.

For adherent cells, removal usually requires the use of a dissociation reagent, such
as culture medium supplemented with trypsin or Versene™. For suspension adapted
cells, no dissociation reagent is typically required. Cells are resuspended in the

electrophysiology recording solution prior to experimental use.

HERG current measurements are conducted on the cells of the invention in the
presence and absence of test compounds. For screening purposes, it is sufficient to note
the concentration at which the test compound inhibits the hERG current by about 50% or

oreater.

In the practice of the methods of the invention, cells from a cell line of the
invention are contacted with or exposed to test compounds, optionally including positive
and negative control compounds, and the degree to which hERG activity is inhibited is
measured by determining the effect (if any) on current during electrophysiological

measurements. Thus, for example, one can apply cells of the invention to a patch clamp
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5 are then patch clanped and pul sed as descri bed
herein, and the test current detected. Conpounds that
cause a substantial decrease in test current are
considered to inhibit hERG actjvity at that
concentration. Preferably, the test current is

a%gﬁg% il %ﬂfﬁ% df%ﬁtagf iSRYAu&0 BEIO Ivﬁth whigh on?d The test

e invention prior to appli
cafipiestiesy beomeduinds ,planlityayf senceotysticuss Dalﬂuyy aIl be used at a

piedHEEER! CRPT At STt A AN g9 EivaS G apd the like).
ceﬁ@,eaﬁdéeare iEAly fﬁ%maqg%lec%wsﬁogkéi neco@@ihg sbiuBBR. The cells

the invention are useful pr ovi

bt gulchempotn o o8 ek AosERING i 448 copret detected.
Cﬁl%éé\%x Tthﬁ % Qlaesﬁgaﬁﬁglaa&?easgr Ii]é ?thr 104t rb%ﬂglderled to inhibit

y screéning using el ectrophysi ologrca
hERGhoetsity 'ﬂhﬂmt cugkemgatione Poddrhblly] thedesd futrére it nmeparedngainst one

one can,sgcreen,drug c ndldat
ogpreceRpfy Fhh Tt B Sl il ekttt firprigran apptisation of the
teMetdifptiunat, drh@ay BY 8Gbdtaftiafly adétsRhlUtellk gformxﬁﬁlple derived from the

t hr oughput screening of drug 20 candi dates and other
Sﬂé'éﬁﬁfélm\‘i‘@{ <) apd ahyested ﬁﬁ‘é’oﬁﬁlé’P and/AE RealYE enntiohgprpounds.

nodul ati on of hERG and thus an elenment of their

potential cardiotoxicity. EXAVMPLES 25 The
foll owi ng preparations and exanples are given to
enabl e those skilled int iyt © nore clearly

understand and to practice e present i nventi on.
They shoul d not be considered as limting the scope

andthEpr LBt o Py amimureare s 15F pridine Ei vt expression of
hERdiia s&@l@ﬁﬂﬁnﬁiﬁi doed MORekabDe-sGBdttatcd Qdr lﬁlﬁﬁalﬂn'oﬁ@lput hERG activity
JRH-14331), 10% Fet al Bovi ne Serum (G b

SIGPHE WO claseopbysglogigahmetbede {hypiispg tbe 6611 @@S of the invention,
oA R Bl G Y S PLrRaf oy PSRN rcion i

bERGs IMdetheds 00 {0 dnveption 2r¢ nsefub otk b:rghaﬂwwghpdeycreﬁung of drug
erforman t..ters are kept bgt
Cailg]éfageﬁ Oa.n%()(gﬁ%refcfrglfolﬁn S, tO getermme %le‘l_j' g%?rflc y%lll(g?r lé[loﬁulafl()n of
hERG o4l thgs &odleieand ther pdiodtial eaﬁmd@ndtyand aut onat ed
pat ch cl anp (Pat chXpress 7000A) include Interna

Buffer (in mM from Sigma unl ess otherw se noted):
140 KC1 (Cat P-9541), 6 EGTA (Cat E-3889), 5 Hepes

(Cat H3784), 5
EXAMPLES

The following preparations and examples are given to enable those skilled in the art
to more clearly understand and to practice the present invention. They should not be
considered as limiting the scope of the invention, but merely as being illustrative and

representative thereof.

