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Stable cell lines expressing hERG This invention

relates generally to stable cell lines that express

t he vol tage-gated hERG potassi um channel, and net hods

of using said cells to test conpounds for their

ability to inhibit hERG current: 5 lon channels

constitute a relatively small class of pharnaceuti cal

targets, in part . because ion channel screening assays

have been diffi cul tStille @ell DAY &pRewdidgHERG for hi gh

t hroughput. However, recent advances in

el ect rophysi ol ogy (P.B. 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 rekindled

interest in ion channels as targets for drug

Id: f}ﬁggx Mwerﬁ on rré?a é& %efner iy t%‘ %t E] imefs { Vtﬁexkf)??esg éhe v?ltage—gated

Ih(ETRG: lpaﬂ%hm dlliﬁﬁhﬂlafhﬂr meﬁhods bﬁ asmg eaﬂmm; t@ ekt compounds for their
ventJ sease (D. Onen et al., Drug Disc Wrld

ﬂ%éBER‘ E#Es an i on channel of particul ar

|nterest to the pharmaceutical industry, 15 although

as a safety/toxicology problemrather than a target

for dewehameliconsiitulcat elatively aprlsTRsogf phpercegical targets, in part

:gﬁar 3 ?ﬁ ch e& 8%@9@% gis!qés 4%‘%5 &%&Pﬁiﬁgmﬁf otadéltoen}z{% ?rﬂfjﬁ)rmat for high

hitrRGnot. ddswener.civeen ellvawet i duttephysiololgy (P B. Bennett et al., Trends

%H%%‘f OB L Rt L BB B R2bya1

Ihﬁtr@ Fekdiidleningértdt ihhen bleiacR alsaatictsntoe ldan discdi@sy. e @mber of ion
implicated in 20 el ectrocardi ogram QT interyal

SREMSHgBRCobreantinked do diheritad dascaseys atlimakiRotig sty of ion channel

LU RAIES f&ethg %ﬁﬁlﬁﬁt é T}ngenu%ﬁ ®f @tsgase%b @Q&n%ﬁgl QDMg Disc World
Roden, J . 1-12.; D.

R%QQ?MSNEthNEd (2004) 350 1013 22 ). TdP can be

fatal, and the risk of inducing it has led to

vvithdr-avval and non-approval of pharmaceuti cal

pr od#HHRG iR SnHioghchidnnelughputticelar éeteiesy tofthal phgrmaceutical industry,

candi dat es t,0 det.er,m ne eir possible ef hERG

ARSI a st IR PRy Bl BT = afisl. 75 0P Bgnthg podutators

IGH &7BaGuidahoe R Iﬁdlﬁ&?pbet oabs; J.1. l%dtaﬁ&ﬁrg RKRI, eﬁ%ﬁé&s Pharm Sci
ace concent rati ans, and

%QQIAQ%S)S%%@{ T %rvo{tﬁgeggat@c[.“hggé}”gmawl@ﬁ cpl}aawl contnbutes to the
PRASIYL RPN Refalii8BtHier potassium current (IKr) of the cardiac action

potential. Drug interaction with the hERG potassium channel has been implicated in
electrocardiogram QT interval prolongation and the cardiac arthythmia known as
Torsades de Pointes (“TdP”; see C.E. Chiang and D.M. Roden, J Am Coll Cardiol
(2000) 36(1):1-12.; D.M. Rbden, N Eng J Med (2004) 350:1013-22.). TdP can be fatal,
and the risk of inducing it has led to withdrawal and non-approval of pharmaceutical

products.

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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30 -2 W have now i nvented hERG expressing cell |ines

- that reproducibly forned stable seals with |arge

current anplitudes using standard and aut omat ed patch
clanp set ups. The cell lines_of the invention
produce |1 C50 val ues that are r@presentatlve of those
5 reported in the literature using non-high-throughput
net hods. One aspect of the invention is a stable

e uk ampectidve ne®d ihvéntdhERetexprRsiag Sels lindRimt re@ﬂédu¢151y formed stable
apabl e of exh|b|t|n a test current that varies

with derea serent smnldndes g ganderd and apomated) M‘%}’de‘amp set ups.
r Mg
1000 R, 7708, Bt o o o
teperted b Staratursfustegtrosthigh-trpaghpat methodhi bi t hERG
conductance activity, by contacting a cell of the
invention wth said test conmpound, neasuring a test
cur rent aspedeof decatemionyisiaodtaige eakargand tdll bns that arpresses hERG,

ermning if the test curre in th 0
E?({e§e‘f?@gb18f°ftq’f@ g 2 tohSBuR, i‘sv‘ﬂqsv@u]&i;% thap agpoximately 20%
péaklrrent dnhihl fudb ﬁﬁb@&ﬂfu%l BRI AEIOPVRLRELART e n by
reference in their entirety. 20 DEFIN TIONS Unl ess
otherwi se stated, the following terns used in this
Appl | . b . _ >
P00 AAREERpr P i SRR LA E bRy ofa s
tdm;tqundsto tslkeitlit HERG h:endmmncé iachity rbyamlhtetctiﬂg apqzlﬂa]noifetﬂle invention

