WO 03/016917 PCT/ GB02/03852 1 SODI UM CHANNEL REGULATORS AND MODULATORS
Field of the Invention 5 The present invention relates generally to nethods
and mat erwelos/oi@n7 use in regulating or nodul ati ng vol t agecyatpad/odésy
channel s (VGSCs). Background of the Invention io VGSCs are transnenbrane
proteins responsi ble for bestowi ng electrical excitability wupon alnost all
exci tabl e nenbranes. The pore is gated by depolarization of the cell
menbrane, transiently all ow ng ions to enter into the cell, and
generating the upddPHGYOEHANN uSd’ PRYIANDMODVEATARS vati on, VGSCs
undergo inactivation, limting th duration, and all ow ng
rapi d nenbrane repolarization 15 followed by a return to the resting state.
Al |l known VERES ofRiTavéntigimar kable functional simlarities and this is
reflected in a high degree of am no-acid sequence honol ogy. However,
natural toxins are known to discrimnate well between Na+ channel

subtypes. F exanple, tetrodotoxin (TTX) fromithe Puffer fish, can
sel ecti-vel yﬁ%‘l3 BIERTE hiens rega(f%esrgeeaprgﬂép:o Yededs apd wptqgpls Toris Abreghlating

concentrati, 1‘{@@‘6 + remai n unbl ocked by the
t oxi n at m%ﬁ%‘iﬂgtrl céﬁgiﬁﬁgﬁaog@%gﬁg{s}ggn uronal VGSCs that are
TTX-insensitive or resistant (TTX- R) are found in the peripheral nervous
system and_are exclusively associated with nerves involved in the
transni ssi oR2ekergund of thedugentiomopi an et al (1999) "The

t et rodot oxi n-resi stant sodi um channel SNS pl-ays a specialised role in pain
25 pat hways". Nature Neuroscience 2, 541-548). WD 97/01577 (University

Col | ege1d ONYGIRCslaed BiBmehtbraneRV@lns tesPorsiABTabedowing didetritA1seaisblliye VGSC
from mamual i an sensory neurons (which has been designated Nav 1.53/. us
6184349 ( Sywradmaptadl axedably/ceabramthd headiaingeted hislepdoriruion of theade§o known

as SNS or PN3).is expressed,.excluysively in smal] dianeter sensory neurones
that  cor r esPoiirg MEERIEANFSiRe 5k dotstp pRPE Mo Chlle Henat el T vo
03/ 016917 P@E/vx@@@f ABReén pgtential. Following activation, VGSCs undergo inactivation,

limiting the action potential duration, and allowing rapid membrane repolarization

15  followed by a return to the resting state. All known VGSCs exhibit remarkable
functional similarities and this is reflected in a high degree of amino-acid sequence
homology. However, natural toxins are known to discriminate well between Na*
channel subtypes. For example, tetrodotoxin (TTX) from the Puffer fish, can
selectively block subtypes of neuronal VGSCs at single nanomolar concentrations,

20  whereas other neuronal VGSCs remain unblocked by the toxin at micromolar
concentrations. These neuronal VGSCs that are TTX-insensitive or resistant (TTX-
R) are found in the peripheral nervous system, and are exclusively associated with
nerves involved in the transmission of pain (see e.g. Akopiaﬁ et al (1999) “The
tetrodotoxin-resistant sodium channel SNS plays a specialised role in pain

25 pathwayé”. Nature Neuroscience 2, 541-548).

WO 97/01577 (University College London) relates to a novel 1,957 amino acid
TTX-insensitive VGSC from mammalian sensory neurons (which has been
designated Nav 1.8). US 6184349 (Syntex) discusses VGSCs. The sodium channel

30  Navl.8 (also known as SNS or PN3) is expressed exclusively in small diameter

sensory neurones that correspond to Ad or C-fibre nociceptors, which are the cells



that transmt pain signals. One key feature of Navl.8 pharnmacology is its
resi stance to high concentrations of tetrodotoxin (TTX), which bl ocks nost
ot her sodwomB/oodsannel s. Evidence for a role of Navl.8 in parGcreyssskl i ng
cones largely fromknock out mce and from studies where the channel is
downregul ated with antisense 5 oligonucl eotides. These experinents suggest
that Navl.8 is |rrportant i n nodel s of ?nflamratory neur opat hi ¢ and

vi scer al pal . . Navl SNS2) s alsp fou si ve in sensor neur ones
Uhat s, gnat datARSaDRiS Slars DR EndBatie R shermbcstogys i BSMahet o
channel SuggeRipncBlenthidii d?ocftrvdgg%sdnvgetx)nwhﬂcﬁ b@c?‘c@@hﬁ%f MeoaRipragat i on of

action potenti I's I nv efting the [evel of excitability of
the cell. ToerimelssEeiMenterfora tdiabf Kyl dinepaissigmailing tometlergdMiod knwdki ch i n
turn increases neuronal excitability and nmakes the cell nore likel'y to
fire. Thereopsmigssndifioprstudigs wheredhd dhanpelynieruprasilatss Wigantisense pai n

g}) g? lr Isbull? IUE)H Igc\)/r?urlleortlﬁ dsf tf'pgste e?;BenAl&lté Q%lggs% Itllxat "N%@l %qg 1 gﬁ%an’t ﬁ;lrggdels of

ei'n producin

hyper - react hm&mg@gogh@bgghwahhvmm@m onic pain states. Nav 1.3 is found
in brains of adult animals and is sensitive to TTX. There is normally no

Navl .3 in sensory neurones, but ‘after nerve damage, levels are upregulated
massi vel y. i.dence for |nv venment o .3 1in
bai . but 260 R0 s LT U SPES b it SRS nac i ¢
mi ght pl ay alsr)%s%starﬁ fo TAOSHL ngfdpenle%fﬂﬁ@%aﬂér QigeeRFA 1Sk HB‘talh%lvéHlﬂq is a
menber of the S 1 famly s cal ci um bi ndi ng protelns pll is also

known asoan lgerxaratidri orI propegatihaofgctibn patentidls butlis inviobylet! irc bedfig the ddvphaf i n |

l'ight chain, 42C, or 100 rel ated protein, and these ns may be used
i nter change&K9i{RbHEY @Eﬂw CF}? Therg isexisgnes that:CpatFias 9%4°tlé’%‘iell\ia @p&’lhé%el y or

h f p36,
2o Known L P REEL A R il SRTRASS SlcfpoReRbES 87 P

pll. The assgdimti itdedte fkr idvoldentenpSONAE . CaZphin maagletdeatveants figlctiohi gh
affinity, and binding of pll to p36 strongly enhances 36 s ability to
bundl e F 30imdicall axm? theirastripfed distributippdt mﬂ%pw @tm@mo ig prosgingZBe at t he
cytoplasm c,surfac rane in_ the subnmenbranous

cyt oskel@t oHYP%HHa‘i%tV“Vé@ﬁ’é‘é%s‘@d%&%c(?%F’os?é%sl7 PCT/ GB02/ 03852 3

Nav 1.3 is found in braihs of adult animals and is sensitive ‘to TTX. There is normally

no Navl.3 in sensory neurones, but after nerve damage, levels are upregulated '

massively. Again there is no direct evidence for involvement of Nav1.3 in pain, but
20 the selective upregulation after nerve injury suggests that it might play a role in

transmission of neuropathic pain signals.

pll is a member of the S-100 family small calcium binding proteins. p11 is also

known as annexin-II light chain, lipocortin-II light chain, calpactin I light chain, 42C,
25  or S-100 related protein, and these terms may be used interchangeably herein. It is

present in a variety of cells separately or as a heterotetramer. The heterotetramer is

composed of two copies of p36, also known as annexin-II or calpactin-I heavy chain,

and two copies of p11. The association of p11 with p36 is Ca**-independent and of

high affinity, and binding of p11 to p36 strongly enhances p36’s ability to bundle F-
30 actin. Within the kcell, the heterotetramer is localized at the cytoplasmic surface of

the plasma membrane in the submembranous cytoskeleton, and it is suggested that



the conplex may play a role in nenbrane trafficking events such as
exocytosis, endocytosis and cell-cell adhesion. It is also known that pll
is a strowmgosub®iTate for tyrosine kinase pp60src and it eCprcmphsssyl ati on
is a negative nodulator of tetramerization and protein function. 5 Summary
of the Invention The present invention derived fromthe I'nventors' finding
that the pl 1 protein is involved in the functional expression of voltage
gated sodi'um channels (VGSCs). 10 The present invention provides screening
met hods f orthe kempitemnayf plent rde inmhembrape tratfcking evientssacleagxiorgosis, nodul at i ng
VGSCs. I n one aspect there is. provigded met hod, of. .identifying a.nodul ator
of & vase, RHPERbRS RO IRILAREEEY 15 lpf igrm e Pl asHbhe steRel s o1
pepti de an - .51 ﬁH%k%y i L d d and the pl 1
pepti de argwgg%gﬁ%%ﬁggy?ggﬁfng a1K§@R€gﬁ%?£§%?%gﬁﬁgngg§g¥§§§%f t he test
conpound; attafiblizateasud prageiafumtibhyvi ty of the VGSC, wherein a change in
the activity of the VGSC relative to the activity in the absence of the
test corfpound indicates that the test conpound is a nodul ator of said
VGSC. 20 Thg _inventi.on I r provides a nethod of enhancing the

functi onal %P’eagioggheoin%ﬁhﬁg%l t age gated sodi um channel (VGSC) in a cell
whi ch nethod conprises the step of increasing the |evel of pll in the

cell. The present invention also provides a host cell caEabIe'of expressi ng
a VGSC and %he pBsqnt inveation dirivied drosi the dayentovedmdangithet the 2 Hppetein ipept i de i s
expressed from one or r e .het eral ogous, expressi on vectors. wdhiin said

colT S Such BVRbSE mgE R HEREsRor Fhv s BEE Sy FRrRLS I hhe

i nventipn. ! ' idRt Qe GOMBALRE the identfichiiegops putative
nndulat%?s g$§%%§%ﬁﬂ%gﬁgg?#§?%y by the screening &éthoéglofothe i nvention.
Such conpoucsspdsmys béidisee cipabletdf endduding®idSCr. Idiono rsfecsthetsiis hravided| ve

VGSCs. The invention_ therefore provides WO 03 ,0%69 7 PCT/ GB02/ 03852 4 the
use of a coﬁﬁ@ﬂmqfd@ﬁﬁﬁlpéawuﬁt%rcﬂfée\fﬁ}%%’@ S COHPTISE ent i on i n the

(a) bringing into contact a VGSC, a p11 peptide and a test compound under
conditions where the VGSC and the p11 peptide are capable of forming a
15 complex in the_absence of the test compound; and
(b)  measuring an activity of the VGSC, wherein a change in the activity of the
VGSC relative to the activity in the absence of the test compouhd indicates

that the test compound is a modulator of said VGSC.

20  The invention further provides a method of enhancing the functional expression of a
voltage gated sodium channel (VGSC) in a cell which method comprises the step of

increasing the level of p11 in the cell.

The present invention also provides a host cell capable of expressing a VGSC and a
25  pll peptide wherein said VGSC and/or said p11 peptide is expressed from one or
more heterologous expression vectors within said cell. Such a host cell may be used

in the screening methods of the invention.