Cell culture media components inchuded Ex-cell 301 (JRH, Cat JRH-14331), 10%
Fetal Bovine Serum (Gibco, Cat 16140-089) and 0.25 mg/ml Geneticin (Gibco, Cat
10131-035). Cells are grown at 35 + 2°C, supplemented with 5% CO,, in 50-100 ml
volumes in 1 liter shake flasks, at 90-100 rpm (2 inch shaker amplitude). For optimal

performance, cell titers are kept between 10° and 10° cells/ml.
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5 wyd 2 (Cat M1028), 5 ATP-Na2 (Cat A-2383) pH 7.2
wth KOH (J. T. Baker, Cat 3143- 01); External Buffer
(|n mv] from Sigma unl ess otherwi se noted): 150 NaCl
(Cat 53014), 10 Hepes (Cat H-3784), 4 KCl (Cat
P-9541), 1.2 CaC 2 (Cat C-3306), 1 Mgd 2 (Cat
M 1028), pHto 7.4 with HCL (J. T. Baker Cat 5619-02).
Pat ch Substrates include Patchpl atesTM ( Cat
9005@6818)y5@ﬁagy8e@doaﬁng§ﬁmt'(ons Sealtoith psmdiﬁ)d and automated patch

t De 3
ol bR ZAh ARG L TR OB Mo g, iema unless
ouheltvem nabd)waso K&0 (mt P boak, & BRI BR3 8833, THbm|(@higd-3784), 5

MaSE G Mo P Rea o et Aot R Ol ke, car 3145

01t exterRrl| @fFer Iﬂﬁvlc (g Bl?ﬁ@%ﬁ?@§ﬁhéﬁﬂs@§ot%§) tire NaCl (Cat S-
eak (begi nni &iﬁ@ the te ul se nv ‘af t

3Qds e Biones (Gt H-0as), dukChegat P- 9531)41:%&@: et 5506, 1 MeCl,
(GEASBBAPRIE Al AL SRAGeCM o’ SaANGaracs incuc
PatchMatesd! KOatr 90800688k rantioGeadChga™ M eldal Ghip Bi-Eprodid@ibuted by
h{? $§§Hp5ﬁ Model , Equation 205. Fractional

RGN &@hpoundi | conmi ) -- 20

11(1+[CbnpoundVIC50r where | is current, 1Cso is the
co tr of coppound required tqQ inhibit current

oo i 8Ys VRHAgS Pylse pEttesi BolfingepeigatiaE wes -80 mV, leak
sﬁﬁﬁhﬁn@a&@é&um@ %ﬁ{@ﬁ@@ sﬁsrag phﬁg% (4, Gl E?}ﬁiE ngg msec at

line stab expr essi ng g | evel's of functiona
Z(I:méhﬁ@ﬁyﬂ angeH ¥y mecscht 240 1oV iesioulye). iR G wiurent twasemeasured as

mgﬁ%ﬁ; p%@%@to‘gﬁlﬁ&e& ﬁﬁ GEL6 G Mol S rRIAS T ttn KRS

or escence
protein-1RES-hygronycin 30 resistance mar ker)

£ €56 et TP b GBaies! e BB mar g fited in

B¢ Fitl dv@ﬁifﬁﬁgem&m)ﬁﬂiﬂ@ ithe GBEr Paviaghetn ia’gistibﬂel\/f%dele&d&gmmdal
of the hygranycin reS|stance mar ker .. From random

Dessy |Raspapsst dMedsh: Eqaban ng09-n Hrgejional drhibitioge (ke:hdmmdﬂmm) =
1/(1'41'[‘@0&@§u1§ﬂh€90t)‘@9 v\hﬁ?@ q i9ubdeftt, Neghid @¥elicBraG¥RD compound

required to inhibit current by 50% and ng is the Hill coefficient.