"the'

Bt i b et e eume Dndg o iRialpgat condidons,

ghidcdebdratinial ifthytes EcurreNIRINbEET infthé reSerce oftheasd ebigound.
t hat enhances the activity of another conpound or

receptor site. 30 "Antagonist” refers to a conpound

t hat AQigAbRE-30RS citdd iRHEY AR shiSrdfHcborAld hABAT ference in their
conpound or receptor site. The term "drug candi

endfretys to a compound or preparation which is to be

tested for possible effect in the treatnent of a

di sease state in an animal, regardl ess of

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

139 9! (19

in the specification and the appended claims, the singular forms an,” and “the”

include plural referents unless the context clearly dictates otherwise.

“Agonist” refers to a compound that enhances the activity of another compound or

receptor site.

“Antagonist” refers to a compound that diminishes or prevents the action of

another compound or receptor site.

The term “drug candidate” refers to a compound or preparation which is to be
tested for possible effect in the treatment of a disease state in an animal, regardless of

whether said drug candidate has any known biological activity.
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35 whet her said drug candi date has any known

bi ol ogi cal activity. -3- The term "honol ogous" as used
herein refers to a protein that performs substantially

the same function in another subject species and

shares substantial sequence identity, to the extent

that they are recognized in the art as being different
versions of the 5 sane protein, differing primarily

i n t1Be Steei Somdlogdisthad Reyd Hefeih Ottfiels thhus prdtéin that performs
exanpl.e, human ERG . nmpuse ERG _ and rat ERG are all

sebentiahe e KoRe Fetion 1 S108ubisstascics Mgt sypstantial sequence
(RARS, & MPLECH Bat tﬂgjf aﬂe%@d'@?zteﬁ 11’f\‘tlferllr@astt§:§r%e&ffe&ﬂﬁversmns of the

interactions 10 in but are not limted

segom ipsateina ditkgiog Bmmalalrydnt He bpekiss laswhueh ithey arfe,f@md Thus, for
c n§ Ei?sn%ma%r]ﬂ{G Dr'n%&& : sof %{derat Eﬁ@q% ogélﬁgt%q_ﬁlgmtogﬁ%us to each

cond nptom |ca I'on
odef.l |ine" refers to a clone of |mmrtallzed
manmal i an cells. A "stable" 15 cell line is a cell

line that exhibits substantially consistent

char agidilabdri’ GheMed rhdlB&ulé Ghal- interdtd Rviag heafl@ b THO Interactions
A stable cell line within the scope of this invention

mcblﬁlﬁd@% aﬁ: nof lipted ie-i agpnish sposerignanshthe dke.os drfnedieein.
@%@ il 882 HEA :{n%fsﬂﬁ%a%@cgoﬁ1?&{ e%ﬁ'rtﬁ)rtom disorder or
an a out 5

m a current “anpl i tude
indimatiatpout 200 pA, and provide a current anplltude
that does not vary by nore than approxi mately 20% over
one hour 20 under control conditions. The terns
" pr o iermanell ligesSeans ent slonaof usedrthiesdi mamehBiscdls. A “stable”

6 e el s BbeonBiPics SHSHRs oy SR g et et e tme (o2,

ﬁﬁheéaﬁh RISk A gable! deltt Had w'ltﬁlrpmeaécﬁﬁéi OPUhBOEVEMIoR Iprovides a
fusing, 25 transfecting, transformng, or otherw se

mbaﬁgtlﬂg)rap@épm opfcelihthatl axeeeppplif of IP@@VIéinarﬁﬁ@l resistance of greater

?‘%& a¥Bld SPRICHAN at) ﬁu.r&[n? ?%b’g%or %éretﬁaﬁ rﬁA nd provide a

[ nvent| on Wi | rus, u3|
d:urrealt la;dphhnﬁerthatc@ids noarwir)t hg mhork ehanThlmrbzammtely 20% over one hour
" ectro XS(1J | ogi cal measurenents" or "patch clanmp
EF?IHE £ORGRONS 30 to an experimental procedure in
whi ch the voltage potential of part or aII of a cell

g?ng%]g%] ég(g% é%%%%@n tdgg(@lna%{g;a?s useg herem refg% to cafls obtamed 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 ected to one or nore changes in voltage, during
and/ or after which the current passing through the
menbrane is neasured. In the hERG neasurenent
experiment used herein, a cell expressing hERG on its
surface is first voltage clanpéﬁ'at a hol ding 35