The invention also provides compounds identified as putative modulators of VGSC
30  activity Ey the screening methods of the invention. Such compounds may be used in

the treatment or disorders which involve VGSCs. The invention therefore provides



manuf acture of a medi canent for nodul ating the functional expression of a
vol tage gated sodium channel. Al so provided is a nethod of treating a

di sorder wp oson@iti on associated with the activity of a PortGRye/ossst ed

sodi um channel , said nethod s conprising adm nistering to an individual in
need thereof a conmpound identified by a screening nethod of the invention.
Also within the scope of the invention are nethods of decreasing VGSC
activity or functional expression by decreasing the levels of pl 1. The
present i nvhausool d@mjrendfidmefipd by b desenihg megwdofl teainvertiopiin e of pl 1
activity or expression in_the nuf acture of a.nmedi canent for dul atin
the functi JRaMUIaSIHeod gjmgdicament %Inﬂ tmgé]?"e%‘n%%agﬁ’fﬁfﬁ%}ﬂ?eqf.av 8% provi ged
s a methody alq ddaah bhfhel, SARELARas & AIkHIY FheaftRSR A1 R oMokt
activity of®a voltage gated sodi um channel, said method conpri sing

adm ni st er i figodigted@vithnbl ¥dtilitglof b Fohgrtatddesdnin amnhelhidid irethodf pl |
activity 1is or expression. The invention also provides isolated peptides
deri ved 5 r cepnVES@e admeinisteringp pr mdivdmab in Beedith@cefia swanavnd ddentifisd &éa in

bi ndi ng bet ween.thestﬁ &\/\g rioteeidng. There is therefore provided a peptide
conpri si ng SEEPERIPCIEC oty T8ue™ ani no acids of. (a) the 20 sequence from
amno acid 75 to amno acid 102 of SEQ ID NO 2, or (b) a sequence having

at | east 65% am no acid sequence identity to (a); wherein said peptide is
capabl e of Apeocvithic tiel sgops eitthe pvanipanlarp epsthode ofderreasinge¥eSERaAvVINOOD ami no
acids in length. There.is also provided. a ti-de conpr. si at | east 10
cont i guous g’#ﬂ’i‘ﬁlal Qﬂ?ra@oalfsby ‘ike&ﬁea?lﬁg ﬂ?ﬂ&ﬁéﬁ@gﬁfqr %em%{lgg?rgg% to am no
acid 77 of -1, B ENG&iBAVdrahREsibeasthe 70% am no
aci d se:houen@g%ﬁ%fgﬁgﬁl?/e%t%& %e@a&h%gﬁtoﬁ%ggi d S}e?%t irdepi sSlcapab?e of

speci fi cal | mahifacturepfa nelitagmt datrmcidatiguhe finatiorell exprdssian dfasoltaghan 80

amno acids in length, Brief Description of the Drawings ., 30 Figure 1A
Hi gh. t hr esheater sopidip ebaneh ndlsrprovadadsis amatldntdeating 8 fiseTdes Premdiionno

03/ 016917 PCT| GHORL0RAR2 10 F0RAe 6L i B LERASRAAN W L1 GoP-p

comprising administering to an individual in need thereof an inhibitor of p11 activity
15  Or expression.
The invention also provides isolated peptides derived from VGSCs and p11 which
comprise the amino acids involved in binding between these two proteins. There is
therefore provided a peptide comprising at least 10 contiguous amino acids of: (a) the
20  sequence from amino acid 75 to amino acid 102 of SEQ ID NO: 2, or (b) a sequence
having at least 65% amino acid sequence identity to (a); wherein said peptide is
capable of specifically binding a p11 peptide and is less than 1000 amino acids in
length. There is also provided a peptide comprising at least 10 contiguous amino
acids of: (a) the sequence from amino acid 33 to amino acid 77 of SEQ ID NO: 4, or
25 (b) a}sequence having at least 70% amino acid sequence identity to (a); wherein said
peptide is capable of specifically binding a voltage gated sodium channel and is less

than 80 amino acids in length.

Brief Description of the Drawings

30

Figure 1A:  High threshold TTX-resistant Na* current recorded from fluorescent



current has characteristically slow kinetics, and inward current is

abol i shed by renoving extracellular Na+ ions. Pul se protocol is shown
above. s Wogane9lB: Average current (I/1max) - vol tage (E®RCTrGBoawss52shi p
for the Nat current i.n CHO SNS22 cells (n-5). The threshold for activation
is close to -5nV and the current peaks at +40nV. Figure 2: pll antisense
MRNA expression in DRG neurons caused g8 loss of Navl.8 10 current density.
The hi stogram shows cell number against |og[current density] for control
and cDNA- i (jHEG{SNE20esloater thhibetidnawsh GFRer-li )Nt epressdon vastorcdal s; grey -
bars = GFP-injected cells;. Black bars = pl . 1 antisense a P-injected

cel I's. Twocurrenthesichaspriersigally slewkigeges.ahd H}VQ%EEW?I&H all?@ﬁdg%:% o{‘ neur ons
injected with GFP_ e 0N, VEec ti sense nRNA

expr essi on "VBRY'88 e)étﬁ%%mggﬁigggllo}éﬁi%@%eaﬁtﬂ {O;églglgg?%;?ﬁ%i\lavl .8 current (P <
0.02, Student's two-tailed t-test). Brief Description of the Sequences SEQ
IDNO 1 is the DNA sequence of the rat Nav 1.8 receptor gene,and SEQ ID
20 NO 2 i Figire 1Bni nohercdgs cveguidite.) tigltage (Feh edeionshipdeste Neqteidés are

B7s The DRRCEaRRee S (oY T BREi0gden iR A e s Y e 4R i mo
aci d sequeg;ag:*reltl bid 4t @pgpdes. These sequences are publicly available from

GenBank under accessi on number J03627. 25 SEQ ID NO 5 is the DNA seguence
of the human Nav 1.8 receptor gene and SEQ ID NGO 6 is the amno acid

sequence that ‘it encodes. These sequences ubl i cl avai | abl rom
GenBank undégugde @dd i%ﬁsw‘%ﬁﬁﬁf?@@ﬂ mé%? P%“ﬂ@f Ca?)é?dsa %%Oﬁﬁﬁséquence

of the human ggntlééngig)ﬂ%@ﬁsé lrJrHﬂIcheﬁ n|.u§1|b%1 airRMoBRuBEhitcpsBHgnce that it

encodes? THEEE seqlierices are~p cl’y aval e from 30 GenBark under

accessi on nRBEr aINI0R 6B cte N34 1WAk bREH 1(BBERje0B8 Santrd celaigadyl ed
Description of the Invention The present inventiagn relates, generally to

screeni ng rersvo @& Privjectddeccllaidtadkt hasnt pbh al@iisenmﬁlﬂ&ﬂ’d@%. & ofvo-
regulating of {Dgul 3l i 0 1 e 18R GNAen SR LERIASH iRfecRE Wit GFP
expression vector only and p11 antisense mRNA expression vector showed

15  significant reduction in Nav1.8 current (P <0.02, Student’s two-tailed t-test).
Brief Description of the Sequences

SEQID NO: 1 is the DNA sequence of the rat Nav 1.8 receptor gene and SEQ ID

20 NO: 2 is the amino acid sequence that it encodes. These‘ sequences are publicly
available from GenBank under accession number X92184.

SEQ ID NO: 3 is the DNA sequence of the rat p11 gene and SEQ ID NO: 4 is the
amino acid sequence that it encodes. These sequences are publicly available from
GenBank under accession number J03627. ‘

25 SEQ ID NO: 5 is the DNA sequence of the human Nav 1.8 receptor gene and SEQ
ID NO: 6 is the amino acid sequence that it encodes. These sequences are publicly
available from GenBank under accession number AF117907.

SEQ ID NO: 7 is the DNA sequence of the human p11 gene and SEQ ID NO: 8 is the
amino acid sequence that it encodes. These sequences are publicly available from

30  GenBank under accession number NM_002966.



5 channel s. Al so provided are nethods wherein such conpounds are used in
the treatnent of conditions associated with sodi um channel function, for
exanpl e iwoOtoh®169pT eventi on or treatment of pain. As desciPChaBom03g50r e
detail below, this interaction may be exploited, inter alia, in: 10 (i)
enhanci ng the functional expression of a sodiumchannel e.g. in cell |ines
whi ch may be used for conventional nodygl ator-screeni ng purposes, (ii)
defining a novel target (i.e. disruption of the protein-protein interaction
Site itSe|]je)taiiéar])§j&yjp$iioﬂg)flﬁm1ﬂv@hﬁ6§ whi ch could | ower the functional
expression of a sodiumchannel. 1.5 Sodium channels and pll peptides The
present application relates to the regulation or nodul ation of functional
expression _of sodiumchannels, in particular vol.t e di.um ghannel s
(VasCe) . TS B GAPBS e 2R o HaNe T Dot kain AP SToEe

nol ecul es, 2 | Mﬁg 8SurtiBAd lefipleSdio &MGRaIuns ON:
Table 1 25° h%ggﬁllé % %‘&%B%g%ﬁn%oén%{? 1. thRat 1.3 AI(D:cessi on nunber
X92184 NP7 D2niA) Y983 Providkdate meihts whpsinlioh 6dipaglls Bwsedt thout gaps 100
63% 55% 62% 30 For conparison, rat 1.8 ys human 1.8.scares 83%.(w th gaps)
or 84% (wi ttreetreenyapeonditnsasiogiatedayifysqdim Cﬁ@{“ﬁbémmlb IFEERIFE ihthd

PCT/ GB02/ 03852 ..7 Am i ¢ identity was determ ned over the full protein
sequence. 'Pﬁ%veﬂg%f)%qrgaﬁgt%%Oﬁpagléquence was aligned with a second sequence
using Clustal. The nunber of identical amno acids was then scored for
each pair and divided by the total nunber of amno acids in the 5 alignnment
(with gaps)Asodestiiged intradre deiail deloys, this ingeradtioamacbeaeptritedy i st aps) . A

VGSC of the.invention i ny VGSC whi ch has_th i1 t. ifically
bi nd a % @ pepetﬂglefé‘%m%éle?b%"éﬁof%ceéﬂe&“%Pn ?‘{dluns‘%?réedélh% é’-%ﬁgfgl?ﬁ%é GSC bi nds
the pl 1 pepfilHfhay be used for conventional modulator-screening purposes, -

(ii)  defining a novel target (i.e. disruption of the protein-protein interaction site
itself) for devising modulators which could lower the functional expression of a
sodium channel.

15
Sodium channels and p11 peptides
The present application relates to the regulation or modulation of functional
expression of sodium channels, in particular voltage gated sodium channels
(VGSCs). Table 1 indicates the sequence identity between various VGSC molecules,

20  using the rat Nav 1.8 channel as a basis for comparison:

Table 1

25 Channel Rat 1.8 Rat 1.5 Rat 1.9 Rat 1.3
Accession number Xo2184  M27902  AF059030  Y00766
With gaps 100 61% 49% 57%
Without gaps 100 63% 55% 62%

30  For comparison, rat 1.8 vs human 1.8 scores 83% (with gaps) or 84% (without gaps) identity

using this method



10 preferentially to a non-pll peptide, for exanple a VGSC binds nore
straongly to a pll peptide than to a randonly generated non-p 11 peptide
sequence.wD3pamdlT cul ar, the present invention rel ates toPUGER20REL are
associated with responses to pain or are involved in pain signalling. A
sui tabl e sodi um channel is 15 preferably a VGSC that is expressed in
sensory neurons. For exanple, a suitabte VGSC may be a sensory neuron
specific (SNS) -VGSC, for exanple Nav 1.8 or Nav 1.9, or may be upregul ated
in sensory neurons in response to pain, for exanple Nav 1.3. A suitable
VGSC may be tetrodotoxin (ITX).ipsensitive or resistanty. that is, it my
renain unbgB’éIPPea(?lddgeW%ﬁde lr“?)‘ﬂ?ﬂe& ei‘%pcf%tﬁ?jrsea%ule%cr?'s. J R B e  aspect . a
VGSC for Ugsguidde Wes A196&d 9ith & RRoldé@rhdeaRing ChistaNathe huBber Naideiical aino Nav 1. 3
channel . The nucl eotide and am no agi.d sequenc s for #he Nav 1'%’ rat Nav
1.9 and r atcidgvesthen seorechior pash apie ans dyided By the iqfef agmber okaginggeidydp Hiey o¢
sequences af k B K MRHST antiBaAGeRBO®BagR)TDEr S given in
Tabl e 1.§ Tﬁléﬁggﬂwn(ﬁlét?lgt%sfaiﬁlg{r%a@gm' noggc%%g sequenceg for f@apthav 1.8 are
given in SEQID Nos: 1 and 2 respectively and the nucl eoti de and am no
acid sequences for human Nav 1.8 i :

respectively. A suitable VGSC for use in the nethods of the i nvention may

be any of t V ..30.0r. a s i |.}.G: i an iny .t her eof .
There’i s nd FO5G TateHYoRHo s ERD VSRSt 3Rk i b okl & Rbineaty Bl el T
the pres engl | gé’ﬁf&fe! By éfi}b@éﬁﬁpﬁlﬁ/ bing kusmebiiandtuhd VOSQbindsARe 931 PaBRE7