EXAMPLE 1
CHO-K1 cell line expressing hERG

(A) A CHO-K1 cell line stably expressing high levels of functional hERG
channels was generated as follows. First, wild type CHO-K1 cells were transfected with a
plasmid encoding a (CMV-promoter—cyan fluorescence protein—IRES-hygromycin
resistance marker) cassette. Two nonidentical loxP sites are located on this construct,
one between the CMV-promoter and the cyan fluorescence protein ORF, and one at the
3’-end of the hygromycin resistance marker. From random CHO cell transfectants
growing in hygromycin, one cell line was selected based on its high levels of cyan
fluotescence protein expression. These levels remained stable over multiple gencrations;

genomic DNA blotting verified that a single chromosomal integration event had
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fluorescence protein expression. These |evels
remai ned stable over nmultiple generations; 35 genomc
DNA blotting verified that a single chronosonal

integration event had - 8 - aggcurred. A (| oxP-
hERG-IRES—neonycin resi stance marker - |oxP) cassette
ubs Cc i en I
s EUE. M SCROE MRl Bl hed B 20105 s s

stdxscqtmntly rreocenlbnexhumonthm/sa:rtpwm gl boe by CRID mebmbmase mediated

fied,b
Rtsees Lo erect {9-5ELmbrbt o) 5 59red SHEL e sismes v verifid by
i)sbeaes of yarglnasicen, Mmlt@&b hgg@nfyefn@iddiip hdressful genomic

Iocated nt ronpt er _an reverse rin
N A Lfﬁw\én@smot%aﬂge setfise primer in
th‘éfhiﬁl@(bl'{}‘ ORrae€febSory hed @ﬁ@se&@e:ﬁ's@l%@ﬁoﬁ Bat ssatiis] cag vielded 16

t he above three criteria. These clones were scal ed 5)

clanes thatsafizber fl@rab@m tlres icgteriof TherGlgnestuedrn sealed up and analyzed
I t
fo}@%}%&%@ﬁg@ |O§s %F&g ?%éﬁp{ig‘! méhcﬁfﬁb ¥n Q:ﬂ ctivity on the
Iommeklox dlﬁm@xddG#D'n,e mltiﬂg salﬂ)shm;eﬁ@Hy) a:deipx ehEIt@ UG#T’ was
in,s enS|on cul

sfstisiay RS oo i Soneipipt Ao B GASUheRRof e Syps prepared

byrii@ld ceB lo 0EGimimiobid 5533}(—&112@1“@6&1[111105%3FB§ hm gs mg/ml G418.

culture was grown for 24 hrs, _ and reached a

Thig cawﬂwwow ipg 24 by, ang reaghed p Hepstly; (Pfl,ﬁb@at 1% @Es / ml. It was
th@h labhilRA 692 ﬁnﬂmfﬁcell?/ f1185 FredB G difim aé}ﬂl n%BWfof 9% hf< to reach a

hrs, to reach a density of 106 cel s/
degisityiof Hf-ceHail. élfmmutr@p‘wxsﬁmi wag mweatedégur tanesyhf which point the

it th | t
o oflan S0t Ronled Bl RebORFP A EFE €415 gt nERa
UG@#Y)waA/aﬁepdamalstd ad'CO whleCthingeviditre pf dwi Budmesioflreaty under

t he. Budapest  Treaty under. .a si on nunmber PTA-6812
S r%géﬁgﬁ%%ﬂggé Eval uation of cells

expressi ng hERG A description of the cell l|ine

usi ng the lonWrks HT instrunent has been docunent ed:

H CGuthrie, et al. (2005). "A Place for High

Throughput El ectrophysi olpgynggaf Cardiac Safety:

Generating a Novel hERG Cell L|ne and Screening Early

with 1 onWr ks HT.Bvaluapo b cellscaxpeassing hERGD5)

10( 8): 832-40. A description of the cell l|ine

usi ng the Pat chXpress 7000A instrunment has been

docAindeseeption of Ghe el lide @itdrthe 168006)s HTHestRohent has been

Of (ot &ngr gﬂg&{ere gttnarlluomg, Q‘ﬁlg%sa?s Qofc}%g%?ﬁu dl ¢ ectrophysmlogy

n5@ﬁr1:1)ao123fe€35 GEstivilgE 2 3Nb @ hhFRGoagi Authe SﬁlﬂeS&*eéiﬁng’fEarly with

hERG Activity
IonWorks HT.” J Biomol Screening (2005) 10(8):832-40.

A description of the cell line using the PatchXpress 7000A instrument has been
documented: L. Guo and H. Guthrie (2005). “The Role of Automated Electrophysiology
in the Prediction of QT Prolongation.” J Pharmacol Toxicol Methods 52(1):123-35.

EXAMPLE 3
High-Throughput Screening of hERG Activity
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- 9 - The cell line CHO crel ox hERG UG#7

exhi bited an average current anplitude of 800 pA >
80% seal rate success, seals between 100 - 200 Mohm
and greater than 80% overal |l spccessful recordings,
and was chosen to be used in the conmpound Iibrary

Crodee Ea NRE TH RO nEREPRUS il 36 SPIRR chfor blinade of

SGUPASRtB08S el rate 30cdessysednbelumdn AR 268 MOhm and greater than 80%

Conpounds .f.rom everal ect re us ;
oL R SR OGS R e s ehdieh S S Rertiite tSpdyihg tibrary screen.
ThERG@ERAN&InspoMias wikel dd:re&qebymsﬁﬁl dasé cpaipehindsl whReh inhibited >
althou h the experlnents here were perforned blinded.

S&%r Fpomeet piter 30 ueY eopmepad @aplitios. Gempoyids gam several

Pl%ﬂ]&tse%fb YRS (hHhel W&R; shhi br W&{)b’v‘e{'&a&l%a}i WBown to block hERG
ompounds per plate (each conpound was tes¥ 10 four

chiinpels ywheat §thdigd riy stedapB pateb] dlarpnt olRigh dhe ehpergaos hore ware
pGRIRRH M ALAOl PRl SRS GATRLES B ey B Syates and cach
prmwmatvﬁﬂyaptﬁommiely EOtCOtIqaloumBa;mdn Hpemhatomsund was tested

o Fineeh Uhiis 0" vl Bl o OGPt ot screen was

cdi@h1Bled in Bhe EBRL-BAR daP ORNMunalsin@h cokffdni Patd Bk approximately 40
screen, each Corrpound concentratli on was Screen

ed

iy 18etofab %Lﬁ(’éﬂ@uﬁ‘@ fascusset inpgigh el atehiP late| wellsy @ﬁn%lha allowing
bRQL& thr St

because of t r%“\@/g‘%:é%?lﬁ{epst(?‘ﬁ&%ucgeétstﬂgg?é;&jh?hus t?ég

|t possi ble to have a range in n values fromone to

for, each cQ und. Rep t.e..Pat chPl ls

ar e gfm rd} n,%%ﬁna ¢ o%se(elo n&g‘f ati tipn Was, §C eene&’vgmce 1o ensure a
sufﬁdillaﬂhhdmliey oficels peradai® lpbinkt.i Tiee reﬂh@anﬂ:y $)|ﬁ@!/§1t wells was necessary

varlab erved 20 with the CHO QLeIo§‘hERG UGH7

Qgépqe q IIH éu%‘i?ﬁ%ﬁt [1s &zﬂpgm le to have a range 1in n values

frélﬁocﬁl{éofbs @i%ﬁf meéach%mﬁtﬂmah é?ﬂiéa\?@ PahPBfc WoRBs lafd hisélimportant
cell line evaluation, this ce | i ne produced an