AR Sotthaas al¥e ey prentii A sp0 e cOlAY Abiyso) nErG
¥aent atas 2hkeaidel RE &M@Eﬁe@ﬁﬂn@@ﬂhﬁ%ﬁpﬁ&e} a4040ﬁMV( dfesicorrection

pul. se).. hERG_ current neasured as the
(“B@glﬁﬂw%@nbwawe%ﬁthmr%t@?O &en bagppligd WD%]PERG current inhibition

QRE & Qi}dgoﬁiterﬁ\étfoﬁi %ﬁﬁ Kné& HER@B” fmtaééﬁfn'l FhhHep iOPhehdth& during the test

protocol” can be appli ed. ERG current 1 nhibition

pukscand év najed as éﬁeacqﬂmnt”vmm hell heeshHRIB: poreakien, ke test current varies
|

%g?é%%an %ﬁ?%ﬁ% ﬂl %gco'ilg‘g % ﬁ.llﬁﬁ%lgslg%irn%ﬁ?gg%ne%our. The term

“pateln tlaomp, apiphﬂtdsé sefemmrealytlnstameas or Byvitesstablealor conducting such

FRRREn RS ot ob PPN B Spis at B i B TonWorks

Qixaﬁﬂ;yPatBﬁXpmmO(mmﬁﬂylbgﬁesw tabl e for conducti ng
such neasurenents, such as, for exanple, standard

pat ch cl anp, an Ioanrks HT, Ioanrks Quattro,

Pat ch 0 j "
i ncl u?géﬁéntzr%lgr%ggéaﬁ g‘lg? rds. ad bﬁ‘/g Mgngggsym%%gp er of the
ofanirhgia dlassaicheling, dat tioh dhmd:hdng),, Huutans;onon-hmnme grimages such as

. _nhan tes,such nze and
SRR c0 303, TR e 0B Y 5P i RO TR Gcoatte, horses
gladeb| goatt;cmﬂe@nnesa@ﬁésucgnﬁhsls sadld as whishdts, doge sihd G:ats laboratory
anj mal s F ch as rabbits, dogs, and cats; labon?tor

i (A ARy BB S oigy. 4 Baes Prascand i ke: >The term

GLRR died ot ddMdtd dFartib g agbd@ sb€rm  "subj ect” does
not denote a particular age or sex. "Treating" or

"treatnment” of a disease state includes (i) preventing
t he di St e e I :

of ¢ haTHEE, oF  SefmcheCor HMELR0 shilPiokhidet 18 rdfg e discace
state, i.apgaukiag ehip obeidalt symprtomps efl ﬂ@phs&asb Btratetﬂm toidseelee in a subject

te, .but do not er.i ence or, displ S QnE_.

Bl iy o8 cmind e PRP o5 i ey En R b R &Berence or
aispla9 sylmptoms afmesimeage {the; (iavkibhigant dikadehgateli iSeﬁ&ﬁ*ﬁastmg the

3 g o B T S ot b R e disease
EaR 65| QsifE tdiordy SRSk PebsslonSofthé Qise@e state or its clinical

synpt ons.
symptoms.

All patents and publications identified 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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25 Al patents and publications identified herein are

i ncorporated herein by reference in their entirety.

30 GENERAL METHOD The invention provides cell lines

that express hERG and are suitable for use in

aut omat ed, hi gh t hroughput eleéiTophysioIogy assays,

and nethods for using such cells to. screen conpounds

for pbeefeld alingsereE ithini Byemsiop Aeq | dasigred 3dorTrise c#) | planar patch
| . ' [ . j I [ n :
SPERPISSIOLLS, S b OuRg RL JOR P ettt MLRPE] growth in
tshepensiore yT hey diavel hgpnewsed ongysomb like theskogPanks B, planse patch system

h d | ike,th

A5 e 0 Bt 200 280 D S e s GRS Sicfls AR e

used i n other deyices or systems as well. 5 Cell |ines

S STk oy e oS Br R Rt G R b L T 149,
1644 0etA8viRNGerln2@ipaY, Wat EIBLID) And @iz@qg%/g@?}eggﬁcin (Gibeo, Cat

10131-035). Cells are preferably grown at 2C, )
J0ppl-63pnCells avetpnefendiF0@ownrat 360 = 2%WD snpplementad svithrb% CO,, in 50-

[, ke fl -.100 2 . .