PCT/ GB02/ 03852 © 8 "aut hentic"™ sequence of the grot_ej ns as th& occur in
nat ureio A priftrabtialycs@omeyl 1 pehéde faregamples YES& hiads mapke sEROBEY 102 t hese
VGSCs which retaips, activit a_sodi,um annel . For exanple, a suitable
VGSC may h#&Vk Pgptelsthan tpr?al}t}n%(ggls’ gﬁpférﬁ‘iegflofw;ﬂ pe@tfi’%se ]?eélg ‘er than 75%
greater than 85% greater than 95% or greater than 98% 5 am no acid
identity with any of the Nav 1.8, Nav 1.9 or Nay 1.3 sequences. A suitable
vari ant chanpgficilar, dieprebent investiai rehtsdd MO Ctthareet afsagietedorith For  exanpl e,
a suitable variant of the Nav 1.8 sodi um channgl . $tloave tge glglrérral
function offesRONESEY PARAET ARFBYIue Hrbay g/ BT FEY “B8 8 eScr i bed

bel ow 15  preferably a VGSC that is expressed in sensory neurons. For example, a suitable
VGSC may be a sensory neuron specific (SNS) VGSC, for example Nav 1.8 or Nav
1.9, or may be upregulated in sensory neurons in response to pain, for example Nav
1.3. A suitable VGSC may be tetrodotoxin (TTX) insensitive or resistant, that is, it
may remain unblocked by TTX at micromolar concentrations. ‘
20

Tn one aspect, a VGSC for use in methods of the invention is a Nav 1.8, Nav 1.9 or
Nav 1.3 channel. The nucleotide and amino acid sequences for the Nav 1.8, rat Nav
1.9 and rat Nav 1.3 channels are publicly available, for example rat sequences are
available from GenBank under the accession numbers given in Table 1. The

25  nucleotide and amino acid sequences for rat Nav 1.8 are given in SEQ ID Nos: 1 and
2 respectively and the nucleotide and amino acid sequences for human Nav 1.8 are

given in SEQ ID Nos: 5 and 6 respectively.

A suitable VGSC for use in the methods of the invention may be any of these VGSCs
30  ora species or allelic variant of any thereof. There is no requirement that the proteins

(or nucleic acids) employed in the present invention have to include the full-length



10 It may also retain the tetrodotoxin insensitivity of the Nav 1.8
channel . A suitable variant preferably also retains the ability to bind p
11. For ewarplhe9la suitable variant channel may retain tir€TiGROR@8SSR| Ul ar
domain of a wild type VGSC. For exanple, a preferred variant of the rat
Nav 1.8 channel may retain the N-termnal i5 intracellular domain found at
positions 1 to 127 of SEQ ID NO 2. A sgiitable variant channel nmay have a
sequence conprising am no acids 53 to 127 or amino acids 75 to 102 of SEQ
ID NO 2, whingfenfé tseghiens of elemoteins e thegwoturdd natarddi A diitepld ¥GSTlmaypr ot ei n,
or a species or allelic variant of this regi on. 20 A suitable variant VGSC

may be a frihgresme abp ba awariantiof gay visbeseoY G s avhicly retains actiniéy av? saiumescr i bed

above. A suitabl.e_fragnment nay. he unc d I M\/Ia(re' exanpl e,
1% 2% 5% FF9hI5dor ?’%%lpq%@o ou%%@%vét?%rrglr%@%%% %%%@C)%rl gi ﬁéol’ h%&h&é equence

has been re’}@%e%eat@r Bt 7843 ErehicA AR 850 Bk B S5 Y0br @EateOMR D8% a fragment
of a full length VGSC, for exanple, 1% 2% 5% 10% 15% 20% 25% 25 50% or

nmore of sa fathinolaeiigtiéntie qthreng.of Aesiat hBJ Mavf t.Sgmdlay lrdaseqbencgdy f r agment
which retains the ability to bind a p 11 peptide. A suitable fragnent may
also retain the ability to function as a sodium channel. A fragnment may

be. for exagnlfiud Quuidhfl charit®) is e whfop rthifhs sbdidm dinel 30brion0or 750, 1000,

1500 or nore amno acids 1n |ength. sui tabl e VGSC nay conprise a

fragment of examyilé,dsujtpisle Farimanl aRINMASEssdigmehaeel awy have themoimal ami no aci d
sequence. Such a variant will retain the ability to bind pll EﬁYr\g 03/016917
PCT/ GB02/ 03B&etiormofmn ¥ Gt i Brafungticn aafBE igest ks measured a3 dessaidgdPeli%nnel . A

VGSC fragmept whi,ch  retai.ns the.ahility.to i be derived from
the i nttGcel MYSUSHT HEJPIQqpiox h@%ﬁ%ﬁgﬁ%&%&% Emellel'f ragnent may

include the entire intracellular domain or a part thereof. A preferred
fragment of the Nav 1.8 channel nmay be selected fromthe 5 N-termnal
i ntracel | ul Arsuitabtaivariarftpreferahlysilse retrinsshaahibity to binst pld7 For exmaplers NO 2.

Preferably fragnments represent 'sequences i.ch,are bgli g t ei t her
uni que to §‘H@%lf’n‘§‘ﬁﬁ8ﬁ? aBPaé‘iwé’ rﬁ?‘ﬂ} @ﬁé’f r?ﬁéﬁﬁlarc%oﬁ%aé? eg%lwgléoqﬁ%e @8@@5
Preferred f ForefSRQ VI NOof the kRQTHAES BRinRAG] B8} A8 SN Aftnidalt 0 25,
26 to 50 ang&g%g?‘gﬁei FERTVESE f?agfcrent whi ch retai nys the ability to bind
pl 1 mays consiastiinir damaio fpmdsepdditons 1 to 127 of SEQ ID NO: 2. A suitable variant

~ channel may have a sequence comprising amino acids 53 to 127 or amino acids 75 to

102 of SEQ ID NO: 2, which are shown below to be involved in binding to p11

protein, or a species or allelic variant of this region.

20 A suitable variant VGSC may be Aa fragment of a wild type VGSC or of a variant
thereof as described above. A suitable fragment may be a truncated VGSC, wherein,
for example, 1%, 2%, 5%, 10%, 15%, 20%, 25%, 50% or more of the original VGSC
sequence has been removed. A suitable fragment rhay consist of or comprise a
fragment of a full length VGSC, for example, 1%, 2%, 5%, 10%, 15%, 20%, 25%,

25 50% or more of a full length sequence. A suitable fragment may be any fragment
which retains the ability to bind a p11 peptide. A suitable fragment may also retain
the ability to function as a sodium channel. A fragment may be, for example, 10, 20,

30, 50, 75, 100, 150, 200, 300, 500, 750, 1000, 1500 or more amino acids in length.

30 A suitable VGSC may comprise a fragment of a wild-type or variant VGSC sequence

as part of its amino acid sequence. Such a variant will retain the ability to bind pi1,



i 0 sequence of amno acids 53 to 127 or 75 to 102 of SEQ ID NO 2. Such a
VGSC fragnment may be, for exanple, 28 to 50, 28 to 100, 28 to 200, 28 to
500, 28 twOoIBOO91AM no acids in length or larger. A suitalpiCe/0BB3@3$52agnment
may conprise a part of the sequence of amino acids 53 to 127 or 75 to 102,
for exanple, 5, 10, 15, 20, or 25 contiguous amno acids fromthis region
or froma variant of this region as def9ned is above, which retain the
ability to bind plil. Thus, in one aspect there is ovi ded a peptide

conpri si ng &nd ppaerallyche @hIhWéﬁﬁt apg sogium ¢hagagl. Z‘OVE’ISCaﬁaH%%WhZ@ cont i guous

am no acids of n m am no.aci 168,102 of SEQ
I D NO 2, ofetilélg?%e)abhﬁtgz[g@m% ch C{E‘%é]tvecl?g%’lmttg%é@r a%&%ﬁ%peas a1n76€}h at | east
75% at | eash d&iah ¥GIE®asich a%én@ht Rhy IRARE 1BSMRETIIRACARIS RAHHEHCE
identity to (a), wherein said peptide |s capabl e of specifically binding a

pl 1 pepti dearribergaf. IPepEBfQItfalrfragmmﬁhe hevad dhennel nharist selec@difcbnpthst i de
maybe for le lLess t 0 |ds | e s th a |ds
ot ot S0b b Ca el et em S ermigs S6as 4dp 427 of SrQaD

am no aci ds i n am no
aci d sequengé&g{oaﬁggﬁ%m&ﬂs &?%S@Ift@%}grrﬁ%o acl JQ fgggﬁgﬁégﬁggﬁh&%{%é s

SEQ I D NO  4he ¢Hahnél, sipare iaelastwetll doadervedvamndngrif GBCs. ( Boeferd f(ag)neatsvﬁn ant of
(a) having at | east 65% anmi no acid seguence identity thereto; (d) a

fragment of SYIBNQ:a)inglyde apinogoidispions o @@T@@ jangded go 1%7) éuch a VGSC
will retain %@?C?g{glfﬁehy é%h%taﬂs epalblh]t¥ ) 9%18' iy nisd %Bnﬁs :T(;D?%?cmnsael tﬁgas t he

retain the a CI’OS rane,” suc

plasma jgenkeqRfc®bf dhioGids 53 % foBed 15708 192 \WESEQID N@d puSuchamedc may be
derived as described below. The present invention also relates to the

di scovery t Heagnienemopbe funoxamde,iZftte S.citto 10t I8 19 200, B¥ tot 210028 Aet¥i0di ng to

th t L.l bl t h t t
my e a narliE FYSORUSRER G BT ADBRE Y GiC fast By BPERRE GBS 10
const ruct ed tﬂé-geqﬂglme'd#amlfb %&é@ﬂ&zp ob 5 REPGI, 86 SBNpRE 521,45 20, 8PgS h pll

protein or
cont1guous amino acids from this region or from a variant of this region as defined

15  above, which retain the ability to bind p11.

Thus, in one aspect there is provided a peptide comprising at least 10, at least 15, at
least 20 or at least 25 contiguous amino acids of
(a) the sequence from amino acid 75 to amino acid 102 of SEQ ID NO: 2, or

20  (b) a sequence having at least 65%,~ at least 70%, at least 75%, at least 85%, at least
95% or at least 98% aminé acid sequence identity to (a),
wherein éaid peptide is capable of specifically binding a pl1 peptide and is less than
1000 amino acids in length. Said peptide may be for example less than 500 amino
acids, less than 300 amino acids, less than 200 amino acids, less than 100 amino

25  acids or less than 50 amino acids in length.