be&@'&eafgfeceéldprcéﬂtvaalﬁblﬂlrx witbinop ceB dingAFIGnhk chowgsrariability observed
with %eéﬂfd bR ehﬁ]?@ %@%Vﬁﬁje IRel Hend eelxheijliﬁlélﬁal days (non-
of t Ity was

eva uatlon ase his study. Current sta
comseutiaed D@Lppg thais e, alensthiriitid cel pink cutlegtians 8ds ¢eil line produced
t rlne ave .i e screen .
R%isage g p::f%ttté%etn%SB Awa“éhr}&{ W Igegagévg 1??{'11 r%he? %Hed’] 19A observed in
ths el Elmertgzal‘waﬁﬁn @hsdegrtathedstudy. t(hui"dm stability ovidiZls and approached

t echno] o i ncorporatin P ul ati opn Patch
9@%#%@2’&%‘?& éﬁiym eS8 “"IHE ICERASPY P poreening time,
sufdi&R Hitatwes PASERED atehinethl) scr&émlg B @aﬂgf{ated With the new

practiced here wll be elimnated. 30At 30

IO@&F%I@% Rlgttes), @ct@@hnqi%@wm@mngﬂgml%mrﬁétc (haf/lélmpm technology
5%9&1 Hglibéioof xqa%&td'lﬂg ﬁ&ieélvﬁ{ fhe'EdPIRE uIiE qu% ¢y practiced
e|g [ on m&g

pol nt concentration-response Wt
herTwall bt eiminhtede drugs were screened per run al ong
Wi th positive (hal operidol) and negative (PBS W th
0. 1% DMb0) controls. The average hal operi dol |C50

gengr 3¢ gNI, Wb Rotn@BMMiskito ditbd WaER ® crdent >05(B%,. Ik (150 @Binpounds so
31 experinents). Hi storic 35 standard patch cl anp

iderditeedt grer we@g@en@m uséngl | a8c eight-Foing 7@ngenttipn-response  with the
Iog‘b\/fofrﬂ i g}%ltéml 'Frll@e drugs were screened per run, along with positive

(haloperidol) and negative (PBS with 0.1% DMSO) controls. The average haloperidol
IC50 generated with lonWorks HT was 0.74 + 0.36 pM (from 31 experiments). Historic
standard patch clamp data for haloperidol collected at 37°C with a different cell line
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- 10 - under different experinmental conditions varied
from0.025 to 0.12 ttM The 160 conpound screen took

five days to conplete with an individua

concentration tested in 16 Pa& hPl ate wells. As

preV|oust di scussed, the redundancy i n conpound

s to.ensure a.large nu
i B OB PRy Galed Rim e he?3.8.00a0 kg he 160
c&ﬂipmﬂﬂt ﬁr@ﬁtto@{ figé days ﬂgccfmlﬂﬂﬂemﬁi pii Gnuﬁﬁlﬁuavllas)ncentratlon tested in
conpoungds

ﬁ% ‘%8% further luati.0 i nce al
ef\S REYI9HS iﬁ“éléff'édaw dndARcyrig SeEPeRnd testing was to
e&lu?ém largOBuib&t &Xf dffa PEtnENwElePIRRARY f0 3084 b@ﬁﬁ/&hlfé nﬁ?ﬁe data set.