b ERBEE 7355 gk S0 PBThR el L Y vt o
pEmkERirfopRhMES Dol BieL ard REpt BBEeah abbut 106 as®itost M° cells/ml.
Expressi on of hERG can be verified by standard

net hods, for exanple by Western blot after cel

| ysi i . d i
y ﬁf;}n%gﬁsﬁéﬁhﬂﬁece‘a R G b¢ @%@a}a Y&hds qugg&gpﬁ by Western

on ce ture conditions. 1 e stability
bbit| aflei el dpvis. bBxrassemsefi hBB Gnegureens tcan daryd dppandingcpmepll culture
QE&BB&K by clanping cells obtained fromthe cel

I'I'ne, "pul sing them and nmeasuring the resulting

currents at a plurality of tinme points. In a stable

cell . line of the inventiqn, the current dpe t, var

by, Pt ey sbest NGt A e R HPO S BHGR Elegaticthod, by
fnfpaip BeilResintbined tdns thd BEAPYiAE, plasiad liNerh e4Hd R@Bsulid@ the resulting
use of a dissociation reagent, such_. ) .

currents at a plurality of time points. In a stable cell line of the invention, the current does

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

greater.

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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as cul ture nedi um suppl enmented with trypsin or
Ver seneTM For suspensi on adapted cells, no
di ssociation reagent is typically required. Cells are
resuspended in the electrophy(%ology recordi ng
solution prior to experlnental 25 HERG current

s .are

FRORAES opbepetfénd RatEh b SR DEeE ol A (sl feompound. The test

Q@mpammisfna?oae ggdde g NEJuRUEP0$ Qﬁncdnl‘rahﬁns? Wirfrogy @ltbéd @sed at a

note the concentration at which the test conpound

imetﬂm@qdh@omeﬂ@t@ur denexayplghdt LBHR 0 ﬂ—lMagggeHM{ angghe like).
£ _

f 08 nél)gmgge %% t 1%a1?)t %htsﬁvéﬁeltn%g%cﬁrtoﬁg%sﬁag%mﬁ %?(;rhiﬁg (fOﬁl%Oh SThe cells

are éxposech thnipe$tand @ujyed nd les@iet dreadih yanchtﬂeudstrrglrrent detected.

iti v and negative control canmpounds, and

g:g)élil Ice}l‘sehgg@%lt@ﬂ fl??ee}sg p H:ﬁsrtkﬁufrgat pIe con31dered to inhibit

nﬁma@@ln@yat diedt @bAdentrigod. PeefBlabBL the(teét cAéht 9RoMYEeE Akainst one

during el ectrophysiol ogi cal 35 neasurenents. Thus, for

X ¢ ontee Wugh mpp by cgHls eHibe invpation pror te agplication of the

P LA, BF S T oS A Ena Al b2 Sjagyple, deived from the

camp oelh delture)endeubjeetdd inpasitpletandior nggatifve control compounds.
concentrations, or may all be used at a predeterm ned
concentration (for exanple, 10 M 20 M 50 M and the

like). Conmpounds are typically dissolved in

el ect r ophysi ol ogi cal record| |ution. The cells 5

are then patch cl anped and as described herein,

and the test current detected. Conpounds that cause a
substantial decrease in test current are considered to

i nhi Bite cel dines at thevinvention arp asefsbfe anevidingmell-surface expression of
ARl A s o OIS RETEEL R ARG v
iscreening osing releotroplgzsmﬂngl' icat ateitlmdso’fhushesmg thetcetl dmpsaorﬁﬂis invention,

Jor Fob ot e ravdgrs ey ane SPhaidiilver el nedip Eae Btpetion with

hBRITD SMethods &ffdtthermﬁ@@i@hl Me el rfok }ﬁgmmungq)ut \JEtebhih¥ of drug
15 The cell lines of the inventjon_are useful

srshdaen gnd eher sompgurdse §oy deleaning Beir Ipferetion agg/rab mpdulation of

VBRI and Qs 38eln @F o Btk PBlcRLAWARESBL Ry Or hi gh
t hroighput hERG activity  screening using

el ectrophysi ol ogi cal nethods. Thus, using the cel
lines of the invention,

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 included 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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one can screen drug candi dates quickly and efficiently

for their possible interaction with hERG Methods of

the invention are useful for high throughput screening

of drug 20 candi dates and ot her, conpounds, to

determ ne their interaction and/or nodul ati on of

hERG and thus an elenent of their potentia

cardi otoxicity. EXAMPLES 25 The foll ow ng

pr ep@latiophwiclogy examiing Sschutiongi foe rbdtlo mﬁhﬂde afid@si®mated patch

ﬁralﬁlﬁ% ?g%tc the 3@@%) IACE ﬁrlf?(e ,Igéq:%?a?h%g,f’f ggsglahirfm and éigma unless

oeeside hsféd}asmb 'KElt(CﬁQP-DBﬁ)SQ Qﬂ@r@toéﬂtﬁs 889? NHERR, (cbm -3784), 5

nerely as being illustrative and representative

Mefletfat Mel 0@&), 15 ATP-Nse éCateti238Darbd r?e\mﬂ@ KOt (Jubidépker, Cat 3143-