In one aspect, a VGSC of the invention has an amino acid sequence comprising:
() the amino acid sequence of SEQ ID NO: 2 or SEQ ID NO: 4;
(b) a species or allelic variant of (a);

30 (c) a variant of (a) having at least 65% amino acid sequence identity thereto; or

(D a fragment of any of (a) to (c).



species or allelic variant thereof. For exanple, a suitable p 11 peptide
may have the rat amno acid sequence given in SEQ ID NGO 4 or the human
am no aciwoggquemte given in SEQID NO 8. A suitable p PCTmB02/03852
alternatively be a species or allelic variant of the p 11 peptide of SEQ
IDNO 4 or SEQID NO 8. 15 There is no requirenent that the proteins (or
nucl ei ¢ aci ds) enployed in the present 1 nvention have to include the -

1
full-1ength S aut i.c"..,sequence .of the proteins.as_they ccurs in nature.
Vari ant s rrayguﬁg a{}g@%b@@%lé?tg\mﬁ%%lﬁw 03&1‘% avfé]dl_ FPiSiR- ppuch af%ggcé&aé’n%ﬁ%) “whi ch
retain 1S aebintht¥ohity Mflkdite b VaRn bUOE L ARA-EXPLERSE Bk AR VDI T ed
pll sequences according to the present invention nmay have a é%quence at
| east 70% i desihbraad of thetclle sequence of an endogenous pll such as the rat

pll of SEQ ID NGO 4 or the human pl 1 of SEQID NO 8. Typically there
woul d be 75% or nore, 85% or nore 95% or nore or 98%or nore identity

bet ween the ihied . and the authentic sequ e. A variant may
conpri sega fgglg%%ﬁ‘%gﬁﬁg&ggpn%g}%a&? gllrflve’%ec %’rVF{i]ﬁ%g%ﬁm%ecggeg%‘gnce. For exanpl e,
a variant pl 1 peptide nmay conprise anmno acids 33 to 77 of SEQID NGO 4

whi ch are shown below to be involved in the nodification of VGSC
functi onal ébhsmeesshivinventjosalsonelatea trethe alissoveay itta thepV GEC Nospt.8 desractsnpr i si ng

[ , for. le.alleli ' . i f f ts. 30 A
it abl o var bR R iy ABiordng o R BB PPt 1AL Bt Bvar i ant
ther eof as Y003/ 16HLE RETRORLABBEZud: HESSIREL AROUE airshishaP! o

fragnment may be a truncated pll, erein, anpl e, 10%
15% 20% 2%%msth¥dgrl imeptdofA siieabdy pldi peptidemai bs edulddagtihpll proeénor £noved.
A suitable fragnent nmay consi st of _or conprise a fragnent of a full Iength

pl. 1, for &Re @, allehf vargnt ggeof.obgr c289yitapiyl Ioerpdige mephavatiea ful | 5
| ensth seuepseyn i ialle; LABRRNQ NG A AR ol 15 he
30, 40, 50, gfikn in BEGBD NIO 80TA §3aBledTil ﬁ@ay%ﬂeﬁ&tib@ly"t@@gipbeies or allelic
variant of the p11 peptide of SEQ ID NO: 4 or SEQ ID NO: 8.
15
There is no requirement that the proteins (ér nucleic acids) employed in the present
invention have to include the full-length “authentic” sequence of the proteins as they
occurs in nature. Variants may be used (e.g. which are derived from p11 for
example) which retain its activity to modify the VGSC functional expression. _
20  Modified pl1 sequences according to the present invention may have a sequence at
least 70% identical to the sequence of an endogenous p11 such as the rat p11 of SEQ
ID NO: 4 or the human p11 of SEQ ID NO: 8. Typically there would be 75% or
more, 85% or more 95% or more or 98% or more identity between the modified
sequence and the authentic sequence. A variant may comprise a fragment of a
25  naturally occurring pl1 sequence. For example, a variant p11 peptide may comprise
amino acids 33 to 77 of SEQ ID NO: 4 which are shown below to be involved in'the
modification of VGSC functional expression. Also envisaged are variant p11
peptides comprising variants, for example allelic or species variants of such
fragments.
30

A suitable variant p11 may be a fragment of a wild type 1511 or of a variant thereof as



A suitable p 11 may conprise a fragnent of a wild-type or variant p 11
sequence as (0 part of its amno acid sequence. Such a variant will retain
t he abiliwgmwoiddind VGSC. A pl 1 fragnent which retains Poa/GHniodssy to

bi nd VGSC may consi st of or conprise the sequence of amno acids 33 to 77
of SEQID NO 4. Such a pl 1 fragment may be, for exanple, 44 to 50, 44 to
60, 44 to 70, 44 to 80 amno acids in liength or larger. A suitable pll
fragment may conprise a part of the sequence of amno acids 33 to 77 is of
SEQ | D NO déscribed atewam syitable fi@gmentmap de a 2Bpcaed pUl vheraimrier exaimple.aci ds
from this region which retain the ility to.bind Vi Thus, i,n one
aspect ther&i %/Oaéf’/b\}io&/bds%r[g@%éao@ g@ﬁﬁf F‘ér‘ﬁaf%f’ OFlgﬁgg]i]O?eqﬁ?ﬁcle@ﬁ%t 15, at
| east 20, 5 [ ' aci ds of
20°(a) ¢ he Cedanvad pobiubE Rbmai il Ansls bt ARpraRL (AU ARG o or
(b) a sequesee PRV ifexaipleasy, 270 %56, a0%, 5%t 207BI85%; 50% as mo85efa fidl | east

95% or at |east 98% am no acid seqtuence identity to_%\a) . Wner%n sai d
pepti desi s lowtiasiquense. Ageiple fagmontnaghansydrazsenh yRiGdeRIsFANY channel

251 oas. { nd 78 ARG dorag o du ten S ShBa g BER AL T TR D 8 "o

aci ds, | esstdpasy 4P HRidGLHS iPlengi@Ss than 30 amno acids in length. A
pll peptide fof use in the nethods of the present invention may therefore

have an am no acid sequence conprising: 30 (a) the am no acid sequence of
SEQID NGO 4 or SEQID NO 8, ( a speci or allelic variant of (a); WO
03/ 016917 Ml@m?dﬁmco@@m@é‘)@&f%ﬁ gﬁwﬁﬁmeasr WH@P&PJ@FW&% 5 70% ami no
aci d sequenge | : o Qf Bt tth@bbiBRYto¥ind WSO (C) -
Such af) |P%§é°6"?ﬁ§§}erh‘\t}§?‘f1@r§ée®t§?%e't “éhgg’rliﬁ%tﬁl P aee s Tha term
"derived" igeludesmyariaoh setginothyabiditpto bindViGStaiap cowsistiofier eampresst i ¢
native sequence e.g. by introducing changes_into g hﬁ gﬁl | - | engt h or
part - | engt Hhe sssgersscf anfing adsuidbioe’ /il DN s, Suchedi{ ifRgRenEmay or
del etions. .This nmay be Ch d, by, rJ : ' or | udi ng
restriocti Orpe0¥orfﬁgxglgqﬁ%ﬁ)0@,%X;%%G(g #4%5' ¥0 2P0 %0 dnh6 ab8S HYeAYE or 1!

A suitable p11 fragment may comprise a part of the sequence of amino acids 33 to 77

15 of SEQ ID NO: 4, for example, 5, 10, 15, 20, 25, 20, 40 or more amino acids from
this region which retain the ability to bind VGSC.

Thus, in one aspect there is provided a peptide comprising at least 10, at least 15, at
Jeast 20, at least 25, at least 35 or at least 45 contiguous amino acids of
20  (a) the sequence from amino acid 33 to amino acid 77 of SEQ ID NO: 4, or
(b) a sequence having at least 70%, at least 75%, at least 85%, at least 95% or at least
98% amino acid sequence identity to (a),
wherein said peptide is capable of specifically binding a voltage gated sodium
channel and is less than 80 amino acids in length. Said peptide may be for example
o5 less than 70 amino acids, less than 60 amino acids, less than 50 amino acids, less

than 40 amino acids or less than 30 amino acids in length.

A pl1 peptide for use in the methods of the present invention may therefore have an

amino acid sequence comprising:
30 (a)  the amino acid sequence of SEQ ID NO: 4 or SEQ IDNO: §;

(b) a species or allelic variant of (a);



endonucl ease foll owed by the insertion of a selected base sequence (using
linkers if 10 required) and ligation. Also possible is PCR-nediated

mut ageneswe 03®149¢7 nut ant  priners. It may, for instance, IPET/GBIRESEDRI € tO
add in or renove restriction sites in order to facilitate further cloning.
There may be up to five, for exanple up to ten or wup to twenty or nore
nucl eoti de del etions, insertions and/or2 substitutions nade to the
full-length or part |ength sequence provided functionality is not totally

| ost. 15 Si(a)i | araivayiaorofi (deimvirgyat heayt B aminbedcihsaguenns idwttisy ereéal oy t he
TBLASTN program _of Altschul_ et al. (1990) J. Ml. Biol. 215: 403-10, or
Best Fit, wifkh iadragament g artyh%f(%ﬁ’zﬁ)onsi n Package, Version 8, Septenber

1994, (CGengti : --gﬁ&iﬁmg\,@g@"e, Madi son, W sconsin,

USA, wscoﬁWﬁgé’%ﬁ?ﬁﬂﬁgﬁé@bﬁh&%% uence 20 conparisons are made using
FASTA and FASTP (see Pearson & Liprman, 1988. Methods in Enzynol ogy 183:
63-98). Paraneters are ,E)referably set, using the. defa trix, as

C |t
fol l owss Gapespem {deaivallt inchdes variantsipreduced 8y mpsifiGatign @ﬁ&?f:aut $81¢ or  DNA;

Gapext (penal.ty for additiaonal,residues i Vg or .| UP word
length: 6 & W%mue%&etee%??gt%%‘?‘y}nghc %686@0?}_%? #Eﬁu lé’ngctgr?E g“f‘&t Eac}%tﬁe j udged by
Probi ng 25 suhdeie ABPEARIIELEsEhEbAYERENioaORAHIO: aBRio Itombe f or nul a f or
cal cul ating e stringency conditions required to achi eve hybrjdization

bet ween ( carhiceadby anyippropridteiechrmgied invhiding nesgicion of g sequepesgvilkgience
honol ogy is (Sanbrook et

|., 1989): = ; . . %
G+Q) - 0. eaené%lf%%ﬁﬁlk?é‘}eﬁ-byébéyf%ﬁo? ﬂir@r‘n &l%‘i%&‘?agﬁﬁ%%%g?ge;@%@% y@ﬁ%’fﬁ gfng 3M1I |( ’

gi ve hybridisati -%#}%J e 1d BPHR-ARAXE2Q HOERAREY uding dasafi bed
above. J&O Oljgﬁ‘g&égg%}&)k &8%%‘82%%% 13" Nucl el ¢ aci ds The p%esen; i nvention
al so enconpagh@s. lihigayser inftamuecbeprefeadhla® addiic lor mEmnvdeestuEBasIteT inp| 1
peptides of the invention to produce such protej

/€ ns.. For eﬁ?an‘ptl gé rovi ded
in the sequadedolfpalijaifuther Goringilherapay BewR Ehlws I8P RdPHRAET Yt Nav 1.8
5 channel (SEQ.ID NO 1 F at J_Pr ' : man Nav
1.5 channot Parerp ey s s osebhn Rk Alchs SR s Rl i o
full-length or part length sequence provided functionality is not totally lost.

15
Similarity or identity may be as defined and determined by the TBLASTN program,
of Altschul et al. (1990) J Mol. Biol. 215: 403-10, or BestFit, which is part of the
Wisconsin Package, Version 8, September 1994, (Genetics Computer Group, 575
Science Drive, Madison, Wisconsin, USA, Wisconsin 53711). Preferably sequénce

20  comparisons are made using FASTA and FASTP (see Pearson & Lipman, 1988.
Methods in Enzymology 183: 63-98). Parameters are preferably set, using the
default matrix, as follows: Gapopen (penalty for the ﬁrst‘ residue in a gap): -16 for
DNA,; Gapext (penalty for additional residues in a gap): -4 for DNA KTUP word
length: 6 fér DNA. Alternatively, homology in this context can be judged by probing

25  under appropriate stringency conditions. One common formula for calculating the
stringency conditions required to achieve hybridization between (complementary)
nucleic acid molecules of a specified sequence homology is (Sambrook et al., 1989):

T, =81.5°C + 16.6Log [Na+] + 0.41 (% G+C) - 0.63 (% formamide) - 600/#bp in

duplex. Preferred conditions will give hybridisation of molecules at least 70%

30  homology as described above.