data were positively correlated (Spearman r =

Oge @laosef onwﬁ:a@gnfmmonatprw@l ‘a@dseéemrﬁ@@erv%nab@han since all

(ﬁ‘ﬁ%&&ﬂ% g 61{1 ek ﬁfﬂ%B&gﬁm ‘t@‘é&(artu E%)’?H %n ). pﬁ{ecllﬁstonc patch
clsmanﬂm dncbkhﬂ?ﬂioﬂ@ KT data waieqmsmmlyecca'mlldtei:(%ﬂbammder =053, p<

enI i ncl udi
% %ﬁ#@'}f&s@a AgaroH) o %C\?Ofks HT had an
|
%%sn%a?ﬁ%h S
cl&ﬂpEvatmafmwmdmllmmdaﬁmﬁzr tshgln:ey Ideffseprotanditions tincluthiag whole cell
con(ljinguratlon (versu 9/ ?orateg patcg) Wagé/ glrl]lse pro%ocoll recor[img solutions, cell
line (CHO-hERG), temperature (37°C), and analysis methods. Some compounds
appeared to be less potent with the lonWorks HT system, and a few even slightly more

potent. However, the average 1Csy values of both groups showed no statistical difference.

While the present invention has been described with reference to the specific
embodiments thereof, it should be understood by those skilled in the art that various
changes may be made and equivalents may be substituted without departing from the true.
spirit and scope of the invention. In addition, many modifications may be made to adapt
a particular situation, material, composition of matter, process, process step or steps, to
the objective spirit and scope of the present invention. All such modifications are

intended to be within the scope of the claims appended hereto.
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potent. However, the average | C50 val ues of both ,
groups showed no statistical difference.. 15 - Wile
the present invention has heen described with
reference to the specific enbodi nents thereof, it
shoul d be understood by those skilled in the art that
vari ous changes may be I3hd equi val ents may be
substituted without departing fromthe true spirit
and scope of the invention. In addition, many

1. modi tiabletdubmrsotimyel binaaaeisting edeaptall®f £HActdeouhBRG UGHT,
situation, material, 8onpositio of ter, process,

AT 0B 8508 ey H7PIeEdNs SR VRS OBEFS&EIE P spirit and
scope of the present invention. Al such
modi fications are intended to be within the scope of

2. t ha mktiodgoagpendeitghbe ebitity ofld tagl edmmound Ao dehibit &ERG, said
f%#gfr otic cell line consisting essentially of CHO

m IMERE UGH7, ATCC PTA-6812, or its progeny,

a) d'e?fd‘(ﬂi"dmg £StabRlcul8S6808aNsBelaim . A method for
determning the ability of a test conpound to inhibit

b) hER@tagttigdraidencH odthco sk ¢agpyinda) provi ding a stabl e

eukaryotic cel |l of .claiml; | Ag said cel
) wi FIFAATg 6%53%&8?Rﬂ?%ﬁmﬁégéﬁg%ﬁggg@test current
d) i NdechBhaly i€ tharrest 2pRaiat telucalid th prdainee ot sid gest Coimnd.

test current is reduced in the presence of said test
compound.

3. The method of claim 2, wherein said test current in said cell is compared before

and after contacting said cell with said test (_:ompound.

4. The method of claim 2, wherein said test current in said cell is compared against

a test current in an identical cell in the absence of said test compound.

5.  The method of claim 2, wherein said test current in said cell is compared against
a test current in an identical cell contacted with a compound known to have no hERG- 7

inhibitory effects.



3. The nethod of claim?2, wherein said test current in

said cell is conpared before and after contacting
said cell with said test coﬁ%ound. 15 4. The nethod
of claim2, wherein said test current in said cell is
conpared against a test current in an identical cel
in the absence of said test conpound. 5. The

6.met Hegmethod lodriaim 2, whereisi saidstgstdutient ingaidroeH tis ¢ompragdiagainst
ell 1is .conpared.agaifast 20 test current .in_an o

a ik i ol ety sl danGeter WL anBtoi L Aot lg cxbibit an

wRv e REBEMHPRE Ioibital fects. 12 6. The method of
claim2, wherein said test current in said cell is
conpared against a test current in an identical cel
contacted with a conpound: kprawn to exhibit an
unaccept abl e | evel of hERG i nhi bition.