6458 0Bt 5 AARISIARE Biesd Bt byl shENact (cat -

6@4@0@0 Heges (QCat113- ]3-78@)5)4 KCE(Cx BxOB41y bATmCaﬁlz BGat 23306), 1 MgCl,

ROV H Y2208 H0 016058kt o o 1, S trtes mclude

RawhPlad®) . (Co0r SOIL0688)  ardh s@@msﬂmngesw@ﬂnbls Khedtributed by
are kept betmeen | 05 and 106 cells/m.

ﬁﬂé@mﬁ IPRY45%81Co88: r ecor di ng sol uti ons for bot h

standard and autonmated patch clanp (PatchXpress 7000A)
include Internal Buffer (in MM from Si gna unl ess

ot heEwo@ephwic‘é@gy Modagepulseprotpeds holdingsp@enial (vast-80 mV, leak

ereiA9n s KRBl i RO3 e et MU 1oy By 000 e
BaltY (peatisd)] didd 609 mSﬁhBﬂO&ilVEteﬁf pulsd)i hERM cufrestinwvas measured as
s i o 55 B 5ulSe) bt redahet Gapmeryion i lelgiten.

(Cat C 3306), 1 l\/gdz (Cat M1028), pHto 7.4 with

HCL Q T. Baker Cat 5619-02). Patch Substrates include
Pat ¢ HRb &fwee (ieperation and SHESEYS: anencsaERtEH§§apase curves are fitted in

ﬁ%céefq{ @Hr&bﬁ '3K)1Ddl'3$)t Mtﬁ%@ %*&V Paﬂpa%réi@l E&é‘fétﬁ:ﬁl &)\ﬂ e &6 Sigmoidal

Corp. El'ectrophysiology: Voltage se protoco
Pobeli Rgsmosee niviodel, wEguat®d 05 | Eraktionalibmhibdtidno NIs@asend/ Icontor) =

g@ 'P[gl(j%g %f/ﬂfg) m,lol(ljergsle ulil'}e%? lt(950 T cOncer%lrzlt%\ﬁ\egf compound‘

required to inhibit current by 50% and ny 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-K 1 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
fluorescence protein expression. These levels remained stable over multiple generations;

genomic DNA blotting verified that a single chromosomal integration event had
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20 mV (prepul se), and 500-nsec at -40 nV (test pul se).
hERG current was neasured as 15 the peak (beginning
of the test pulse) at -40 nV after correction with

| eak current. 1C50 Curve Generat%i on and Statistics:
Concentration-response curves are fitted in Excel Fit

T &, Qi aBPRCRES RO RBRre TgCT ST ggssette was

E’ﬁbﬁé tuenilgl recoibided 1ot (Hi€ ecmsiendidCant vyl CRE &Qom‘omase mediated
I+ ound] /1 C50), where | is current, 1C50 is th
E? T ABF S?P'%ﬁt IECORYIRANAD SRR Selgcted) GHheell eloges W%Yenﬁed by

%Qr/ Qﬁ"ﬂ’uére&&ﬁcé’"ﬂ lse @i tfzgv }@%ﬁ) luc%'éssﬁll genomic
&sC

1 ne expreSS| ng hE CHO K1
D& PﬁPabmyg exproasd prigeh i@hteldenéht pwmqtﬁ:rcamdla mEﬂ@ primer in

@Efaoﬂgﬁbgg#?s THARRLR Br?%n E’ hé’ﬁ’{’sﬁqele'éh&?tof ‘.%"Jgﬂh&}’ Bens ﬁlelded 16

s were rans enco
aldnedkhap satinficd rthe:yrmirefthm ropiseTiag (Ihese clones were scaled up and analyzed

r ot ei n-| 30 resistanc rker) ..

o alon R PARIRY b reMERIPloT pa hERG 1og el ggtivity on the
TtvBork® Nigbtuhént. ORE rERANMBE ell NEnEWEPIPNREIBY BRRG "IK}#’I” was
cyan fluorescence protein ORF, and one at the 3'-end