General ly, nucleic acids of, or for use in, the present invention (e.g
encodi ng pll) may be provided isolated and/or purified fromtheir natural
envi r onmew0,03/0m910 substantially pure or honbgeneous for mPCoOrGHEIRO3850r
substantially free of other nucleic acids of the species of origin. \Were
used herein, the term"isol ated" enconpasses all of these possibilities.
Nucl ei ¢ acid according to the present ivention nmay be in the formof, or
derived from cDNA, RNA genomc DNA and nodified nucleic acids or nucleic
aci d anal 0@8wcleibaciiius the invention also relates, in a further aspect, to
use of a heterol ogous nucleic acid nol ecul V\:al ch co r.i.ses nucl eoti de
sequence eH@e@r%antgnvqnﬁeé@lﬁmes‘éan%ﬁ?éhe ugept pheleigAeids ?PB‘W?B of the

i nventi on. é@gp& 8 C&btlagsto%*tﬁ% 1919«?“%3 Stb ?ré&%@éjs&hg@&%ﬁﬁs hRE AN 3% i ndi cate

that the g sequen nuc n quest| encodi Ag pl 1)

have been ipidvi@siLiaake sdqtienceisting &t’élnﬁglelcgﬁﬁﬁieqﬁerﬁageméﬂhgm@ rat Nav 118y human
i ntervention. A heterol ogous gene nmay replace an_ endogenous_equi val ent

gene, ise. chmmelfEMIN )J’fﬂﬂep%rpﬂbprmelnlﬁﬁE@éPé\I@r?’)a&@ @Navf it i on,

Sequence. - RIEHE ?@ﬁ%%ﬁﬁ&?%&b@?@ SabSEgERR S, aore o ot e &

occurring in cells of that type, variety or species. Nucleic acid
sequences whi ch encode a pol ypeptide in accordance with the present

i nventi on cGunehdlyr eaddit ycips e’@arﬁduhgnntthepsésemﬂ igenieondo . ansddins phb
information and 30 references contfgcg rein and t.echni gues known in the

art (for ex%%ﬁl’eeprogléé s/ or pprifl CIA PRVIONUS By ar C oni ng, A
Labor at ory "‘”?[ é,ggé St R GRA O RE, Eggééﬁpﬁfg%ﬁéﬁl ik Rt Gudigicbor

Laborat18ry Bress ube rt Protocols in Ml ecular

Bi ol ogy, J%'@f@is‘(iﬁl&}'s astes Soitpin. 193R)e usddhseint deheinglieslaiedC tncdmppsses t he  use
of the pol ynerase CFt’l)al n reaction (PCR) to anplify sanples of tf@ rel evant
nucl ei ¢ aciadl, ofghege ppssihilitiesa Wicdeie agid eesprdipg fo the B?E%P’étdpveé@‘ﬁ{lﬁ@é’ Wor (iii)

preparati Onhe ?orm oic ot derived %Ir%pnc %BNAC,:%?A rgengﬁncaﬁﬂAveﬁl%tlﬂ&ﬁﬁed nucleic

acids or nucleic acid analogs.

15
Thus the invention also relates, in a further aspect, to use of a heterologous nucleic
acid molecule which comprises a nucleotide sequence encoding p11 described above,

in the various methods of the invention.

20  The term "heterologous" is used broadly herein to indicate that the gene/sequence of
nucleotides in question (e.g. encoding p11) have been introduced into cells using
genetic engineering, i.e. by human intervention. A heterologous gene may replace an
endogenous equivalent gene, i.e. one which normally performs the same or a similar
function, or the inserted sequence may be additional to the endogenous gene or other

25 sequence. Nucleic acid heterologous to a cell may be non-naturally occurring in cells

of that type, variety or species.

Nucleic acid sequences which encode a polypeptide in accordance with the present
invention can be readily prepared by the skilled person using the information and
30  references contained herein and techniques known in the art (for example, see

Sambrook, Fritsch and Maniatis, “Molecular Cloning, A Laboratory Manual”, Cold



In cell-based assay enbodi nents of the present invention, the pol ypeptide
of interest can be introduced by causing or allow ng the expression in a
cell of awoespr@®ssi on 10 construct or vector. A construct PCorGRielsssery of a
nucl eic acid of the invention may include any other regulatory sequences
or structural elenments as would commonly be included in such a system and
as i s described below The vector conppnents will usually include, but is
are not limted to, one or nore of an origin of replication, one or nore
mar ker genggring Marriaboeiore Perg 89 andriamsnberes akrithoa Rrotwslsin pt i on

term nation sequence. Construction of suitab@g?wgﬁgors Co taL?ing one or
more of t hddeleadadintomysonanyileyandssansdkidd) | T aese ierhntauehinryde ) Wi ch are

known to the skilled artisan. | ei [ ' ' ble a vector
to replicat®® Pﬁ%hS ﬁgg'g}er?rsgrcgalger{:’\%clf) @?‘%%ﬁ‘t% a%gﬁ ’?2 y%%%%%?%‘%ﬁ?m for a
variety of bagieidide. gy BdaL gendhtic éﬂu’fdé@,e@) clefiicaDeanibkds, or &iii) @teparavibs al
origins (SV40, pol yons, adgenovi rus, VSV or BPV) are useful for cloning
vect or ssi n ofeDMEA bememek] s. Particularly preferred for use herein is an
expression vector e.g. in the formof a 25 plasmd, cosmd, viral particle,
phage, or any other suitable vector or construct which can be taken up by
a cell and a codi ng sequence. Expression vectors wusually
contain a p(?%%n%fl}}et?a%?%ﬁéi&s operably linked to the protein-encoding nucleic
aci d sequengee®haisdtassaysimboglimass dfxheipreseit imRNAosythe pelgpsptidPodinterests

recogni zed by a vari et%/ of potential host cells . are ]g/e%l known. " QOperably
| i nked" rneaas bedntirslgcedsby crysipgor abewingdhe GHpEeSTIoRIR A L5 81 * HETEEIfe,

sui tably posi tti oned acrt]éjr oriented for transcription to be initiated fromthe
pronot &°.  OIASEEEPERTS " i nked to a pronoter WD 03/ 016917 PCT/ GB02/ 03852 15
is "under transcriptional control" of the pronoter. Transcription from

vectors in manmmalian host cells is controlled, for e,xarral e, by pronoters
obt ai ned f rampidteict fgedelieesy of a pudleis aeid ofihe igsenbioR FYENHYPAY BH pox vi rus,

adenovirus (such as Adenoviru bovi ne il I i arconma

virus, cytdf8 éﬁo&?etqﬁgl}ceﬁorsﬁmfﬁf'r%l?ﬁ?j{s ?Fe%glﬁlgtcprgﬁg’%l i #%@égﬁﬁl@%gn Vi rus

40 (Sv40), £ %ﬁ@gg%}l& LOlsQRethed %@myl TRV cBfo? BB 6ifentsewill ustibiey meluide, tartonot er
0

or an i muno I'"'n pronoter, an o
15 are not limited to, one or more of an origin of replication, one or more marker genes,

an enhancer element, a promoter, and a transcription termination sequence.
Construction of suitable vectors containing one or more of these components
employs standard ligation techniques which are known to the skilled artisan. Nucleic
acid sequences which enable a vector to replicate in one or more selected host cells

20 are well known for a variety of bacteria, yeast, and viruses. For example, various
viral origins (SV40, polyoma, adenovirus, VSV or BPV) are useful for cloning

vectors in mammalian cells.

Particularly preferred for use herein is an expression vector €.g. in the form of a
25 plasmid, cosmid, viral particle, phage, or any other suitable vector or construct which
can be taken up by a cell and used to express a coding sequence. Expression vectors
usually contain a promoter which is operably linked to the protein-encoding nucleic
acid sequence of interest, so as to direct mRNA synthesis. Promoters recognized by
a variety of potential host cells are well known. "Operably linked" means joined as
30  part of the same nucleic acid molecule, suitably positioned and oriented for

transcription to be initiated from the promoter. DNA operably linked to a promoter



from heat -shock pronoters, provided such pronoters are conpatible with the
host <cell systens. to Wiere a cell line is used in which both the VGSC and
pl | are Wetoanwoddoyous, these proteins may be expressed f POWGBI20SRIL e
vector or fromtwo separate vectors. Mire than one copy of the protein
encodi ng sequences may be present in the vector. Expression vectors of the
i nvention may al so contain one or norelsel ection genes. is Typical

sel ection genes encode proteins that (a) confer resistance to antibiotics
or other fokinder teangcrigimpil¢antiol, of tlemoprpmioter. deanserptidRt@n VeFtorsdhr acycl i ne,

b) conplenent _auxotrophi.c defij.ciencies, . o c) _supply.critical nutrients
go% avg}) I amaénmaﬂ_&% . h‘iﬂl?léks cq{;gr@}lgctl,%g edgagnp{%éyég%{gotglﬁ(%%lﬁeg %Iglﬁgni ne
racemmse f gend g i s R B0 BimE 00T kEWIpos G RABKVIRY (hdgbyde T eport er

genes whic € any suitable reporter gene used 20 in the art. Such

reporter geqRsoviRsldes/inhbapiliomhenisc atiamsetoha viresy sytleregaoyiOaTy, f 3-

gal act osi dase, luciferase or G-P._ Cells The rrgé h?ds r ef e{?r ed to above may
t her ef obe fretravivss, hopelitidB vitys padi Simiag Vime 44 (8 Y &9 frosshelgPpedit o a host
cell. The introduction, which . RV : i

li mitati on TaE™R{ %PQP%?’F%I%{;%E@@%&%% ava?l%g)g)ﬁléﬁ ]édg%(%\[i&aﬁ%ed For

eukar yot i ¢ fdiRhba-sh6dl prokloteré, pedAi<iuRSh PRymatas hitdengakibleunitipthepbiat e
transfecti on, DEAE- Dextran, electroporation, |iposone-nediated

transf ect i eellayderhs.ansducti on using retrovirus or other virus, e.g.
vaccinia or, for insect cells, baculovirus. For exanple, 30 the cal cium
phosphate precipitation nmethod of Graham and van der Eb, Virol ogy

o2 456-1@\%70@%%2)9?@?@&%(%% Q¥RE: boeReNabS@aRep ! BaethetiRsTomdusatheqe! | host

system 03852 16 transformati ons have been descri bed
in US. PatgsfeinlinayledSPredddl fidtarn sitalé vastor of Eohmivepsspartatervectoahs¥lorai ng
mammal i an cells, see Keown et al., Methods in- Enz m)J[oq%ﬁ 125:527 537
(1990) and themersgopytof He proteu ¢cading geqgncesEBaY COLBIPRECE s used in
met hods of the present invention may be present in, or extracted from
organi sms, may be cells or cell lines transiently or permanently

t ransf ect edg@ressiohaReloty e Wivkftidhaappps opithiatone pr ofoes sedeation gemdsei ¢ aci ds

encodi ng them or may be ) e s
15  Typical selection genes encode proteins that (a) confer resistance to antibiotics or
other toxins e.g. ampicillin, neomycin, methotrexate, or tetracycline, (b) complement
auxotrophic deficiencies, or (c) supply critical nutrients not available from complex
media, e.g., the gene encoding D-alanine racemase for Bacilli. The protein encoding
sequences may include reporter genes which may be any suitable reporter gene used

20 inthe art. Such reporter genes includeé chloramphenicol acetyl transferase (CAT), B-

.galactosidase, luciferase or GFP.