Pbaeﬁ@rﬂy@dmfy@ tonsrpwal 1 usRE@Sions B ANtk WEPIEes sHitaeeyas prepared

I t 0
85 M EECSLAE o Sy B0t L 01 DN PBSS025 moin G,
fﬂhmmwaegm\m for a4é»r§3rzmslsmanhed "ﬁhbss;ty ef/atogt il@ nedllsddnl. It was

gl{l chlﬁlﬁov r? 2}1‘511@&:{) ;{ﬁt GS rg?] 2 ge own%llA']Z hrs, to reach a

|dem@|ro§té g?)dsellev et Tlliiadllﬁ@@utrmmfzr \#T(s(rbpea&ld fog; times, at which point the
- ci.n r Si st ance narkKer - (0)¢ ca
BB e rosa ot 2o e S Bisetsom ety Thioe e L@ cfelox hERG

luCver) by CREpIsREP DI APSE HRFI %@%roﬁﬁ@ﬂ@@g%e ﬁ%ﬁapest Treaty under
Correct reconbi nati on event in sel ected CHO ce

erespEen abgdt 46812 py June)223B8@hce of cyan

fluorescence, ii) sensitivity to hygronycin and iii)
successful genomc 5 DNA PCR using a forward prinmer
| ocated in the CW pronoter and a reverse prinmer in

the hERG ORF. Transfecti o&%iequent sel ecti on of

5 mllion cells yielded 1 that satisfied the

above three criterEaludthase celloagsessipgthERG@l ed up and
anal yzed for expression of hERG protein by western

bl ot and hERG i on channel activity on the |onworks

i nst AU'@IE&E ti6h Coff ﬁx%%&l! rl&hecﬁkl!n | ihRejonWidtd a1 el BXritEE® has been
UGHT", was 10 subseq}; ada ted to growth in

doapmeantadofl. Guthtiajet ash feuHigh Broeghpyt Blsstrephysiology
in Cardiac Safety: Generating a Novel hERG Cell Line and Screening Early with

TonWorks 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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by diluting cells to 0.75 mlIlion/m in Ex-cell 301
medium 5% FBS, 0.25 ng/m (418. This culture was

. growmn for 24 hrs, and reached a density of about 106

ceIIs/ mM. It was then diluted to 0.2 mllion cells
in fresh nmedium and groww fTor 72 hrs, to reach a

?222?&%& 2 B GkTof iy ERIR S S 305 Pt of

00 plad er &1, ekd Phte Guéss dedle Between GUb t 0@ MhSendedrbater than 80%
l'ine (CHO crel ox hERG UGH7) was deposited to AT

@N@F@H SPPF@SSFfP]dW@ﬂ’@ﬂ% agfl wasshpiradp &g userk i dhg copynd library screen.
ygﬂqgg e Er o
2 Ev aI uat 1 on ‘of EJ%Ye% LereBiiba ‘fd’nﬁmﬁ@ﬂRégQngigo%stE%ﬁNﬁhﬁublted

S expressing scription
é0% bEhEB( curient afier ng0tud doamwndi@pphtahnst (Comemndaa?som several
docunent d H Quthrie ‘A Pl a
PERty SRECRR, B8 o cerdhe SbipBioy St st iy ool lock e
Shirmicls: wﬁ?ﬁﬂ etidiet rgy emﬂ&ar&lpahﬁ%aﬁﬁl hlthdugh thél@xpenments here were

Scr.eeni wth [|on " JBio n|n
@%@@eﬂn@c@de breg FOmROYRY @5%% Vet Hﬁp%rﬂg%ee?fic well plates and each
Wk e e, Rafe B@jfbﬁﬁ%t&&%&dn@%hﬁ&ﬁ@& dﬂ&ta%eéeﬁ%mpound was tested

docunent ed: o and Quthri e The Rol e of

Aeprdivpased) tF_hZéltﬁ the gR¢-aveadl RagshPlae, the g%@ormcmﬂcsmgé%p@m screen was

P,
bl 9k bl hgybidB0; ORE Al 8 £ X Ehi1 3B took appropimately 40
infERGAnAG1taly ie&qh c@pordd Wheussd in ¢ighteP GeliPlateelvells, lgeRGally allowing
7 _exhi bi te t. | itude of 800. pA,
ool ey e Sy eEP B L Bl e B s i
and greater than 80% overall successful recordings,

and was, chosen to be used in the conpound |ibrary
scr e RTINS Th B&CHl Farhe QOBBAHBLRISCRIEIIEN JKaSewHen oY éwme g ensure a

SR RNE ﬁ{ﬁﬁgéfl'rlqsce‘ﬂ@' QP dAtd Pobt! e Feddndilsy e@@:ells Was necessary

current after a g cornpound appl i catl on mpounds
bewsmires eﬂ@paﬂlanalphm scuscase rate.uBlat 1§ drpastiblesorhase a raegeein n values