Cells

The methods referred to above may therefore further include introducing the nucleic
25 acid into a host cell. The introduction, which may be generally referred to without

limitation as “transformation”, may employ any available technique. For eukaryotic

cells, suitable techniques may include calcium phosphate transfection, DEAE-

Dextran, electroporation, liposome-mediated transfection and transduction using

retrovirus or other virus, e.g. vaccinia or, for insect cells, baculovirus. For example,
30 the calcium phosphate precipitation method of Graham and van der Eb, Virology

52:456-457 (1978) can be employed. General aspects of mammalian cell host system



cells or cell lines which express the required VGSC and pl 1 peptide from
endogenous (i.e. not artificially introduced) genes. The term"in vivo"
where usew0 030149t ei n i ncludes all these possibilities. TRGI/GBV2W3850

met hods may be perforned in a suitably responsive cell |i-ne which
expresses the VGSC (either as a native channel, or froma vector
introduced into the cell). The cell |ine@ may be in tissue culture or may
be, for exanple, a cell line xenograft in a non-hunman animal subject. is

The cel | | |trwsfme1monsmaasbeeysde§¢rlheﬁen Uri PateinpNondy 9h el tusker vagoathi eve
transi ent e essr on of .pll * or st a W th constructs
whi ch expré% %F for tr Y MEFHE nﬁé?eﬁﬁ’rsﬁgg ﬁw ggl ’tlﬁghg?elﬁt ly or stably

transfected; 981 537109 ew&%érétfaﬁ Nigte 33e1Bs39201988)er at e
stably trans&g ﬁ %r njezhar@a\}\l/e known in the art andzqsuggrr) means nay
be used here Pref erred cells are non-neuronal e.g. 20 CHO cell cells. The

| evel. of pl or VGSC expression in a cell may be increased t roduci ng

it intét h“éhed@luﬁ §SQ§1i ipgpeithedsf thyypresspinygntion %FM Wrﬁifme}?p P’é?&t%laﬁr‘?gf rom

het er ol ogo nucl ich
endogenouslué ng%g Ielg’a}%%l}gbeé%ﬁ (r%l? %lrﬁ%%%%hg&? out ﬁ#eneilﬁﬂ %Jfg(fstrg%jny\g

het er ol ogous.@3eRRsd whhiche apiehliateBisteigyslagerRRids dxpdiag me&ucbrfmey Bait | evels
of Pl I and/or VGSC for use in the nmethods of the invention, or nmay

express onlgells ompetlbhedssvmﬁh pprass dheneaviredCEGS Grand 1} @gRidedTon uppl ement at i on
as described herein whi ch ! I
[ or ves'c Gkt AR el R S A L e
such as, elﬂg‘ﬁ&ﬁd@%ﬂ th&E SbBibi RO H 1R 6Pifo RieTdeBaRlyB3gRZordad ihhe present

|nvent| on t erefore enconpasses host cells which express VGSC and pl 1
pepti de accaii@blygesponstike cgli Bsewhichryerisenthe %&Cérltmotaéha oitivgehainekay be

het | | d. | h VGSC tid
Choul 4 Do e drmasiegion eidurast intors ca. The celf ite iy BF Sl B glr ot o s he
functional ex %8%%%@%1@19“ pﬁfm\c/% rﬁtlﬁfhﬁtﬁéﬁuxﬁﬁréﬁmarﬁl@é&tabl e for use

in the scre@n ng ne Venton. Host cells transfected or
transforned with expression or cloning vectors described

15 The ceﬂ lines used in assays of the invention may be used to achieve transient
expression of p11 or may be stably transfected with constructs which express a p11
peptide. The cell lines may be transiently or stably transfected with constructs which
express the VGSC. Means to generate stably transformed cell lines are well known
in the art and such means may be used here. Preferred cells are non-neuronal e.g.

20 CHO cell cells.

The level of p11 or VGSC expression in a cell may be increased by introducing it
into the cells directly or by causing or allowing expression from heterologous nucleic
acid encoding therefore. A cell may be used which endogenously expresses p11

25  and/or VGSC without the introduction of heterologous genes. Such a cell may
endogenously express sufficient levels of p11 and/or VGSC for use in the methods of
the invention, or may express only low levels of p11 and/or VGSC which require
supplementation as described herein. A cell may be used which endogenously
expresses no pl1 or VGSC, but which can be made to express pll and VGSC using

30  methods such as those described herein.



herein may be cultured in conventional nutrient nedia. The culture
conditions, such 10 as nedia, tenperature, pH and the |ike, can be

sel ect ed W9 0Bloes9ski | | ed arti san wi t hout undue experi nent aPCorGBoRn3ggener al |
principles, protocols, and practical techniques for naximzing the
productivity of cell cultures can be found in "Manmalian Cell

Bi ot echnol ogy: a Practical Approach”, M Butler, ed. JRL Press, (1991) and
Sanbrook et al, supra. 15 Transgenic organi snms_ Host cells according to the
present i nvidwtireseninventionth¢rgfraenchmpagset kasbeallspyhich expressiVebegad ng vasc

. o Rilseie o :
hwvent  on T GRER G URIRE L sub el EBRR G bR h Al il £ o hoas 20
her el n.  ThacldaRBERIY Exhedan mithcdlelkNRid WEBTddtad i1 1ifiptidsionld ¥ n 2

plurality o It cel'ls a cloned reconbi nant or synthetic DNA sequence
whi ch encodsgpresied subiethat dledgowsotpind intdFact toropregdetedhé finctigral dkprgssidne

production of transgenic¢ organisns,. and.specjfjcally. 25 transgenic m ce,
refer t& U.oEthep¥ES _ucﬁ,hg%c,eﬁ@ir,e SPQ%B%@’I G m th?)?"r ’E‘F{%’g? ?J‘gtf‘ﬁt ed

her ei n by rigj]&rﬁﬂoﬂce to di scl ose nethods for producing transgenic nmce), and
to the nunerous scientific publications referred to and cited therein. The
foregoi ng di scussi on has been generally concerned with uses of the nucleic
acids 30 of the present invention for production of functional, ,
pol ypept i dddost celbs teanpiacipdros srensigrmadiuith ernsession L clwings vestors descibede | so as

to increase functiqnal ,expr.ession,.of ,the WO 0] 0) 2 18
VGSC. Howev¥FSE¥Y, pﬁugfﬂf?@dn B%vagwloqaﬁg&flﬁ?torfl%éé'i %ﬁgélﬁgc osngﬁ?(ﬁé’r %?12 may
al so-b °, Uségqnéd?a, ﬁ@rﬁ?ﬁﬁtu&é} QHEEHItN Ei¥e, @4n BY selectdd W3etht skilled whis@hwithots

0 a

desire 0 SO, W corresponding reduction in the functional
expr essi on wfdut kepeviS@tat®nl fe gemesalypyitcipes protedolsvastragiited esheiquasier pr esent

i nvention provides net hod, for .enhanci ng the.functional expressi on of a
VGSC conpr i BPHEUERS H"f@fl‘é‘?&j"ﬁy%%\‘{m@mf%%ﬁn B"iio gbrtll @@"‘rﬁaﬁ'ﬁg Cteeﬁe i nvention
provi des a @Rt ned .8k P8t lydal Apbidgot T RN BUACALE ORI OPreds, YEIMI 7GR gat ed sodium

channel
Sambrook et al, supra.

15
Transgenic organisms
Host cells according to the present invention (i.e. including heterologous p11 for
increasing VGSC expression) may be comprised in a transgenic animal, and the
present invention further provides uses of the transgenic animal in the methods

20  herein. The transgenic organisms of the invention all include within a plurality of
their cells a cloned recombinant or synthetic DNA sequence which encodes the

heterologous pl1.

For more details regarding the production of transgenic organisms, and specifically
25  transgenic mice, refer to U.S. Pat. No. 4,873,191, issued Oct. 10, 1989 (incorporated
herein by reference to disclose methods for producing transgenic mice), and to the

numerous scientific publications referred to and cited therein.

The foregoing discussion has been generally concerned with uses of the nucleic acids
30  of the present invention for production of functional polypeptides, thereby increasing

the concentration of p11 in a cell so as to increase functional expression of the



into a plasma nenbrane of a cell, which nethod conprises the step of
altering the 10 concentration of pll in the cell. Such a nethod may be used
to i ncreawe oBloesviuncti onal expression of a VGSC in the ceCr/GBlke3dsevel of
"functional expression” of the channel is used herein to describe the
gquantity or proportion of the channel which is active within a cell.
"Active" in 15 this context neans capaili e of nediating a sodi um current
across a nenbrane in response to an appropriate stinmulus. Thus a further
aspect of {WaSQr Ebewmiven, averpldian plov, themfermasih diclise&htrainanaipalschee
functional expression of a.VGSC jn a,.cell..which nethod conprises the ste
of 20 incré 'Wﬁﬁ&ﬁﬁéh?@§ﬁmy pbyﬁ“ﬁﬂsPh@h@£%P§%$ﬂEﬁ3%§&sﬁa 8 any vasc gf
the inventi ' - ' " be any p 11 of the
cgﬂa%ggglﬁg(\rédﬁggn aPay Elmcﬁbﬁl Q%%%SSE&PH e vy,

invention a ed above. The ce e any suitable cell line as
descri bed above. Preferably the VGSC is expressed within the cell. The 25
pll peptide may al so be expressed within the cell or may be applied to the
cel | . The Inzgaisplimstionthd Pliewesstiode nay be expressed from endogenous

ithig th el | f h : j d d
"o the cateorpt ey R FhRtp AR BRI e RITIp AT RRRER U T8

vectors as \fﬂ@§ercbl?§ﬂsﬁg%x§esi@saf’d@Haaﬁa% ¥ pl@ ppdtidep &k diee iafertioa i nvent i on
is either applied to the cell or is heterologously expressed within the

cell. The pirovdidgepiethodiynadiymgphetastbcatieree! awv1EEe 62169 sedipamhapd/ 03852
19 the control of an inducibl.e onoter so.that .the.| I expressed
Wi t hin t he 1813 Plagg mgBOFaRg G atcglﬁi.wni%@h ﬁ’&ﬁ’é’?&f’%@&lﬁ%sﬁ};}e %%ﬁe?%.‘eﬁ%géﬂe 1to the
cell,. tge fc%@ﬁéﬂtﬁﬂ ofﬁi(lofnec g'bé;ﬁ of the VGSC, that is the recruitnent of

GSC to the menbr iotdhe

t he Vi ahe an subsequent activity of the VGSC, may be
enhanced. 5 A cell in which the functional expression of a VGSC has been

enhanced by such a nethod may he subsequently. used in ni nmet hod
of the i nveFicharnetkpd may beaigsd togpgrpasg éhﬁef%@ﬁr%{%@a“‘ifé%é 03 &ﬁ‘g‘f’g‘g h‘éﬁ‘%
expression and. w || the:ef b L ¥nSERSkEd NeihQo BriBHanges i n
VGBC act i) ittt PECRh e ippRghs StEChHmBERIL ek B
the quantity or proportion of the channel which is active within a cell. “Active” in
15  this context means capable of mediating a sodium current across a membrane in

response to an appropriate stimulus.

Thus a further aspect of the present invention provides a method of enhancing the
functional expression of a VGSC in a cell, which method comprises the step of -

20 increasing the level of p11 in fhe cell.

The VGSC may be any VGSC of thé invention as described above. The p11 peptide
may be any p11 of the invention as described above. The cell may be any suitable
cell line as described above. Preferably the VGSC is expressed within the cell. The
25  pll peptide may also be expressed within the cell or may be applied to the cell. The
VGSC and/or the p11 peptide may be expressed from endogenous genes within the
cell or from heterologous genes that have been introduced into the cell, for examp.le

by transfaction of the cell with one or more vectors as described above.

30 Preferably, a p11 peptide of the invention is either applied to the cell oris
heterologously expressed within the cell. The p11 peptide may be expressed under



10 cause. Assays using enhanced VGSC functional expression It is well known
t hat pharmaceutical research leading to the identification of a new drug
may i nvolwe mshe&streeni ng of very |l arge nunbers of candi dace/GRodessEnces,
both i5 before and even after a | ead conpound has been found. This is one
factor which makes pharnaceutical research very expensive and

ti me-consum ng. Means for assisting i the screening process can have
consi derabl e commercial inportance and utility. 20 One aspect of the
present i nventononl ofarbiadedble prathaerohhaicbel loveSE fld respicssed| Within thetieBh can be

achi eved usin | 1. This effect can be used.to _generate assays havin
enh:an\éed g@”lrﬁé’l ﬂ@:@‘i@'ﬁedgggWe@?%‘ﬁ’éﬁ’(gpﬁdy C1I1 tpi e‘éﬁﬁ’ &‘F&L_“ﬂ)czllofl%lcul a\r/: yg
usef ul for exf)r%%%ﬂ LBy R4 bh&ntQf stodakatth g HiBexMESEnd 25

"Modul ati ng erel n i'ncludés any effect on the functional expression of a

VGSC.  Thi $hd subkdtfhest dekiofkbfithe MGS@hhbi bé exthahdreel. activity of the channel in
the presence of, or in response to, an appropriate stimulator.
Al ternasi vely nodul ators nmay enhance the activity of the channel.