\%fﬁlen\rq‘ag? E%I:%Ee%l ?by S Cglﬁ a{{r% pat B%p g{:ag%,a&gﬁ%ﬁo%ﬂgﬁée%lso important
bxqaess ofodlbtohellevaniabiity petifimanet! Iblei Fi@dl shomeevariability observed
grgtgﬁ ik %I—Pé) al crefox RERG UEF ec%lloﬂng%v\grelxlmg le?ctpgﬁmgntal days (non-
consecutive). During this time, after the initial cell line evaluation, this cell line produced
an average current amplitude of 650 pA, which was reduced from the 800 pA observed in
the cell line evaluation phase of this study. Current stability was high and approached
90%. While replicates used in these experiments may have increased our screening time,
sufficient data was produced within the screening time designated. With the new
IonWorks Quattro, a technology incorporating Population Patch Clamp™ technology
(increased number of recording holes in the PatchPlate well), the redundancy practiced

here will be eliminated.

At 30 uM, 160 compounds blocked hERG current > 50 %. The 160 compounds so
identified were re-screened using an eight-point concentration-response with the
IonWorks HT system. Five drugs were screened per run, along with positive
(haloperidol) and negative (PBS with 0.1% DMSO) controls. The average haloperidol
IC50 generated with TonWorks HT was 0.74 + 0.36 pM (from 31 experiments). Historic
standard patch clamp data for hatoperidol collected at 37°C with a different cell line
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was run twice, with approxi mately 90 conpounds per

pl ate (each conmpound was tested 10 four tines).
Utilizing the 384-well PatchPlate, the 300 conpound

si ngl e-poi nt screen was conpl bed in one eight-hour
day. One run using a conpound g ate took approxi mately

40, m In total onpou used iLn eight
pafeh é&%{@tm@megmeg ek 1%911&%6#%0%%{3&%&9 Of2cuM. The 160

BFhpBINcr&Ma66R Fividag€td Sorhpldfean e hﬂﬁﬁ@lwﬁhalt (ﬂﬁc&ﬁﬁtmn tested in
concentration. 15 During the screen, each conpound

défethPlin vells. Rapredoustndiscusspds ﬁletrgd@dm)@naompound testing was to
r%iei%én gg%@% no?ﬁ%glleé%?z{tﬁgﬁnltsswgl%rprg&ﬁc%d Ry 'bﬂfl% cglli]f?dence °in the data set.

S Was ‘necessary becau
e degar sethiriginaying rireo (mleqsoyeai was Fdhecsed ﬁ)rlﬁlrtbﬂswabiaaon since all

to havear in,n fro eto ht
i iR SGeied A S Btea bl i e dfithny B nistoric pateh
Icl'@ﬁf aamtand m@fwua@ 10T daed efeOpddfivilyvedrtcadibd ($peahadi B 0.53, p <

acell Iine. FIG 1 shows variability observed 20 wth

@H@”rl}@r@mmés( theemsldgdyy hERQG 1Gsp Né‘ué\?ew phen lonWorks HT had an

L SERL A AR B A 2E oy R i st

%ﬁln'lp Whings RieRd H&iﬁﬂ:tedaﬁn@éfeél@ﬁﬁy Q!ﬂﬂfér@xﬂt e drs Udlung whole cell
650 _pA, which was reduced fromthe 800 pA observed I'n

- corfigisation GVﬁ@u%qurateﬁmttha\gétam ptﬂﬁf: prajeqpdyrecqadingespiutions, cell

b c
?%%I(%g?ggﬁﬂﬁég!&% la"hese exp r?ﬁg %ﬂé& W&g&ga Some compounds
lapmamlsted)edass seergenikin thet Ton, orI%H%‘Lsfyﬁteml, end adew &vemslightly more

BRIt B TSR bS53 AR e

Popul ati on Patch CIainNItechnoIogy (|ncreased nunber
of recarding holes in the PatchPl ate well

r edurti c@epws%ﬁtqt dawentior, kasypgen drscrahgdnv t@éererw tey the specific
3918%1&% &@1@99 Updaoll Ak athchdeddd 69 iidRBskilledlinYhe Té?lethat various

onpounds so identified were Te-screened using a

ehajiges poy he madn ead equivilents maydesybstitpted witheut dﬂpml@m the true

i e LR 8505 S0 SO0 R0 e o s

a pﬁ%c%@tuatmm makeial, Hompawitioagd nrteagaocas)| protdSS6tep or steps, to

rated wi.th | onWor ks was 0..74 +. 0.3 f.rom .
B R, Syt p€ ABre obahe PRRRent; vepkionh AL st igibiations are
flﬂéndiéakcoﬁeﬁdtﬁﬂth@@é P%T% M4im3 Gpatided haretli. T f erent cel |
line -10- under different experinental conditions '
varied fromO0.025 to 0.12 M The 160 conpound screen
took five days to conplete with an individual
concentration tested in.
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16 PatchPlate wells. As previously discussed, the
redundancy in conpound testing was to ensure a |arge
nunber of data points were produced to build
confidence in the data set qge data set originating
from one project was selected‘# r further evaluation
since all conmpounds in this, subset had been tested by
standard patch clanp. The hi’d#8i ¢ patch clanp data
and | onWrks HT data were positively correl at ed
Spearman r = ounds t hat