Preferred npdyl ator. bl ock  ohi DUt Or s, .
rechosedodeiabauh B AIRBRE e SEEELR Riot Y BicBuTiage oo o
putative mdal Sty Bt cudanabie uold ipalieidafing rehRRDS theiendat [ Sichy of a

VGSC. Any WO 03/016917 2/ 03852 20 activity normally exhibited by a
VGSC may beeliwadl hresenhancedeX @RI fenctianal sxpegssien a@d:mlwhegpfmivebe the ability

of the VGSC to bind specifical to.o for 0 X W pll

pepti de. St%ﬁlcﬁl%{g’rfﬁpﬁﬂv%@ﬁn%“%“%? {ggtsﬁe%glgi%glaﬁg ?%gg?%%“&é‘rsh‘ a%nown in

t he art, sgg@s as those described herein. A test conpound whi ch nodul at es
this s*Bin Ihg activity is a potential nodul ator of VGSC. Another activity
of VGSCs which may be neasured is the ability to function as a sodi um
channel. This may be nmeasured using nethods known in the art such as those
descri bed Wes@isrisingoanhaesed i fuschi @y edBrEHind may affect the ability of a

VGSC to praqduce .a sodi curr ent. FE AR ALSH of HBeWCSC i s
present . Sﬁgﬁ k) E]%/Oswrhﬁl?ﬁ PRECPAT g{liﬁg%ﬁ%éé%ge& | aE)i on olgh a slpegi fic stinmulus,
for exanpl Cirflg ﬁ{aly TN 315 WBisEReniBE bflverpldrad hymbers of candidate substances, both
15 before and even after a lead compound has been found. This is one factor which
makes pharmaceutical research very expensive and time-consuming. Means for

assisting in the screening process can have considerable commercial importance and

utility.

20  One aspect of the present invention is based on the enhanced VGSC functionality
which can be achieved using pl1. This effect can be used to generate assays having
enhanced sensitivity. Such systems (e.g. cell lines) are particularly useful for

identifying compounds capable of modulating the VGSC.

25 “Modulating” herein includes any effect on the functional expression of a VGSC.
This includes blocking or inhibiting the activity of the channel in the presence of, or
in response to, an appropriate stimulator. Alternatively modulators may enhance the

activity of the channel. Preferred modulators are channel blockers or inhibitors.

30  The screening methods described herein generally assess whether a test compound or

putative modulator are capable of causing a change in an activity of a VGSC. Any



result in sodiumcurrent flow. The present aspect of the invention may take
the formof any, preferably in vivo, assay utilising the enhanced VGSC
functi onawptog/ovdeizh can be achi eved using pll. 15 The t ePQTIGB02I0$852

includes cell lines and the |ike as described above. This assay is carried
out in a cell in which the functional expression of the VGSC has been
enhanced by exposure to a pl 1 peptide2p0 Thus the in vivo assays may be
performed in a suitably responsive cell line which expresses a VGSC of the

i nvention (etitineoramlla exhibtted/by € N&iftemay be nieasured Feroxemplens saitabbed i nt o
the cell) and in which p 11 is either 20 appli.ed.to sajd.cell or_is
expressed \&Fﬁlﬂﬁh%&i?ﬁtl%?eﬁmhté’éz%@éﬁggé? glngrSP?Fég‘éarl 1’896 2ACoBPier ably, a

p 11 peptide_.of i.vert | S: 8 i RenEalehods khSwvn
het er ol ogod%lp%/aB&gﬁ?&@éd%\#}?ﬁﬂﬁ&flﬁe&%@h &Bg'kgﬁ%ﬁ&%%pﬁ%e emgl)y lt?lé expressed
under t he i @i r0lsud astBodertdbgibel GeRin Mt canpdundtwhittembduletes dfis pl 1

expressed within the cell my be regul ated. By heterpl,ogouslglqprovi di ng pl

1 to the cdlinding heivityrie e ipoisatial 2Eodaatereaf GHCoAAnopsT getety Hf YA1SGs t he
recruitment of the VGSC to.t r.a nd __the.sub n ivity of the
VGSC, may BEVER RS bsgeasyyed FFEE? ﬁﬁ%’vt8q§%°§’%}sas 8?8?@? &%ﬁlﬁnﬁ‘%ﬁﬁéﬂé will be
desirabl e tlﬂeﬁﬁﬁéﬁ%\é&g%tﬁb&'1&6%'1@&%'a%t Rbh B thokOdéseAbad KerdlESF6 t 0 the
menbrane to enhance I'ts functional expression. However, the precise format
of the assausmpld, atdsecompaniimay affegt the abiity efie NESChioguodicegigpdium n t he art
using routine 30 skill and know e,g]ggi %83/0169 7.PCT/ GB02/ 038175112 21 The

i nventi on toWETeBt &5TRSS 3rBGBRRS HoteE B RSt e Presitn §UFHAS SIS AR 1B gfie
expressi on of . C | & oS i j aue pl 1
pept | detor TranIERE PLsfbofl fimef R e R el Wk ek I, B of
VGSC are algguiemwodagecurast 86w, aspect of the invention. 5 The invention
further provides nethods of nodul ating a VGSC the functional expression of
whi ch has been enhanced, which nethod conprises the step of contacting

a6 ehemel YL L A TR DL R TRREIRI99 RO SCoP T2y

be in vivo I N nore detal
‘ assay utilising the enhanced VGSC functionality which can be achieved using p11.

15  The term "in vivo" includes cell lines and the like as described above. This assay is
carried out in a cell in which the functional 'expression of the VGSC has been
enhanced by exposure to a pl1 peptide. Thus the in vivo assays may be performed in
a suitably responsive cell line which expresses a VGSC of the invention (either as a
native channel, or from a vector introduced into the cell) and in which p11 is either

20  applied to said cell or is expressed within said cell (endogenously or heterologously).

| Preferably, a p11 peptide of the invention is either applied to the cell or is
heterologously expressed within the cell. The p11 peptide may be expressed under
the control of an inducible promoter so that the level of p11 expressed within the cell
may be regulated. By heterologously providing p11 to the cell, the functional

25  expression of the VGSC, that is the recruitment of the VGSC to the membrane and
the subsequent activity of the VGSC, may be enhanced. In the in vivo assays of the
invention, it will be desirable to achieve sufficient levels of p11 to recruit VGSC to
the membrane to enhance its functional expression. However, the precise format of
the assays of the invention may be varied by those of skill in the art using routine

30  skill and knowledge.



One suitable system for testing nodulation (e.g. inhibition or blockage)
of, for exanple, the SNS sodi um channel (Nav 1.8), is the CHO SNS enpl oyed
in the Bwamwple®ibel ow. Other systens for testing nodul at iPom/GBoe/0sksecl osed
e.g. in WO 97/01577. Menbrane currents are conveniently nmeasured with the
whol e-cel |l 15 configuration- of the patch clanp nethod, according to the
procedure detailed in the Exanples. PZéferred voltage clanps are those in
which the cell. potentjal is stepped. from.the hol %i ng potential ~of about
-90 nV to t&asinyetionstheretore provides Agthods niagersing t ii@cgwﬂﬁxnreeslqrbofao .

I n order to_ isqQl-ate TIX Tel r ] |.dj (AP) and
CdC12 were elljlge Csmﬁlt%ce;ﬁé%&aér?Efﬁ&a?%%gé}%g{%grg%( al'é% M&ﬁg%@ eg‘[sl?%vﬁ\\iever
those ski | | gglld HavidpeendbiicedifihctidBalawpiessi®f oOVESTC Helelo epvippends aand

conbi nati ons of conmpounds which could be used anal ogously. In one

enmbodi ment aspestefitke ipyeniioded a nethod for identifying a nodul ator of a
VGSC whi ch nethod conprises the steps of: 25 (i) providing a cell in which
the functional activity of said channel has been énhanced as descri bed
above (e.g. T{??’in'v&‘ftfcﬁlaﬁi’tﬁ& drBGd&ONeaMS FirhQihiAingR VESTn AfchGldl € 9. by
causing or allow ng expression froma nucleic acid encoding pll in the
cell); (iig¢xpeassicactiwhich(ldisbeet énhanced) wilichewdthgd canngrisehthersedp ofn t he cel |
with the test conmpound 30 (iii) measuri t he tivity (e.g. the current
nedi at ed bycct%tléﬁéﬁaéh?m’ég?’i‘%ﬁ&“@“@ H‘Od{l{}’g"rﬂg‘gg‘%ﬁce of an activator) of
the channel. WD 03/016917 PCT/ GB02/ 03852 22 Preferably the activity before
and after the contacting with the test conpound will be conpared, and
optionald y Thecdr@dotihg $Rpagdyi e diyiveldrlin biero¢ &y destibeddn widrb détakt betodul at ory
activity of the test conpound. Conpounds may therefore be identified that
are s capabPDee sfitablsiysignt fog tasties arotpletien (e 1zhikiigror Hegkrgedfp&inds may have

th ti i t t { { t] diti . i at ed
wlthovese syt SSS dRE Rk SRt RD A i S S Rl A BE T e
present i nvepidhQBs PRYwO OBRIRY Q¥R firledting hddulRa ARUisci6da NS inl Y @nal ogous

to those well known in the ait - see e.g.. WO 00/16231 (Navicyte); WO
97/01577. Membrane currents are conveniently measured with the whole-cell

15  configuration of the patch clamp method, according to the procedure detailed in the
Examples. Preferred voltage clamps are those in which the cell potential is stepped
from the holding potential of about -90 mV to test potentials that range from about -
110 mV to +60 to 80 mV. In order to isolate TTX-R sodium currents, TTX, 4-
aminopyridine (AP) and CdCl, were used with tetraethyl ammonium ions (TEA), and

20  Cs. However those skilled in the art will be aware of other such compounds and

combinations of compounds which could be used analogously.

In one embodiment there is provided a method for identifying a modulator of a
VGSC which method comprises the steps of:

25 (i) providing a cell in which the functional activity of said channel has been
enhanced as described above (e.g. by increasing the concentration of p11 in the cell
e.g. by causing or ailowing expression from a nucleic acid encoding p11 in the cell);
(i)  contacting (directly or indirectly) the channel in the cell with the test
compound, '

30 (i) measuring the activity (e.g. the current mediated by the channel, optionally in

the presence of an activator) of the channel.



00/ 14540 (Ti botec); DE 19840545 (Jerini Biotools); WO 00/12755 (H gher
Council for Scientific Research); WD 00/12705 (Pausch WH, Wess J); WO
00/ 11216 wOBBjosaet - Myer s Squi bb); US 6027873 (Genencor | nPCT)GBIRA3§F2835071
(Carl Zeiss; F Hoffman-La Roche); WD 00/ 03805 (Conbi Chem); WD 00/ 02899
(Biocept); WO is 00/02045 (Euroscreen); US 6007690 (Aclara Bi osciences).

I nteraction between pl ] and VGSC The2d nteraction of a pll peptide and a
VGSC may be investigated, optionally using fragnents of one or both
proteins. The proteins or fragnments nay be |l abeled to 20 facilitate this.

For exanple the proteins or fra nts can he li.nked.t |i:Ag..part ner,
e.g. a | dhefrableibhaptijisbaiere ag 3%131‘. tﬁ@cqﬂg g W %8}5?8?8@?5%& 1?%)5 partners
are well known in he. ar.. . . A cRAtwithK efodaR@ounds

expr essed REPAFS; W‘fé"pgl.oél?ﬁ@éag%% %ﬁ¥gﬁg?wgyggﬁrr§odi msl_nt the pr otgi ns or
fragments nay;:herhadisotabshed. (Radicohababy tigrabrepepdéntidicddlat atse achi eved

using various methods known in the art. For exanple ng%gl%i des can be
| abel | ed Wiabibleof adtolatng the actvitopke Y HS6ughich semppuns AFi ng agent or by

covalent labelling with a materi al capabl gl t rth a
pepti de ( shelBPeHICUSEihEF TeaWnSHE LY prgger&?nd)??: glﬁ:dtlg‘?lgsg%l&cic?aﬁg&%gggg% ution of a

30 radi oactj.ve_ i UghedBiaddfely. tritium for an atompresent in the
pepti de) o’f'cué‘%%-aggr%s?ﬁlﬁ%dnlﬁlne \;cvhi cah may be incorporated into reconbinantly

produced proteins. WO 03/016917 PCT/ GB02/ 03852 23 Generally, radiol abelled
pepti des containing tyrosine will be prepared usi by tritium
exchange. Bethods sf thegressnt W&f?nt@flii%%’?bfl%‘?ﬁ%e%\k&l ghgtgrér%ﬁ rtdq'glgee%t her patent
and ot her publicatig@ns, f eghni gue® ayasiabiNevicgte)t WO
radi ol &bel EWSOgOBF%"c & Wﬁ@%@&%%@%éﬁn, thg term "radi ol abel ed" describes a
product thgh/1has Bgeied; BELBSHESHS! (Ferni Bactbolisy BVORY! 13758 (Eligher ¢pecllar i ous
known net hods, such as by coval ent | abel i r&gﬂpj\'}v co%ahfﬁgoﬁila% ng, by a
direct subgdriScintifin Restanaty; WD 0942205 karsstiNH: Wist od! ef "sui tabl e
detectabl e | abels inc|ude.t bagr 8885071 (U=StZdésn®. 10
Reconbi nan@%ﬁStB]erE’tseérﬂ“g?%at@gﬁoméﬁér&ggg#@gfessed as a_mf usi on protein

Hoffman-La Roche); WO 00/03805 (CombiChem); WO 00/02899 (Biocept); WO

15 00/02045 (Euroscreen); US 6007690 (Aclara Biosciences).