5/1 el Qetable ﬁ@ﬁefqt%@lkﬂmm@abemessrsr\kgﬁGr e\ RS ts T vaTiadon in test
%ﬁﬁ%%g@aﬁ% qgllagr [rghcochldﬂ | C50 val ue of 20.2 +
e stan patc O cl anp val ues were

col l ected under slightly different conditions

bt c K5 SRR L oopPRralti SRl of LRI R THEGRTISH, arce

PENAL681D] sréts(febien FREvativ@pedaatenident6.37C) , and anal yS| s
nmet hods. Sone conpounds appeared to be | ess potent
wth the | onWwrks HT system and a few even slightly

go I eThPdIEIMe of INBVE rconﬁlglﬁlglaééﬁé'rﬁgﬁ v bEAGC(ab RS SQQ QroittJ‘progeny,

roups showed no statistic difference. 15 Wi
reglnes, Prdespernidentshas been described with reference to
the specific enbodinents thereof, it should be
understood by those skilled in the art that various
d¢hanjescthey forederemtenmgothe gibilitplofrat estnegmreind ubsibhibitt IR G, said
gpaut de artlng fromthe true spirit and scope of
P ﬁ%ﬂf‘ In addition, many nodifications may be

m)ad eplbﬁldﬂféaé)hta% akpgblié gell aat Skiirbaibd ARR Gaideddhalits a variation in
osition of matt er, process, process step or ste S,

fegt Cormeat %@Feéh@v%%mnrsuﬁceaﬂae %%@Mﬁwl%abn@geﬁenents in a patch
s\lﬁﬁﬁ%b& &&er%lﬂﬁ?ol"@%ﬂﬂlfhbﬁ@t ions are intended to be

ih t e scope of the clarnms appended hereto. -11-
@) ai epaitacting seid celbétheukdcgmppendsel | |ine that

Xpr xh| variation i test
@hrﬂgﬁégg?ggggggrﬁ Hﬁ%&”@i erpé@ﬁﬁ}%@ condltlons 5
@ Tdeternghihg ifithe teaf ciztent Mraduced sihs prazgneessfaniditedt lcpmpdund.

CHO crel ox- hERG UG#7, ATCC PTA-6812, or its progeny,
derivatives, or descendants. 3. The cell line of claim

4, CDKShsthbd Of ERSAM Whdrkih afd ATty dtitledll Rimprisés CHO crelox-
rogeny,
FERG UCH7 (ATCC PTA-6812).

6.  The method of claim 4, wherein said test current in said cell is compared before

and after contacting said cell with said test compound.

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

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

8. The method of claim 4, wherein said test current in said cell is compared against a
test current in a substantially identical cell contacted with a compound known to have no
hER G-inhibitory effects.



10 derivatives, or descendants. 4. A nethod for
determning the ability of a test conpound to inhibit
hERG said nethod conprising: a) providing a stable
eukaryotic cell that expresses HERG and exhibits a
variation in 15 test current &f less than 20% on
~successi ve el ectrophysi ol ogi cal neasurenents in a
patch clanp apparatus under control conditions; b)

ooNt gk ngh&RdclSie] 4, Whdrbinatdasdt cﬁﬂBﬁIQH REEd @l is compared against a
neasurlng a test current. in a patch clanp apparatus;

37R8 ceryerddp érSHbfiwIH@llVﬂdftlmaltC@Htcoe@mé ith & cwem@dmown to exhibit
%?%MF ﬁ?ﬁﬁmﬁ o?ﬁEﬂGHﬁ&Bﬂ& mpound. 20 5. The nethod
ere

I'n said stabl e eukaryotic cel
conpri ses CHO crel ox- hERG UG#t7 (ATCC PTA-6812). 6.

The method of claim4, whergin,said test current in

said cell is conpared before 25 and after contacting
said cell with said test conmpound. 7. The method of
claim4, wherein said test current in said cell is
conpared against a test current in a substantially
identical cell in the absence of said test conpound.
30 8. The nethod of claim4, wherein said test current
in said cell is conpared against a test current in a

substantially identical cell contacted with a conpound -
known to have no hERG inhibitory effects. 35 -12- 9.
The nmethod of claim4, wherein said test current in
said cell is conpared against a test current in a
substantially identical cell contacted with a conpound
known to exhibit an unacceptable |Ievel of hERG

i nhi bition.