Interaction between pl1 and VGSC
The interaction of a p11 peptide and a VGSC may be investigated, optionally using

fragments of one or both prbteins. The proteins or fragments may be labeled to

20 facilitate this.

For example the proteins or fragments can be linked to a coupling partner, €.g. a
label. Techniques for coupling labels to peptidyl coupling partners are well known in
the art. Labels may be fluorescent marker compounds expressed as fusions e.g. GFP.
55 In another embodiment the proteins or fragments may be radiolabeled.
Radiolabeling of peptides can be achieved using various methods known in the art.
For example, peptides can be labelled with a radioactive isotope through use ofa
chelating agent or by covalent labelling with a material capable of direct reaction
with a peptide (such as iodine), as well as by direct labelling (substitution of a
30 radioactive isotope, such as 140 or tritium, for an atom present in the peptide) or 3.

methionine which may be incorporated into recombinantly produced proteins.



contai ning an epitope which can be | abelled with an anti body.
Alternatively, an antibody against the proteins can be obtained using
convent i owelodoediodol ogy. In a further aspect of the inveRCIraR205852

| abel i ng net hods descri bed above are used to 15 identify the pl 1 binding
site on the VGSC (and vice versa). Such nmethods will generally conprise
the steps of producing a fragnent of offe or both proteins, and contacting
said fragnent with its binding partner (all or part of it) and,determn ning
whet her bi Gnengllpcediotabeledpentidps songrieing tyrpgne Wik be BEPareUsing he’> Phbel | ed

d\ t d.to facilitate,.t det.ectd £, bl ndi le, i
order to ; SdRirD tREErnarng S PEERSr i, B REh SRRl O 2
the VGSC b %{eﬁﬁﬁﬁ $tRerGRiBliBdtIdns AoHg el kddBnigLiéseavaRNbIb BortiBS A labRIIgE er I ed

y

fragnents e selected fromthée N-termnal intracellular domain of the
25 VGSC, f grocexand esefliherimihawrmdiadioldbeia” teribes & hrodugt thathas beersequence

as given in SEQID NQO. 2. P eferaﬂay fr%gments rf%.lgrdesen}1 sgguence whi ch
are bel Fevatfashsdisea resfipineippe By 4Bk tB° FHIOWE AR methgdsFich 45 ?8001 Rhel |
conser ved \/ ; f : 1.8 nel of SEQ
D N0 2 el REr Ga e pEeale 875 drEAUEH Al aa B AeBORTe 0 1o,
30 WO 03/ 01881444.PCT/ GB02/ 03852 24 As described in the Exanples below, it

appears that the binding site for p 11 on the rat Navl.8 channel lies in
the N-termnal intracellular domain between am no acids 53 and 127 (wth

reference to. SEQ.]I n ref.erahbl y .bet \ [ 981e/D5 and 102.
Simlarly, (?tﬁgr %@ﬁﬁ:&%acéfp{%lg?%s %ﬁcﬁl&‘% tatg(lé)) S%{%lea{%ra\g?%%ngc aﬁ%e I.le\'/i aab
region gt gy ' : tdiidad alsefheeemesct as SERidAin 4) . Sini | ar
met hodsl% m%@c%%b%ﬁa%ﬂ?gﬁug?aﬁ?rﬁse or9i dentig)s/&bi ndi ng siﬂtq;s,i n ot her VGSCs
or pll peptdodizsning Bh apitayg Wirclyeanrttesaledled tvathi aneantibede dAlignativelh@n GST " pul |
down assay". This is escri ped ig more det.ail in %.helExe loofg her ei nafter,
wher ei n r atanibadypesinst HedBOISHIS §aR BE OPAINEEESIHE S ERUpHR ng cBon was ni xed
with fragnments of SNS (Navl.8) Nterm nal which were fused to GST nade in
bacteria. These protein conpl exes are

In a further aspect of the invention, the labeling methods described above are used to

15  identify the p11 binding site on the VGSC (and vice versa). Such methods will
generally comprise the steps of producing a fragment of one or both proteins, and
contacting said fragment wi;ch its biﬁding partner (all or part of it) and determining
whether binding occurs. Preferably one or both partners will be labelled and\or
tagged to facilitate the detection of binding.

20
For example, in order to identify the binding site for p11 in the VGSC, small

segments of the VGSC believed to contain said binding site may be tested.

Preferred fragments may be selected from the N-terminal intracellular domain of the

25  VGSC, for example from émjno acids 1 to 127 of the rat Nav1.8 sequence as given in
SEQ ID NO: 2. Preferably fragments represent sequences which are believed to be
either unique to the channel, or are at least well conserved among VGSCs. Preferred
fragments of the Nav 1.8 channel of SEQ ID NO: 2 may include amino acid positions
1 to 25,26 to 50 and 51 to 127.

30



col |l ected by gl utathione beads and pl | is recovered only when the VGSC
fragment has one or nore binding site(s) for it. In other enbodinents, co
i mrunopr e¥0PBMAWIDN or an overlay assay can be done in pl ce/GBo2iosssaddi ti on
to the 15 "pull down" assay. After narrowi ng down to one (or nore) of the
N-term nal fragments, the binding site can be further investigated e.g.
using point mutations by reconbinant PR or a uracil containing vector
system (Journal of Physiology (1999) 516.2, 433-446 cAWP- 2 0 dependent
phosphor y| ats descritfedtih éhet Bxtangdiest skaw-it anpears gt thedtindige siseivs pdbae theodi um
channel SNS. E.M_Fitzgerald Ckuse, J. d,.A C Dol phin,. .S J.
Moss). SiaddNaHS ‘f}%%na%ﬁleé %e&?e&mr@gwrég%ﬁ'ﬂ%%ﬁai@ﬁbegwﬁ% FiRscri bed
above of a [ iy R i fad fhivio Shi@s t

r econbi nant3 %%%ﬁl?rzwg&é%eggeeﬁg’e@ mw@étzg’gd%p?éefrefﬁi?};\yalfb@?r agnents may again
be tested @s5gndi102t BaniGEl, tipulat p A5prdeimbindstedls rat dapt 8 chemiey viadent i fy t he
interaction site between the VGSC and pll. Oécetm\ﬂg%l éj ed the binding
site may becgiodet aainpmenls dp ieds (WikraiyepedaseR | £7-c SULRY MERRES; vely it

may be used direct| . Q. as.a bingdi : ' M pebfigkhage

di spl ay) tdn@'cbee‘ésﬁd%f%focg%%%ﬁ% ?ﬁ%&%@g@%‘%&e&? Ii;(ggl]%]BAOZ/pg 852 25 Assay
for nodul ators of interaction In a further aspect the present invention
provi des an assay for a nodul ator of the functional expression of VGSC in

a cel |, whiRindiagSmgmeatsman de sdentifed nopsthefGSTpwl dovg #6aY ntlditisnt act a
VGSC, a pl 1 peptide, and a.puytative dul ator ,5 €0 er conditi
wher e thg \F@S‘%ﬁgﬁldnm?ée aﬁtiﬁl"wleﬁ’flé%aﬁggﬁggm Fre erf‘grcfﬁl? ga?gr?gg)?éggcapabl eI o:‘ ol
form ng a Epgmcgé ;ki)n @@é—}g):elfr%%alfﬁdf&ﬁoﬁ Bais A8 ERitR frabmbht bf SNE (WavL.8ypl ex

formation used by sal ator conpound. 10 The present invention
further praviteesnsrvidslsayre fosedao Gfiimmadeain tattetine Thensprotematomplsyss asi on of

a VGSC in a cell, which assay conprises the steps of: a Lnging jnto
contact a VeBertedby bR dEads ARl PAT (AL oG VOB Rt

has one or more binding site(s) for it. In other embodiments, co-

immunoprecipitation or an overlay assay can be done in place or in addition to the

15 “pull down” assay.

After narrowing down to one (or more) of the N-terminal fragments, the binding site
can be further investigated e.g. using point mutations by recombinant PCR or a uracil
cohtaining vector system (Journal of Physiology (1999) 516.2, 433-446 cAMP- - ‘
20  dependent phosphorylation of the tetrodotoxin-resistant voltage-dependent sodium
channel SNS. E.M. Fitzgerald, K. Okuse, J.N. Wood, A.C. Dolphin, S.J. Moss).
Since the target cDNA (e.g. corresponding to a fragment described above of about
one third of N-terminal domain) may be fairly short, recombinant PCR may be
preferred. Mutated N-terminal fragments may again be tested e.g. in the GST “pull
25  down” assay, to precisely identify the interaction site between the VGSC and p11.

Once identified the binding site may be modeled in 3 dimensions to produce
mimetics. Alternatively it may be used directly e.g. as a binding partner (optionally
in phage display) to screen for compounds.

30



conmpound under conditions where the VGSC and the pl 1, in the absence of
nodul at or, are capable of form ng a conplex; and 1s b) exposing the VGSC to
a stinmul \wogBoisas to produce to a sodium current acrossPaTmaBMOZIE | n
which the VGSC is present,.c) nmeasuring the degree of inhibition of the
current caused by said nodul ator conpound. An inhibition in the current

i ndi cates that the conpound is a potengsial nodul ator of 20 VGSC activity.
Such a conpound nmay have therapeutic use in the treatnment or prevention of
condi t i ons 485 g6 mb&elamird bf Mebctiant i vity, as described in nore detail

bel ow. One assay format which is widely used in the art to st fgy t he
i nt er act i ol afurthgpaspest the presem dnvegtion pigyidsy pR P%?%@M"dltﬂi@r%é Sy may be

adapted for. use iin_the.pre L nvent | - i . conprises the
expr essi onﬂfnﬁagn‘r‘]’]lgﬁ’reﬁ%&f sz?agﬁelhg v(\:/(g)ll’ ‘*ﬁ@gl? 3@%%?9&8%&%%%@%%%9 on protein
conpri si ngy DNeriBT%iﬂg e copme 2V GBBD) p1 Bp&tide amdtagitstbashodafidr bi ndi ng

domai n, and the other being a fusion protein con'f)r_i Si ng) an activation
domai n, s suctmpsurtdnatdef candit@ns vhere P VESC andl haphl.dn dissabsenrs dost cel | 30

(which may be bacterial . .yeast,.insect or nmral i an, particularly yeast or
mamal i an) HW@E“E&?“FWWW%%@%PEW%@H@%%§’EITCFuct with a promoter conprising
a_DNA VO 0%?)016%Qeés&%figtﬁ@ﬁ@%@@%Mb%%nmf%ehagx%ﬁﬁa%%aﬁw@am e with-the
DBD. The reportéer gen€ may be a reporter gene such as chl or anpheni cal
acetyl transfielaseonpsahd.erase, green fluorescent protein (GFP) and

P-gal act osi dase, with luciferase being particularly preferred. 5 Two-hybrid
assays nmay be in accordance with those. disclosed by Fields and Song,

1989, Natu 340; 245-246.. 1n : Lagl in (DBD) .
and the 1 HERGLT PR PG atf BB as AR R ol R RUoP LA Tl
transcri ptie@frebR6d 6f 2 VESE fntsed, Which Agsal icbmprisssdhesiegsnat: mol ecul es.
respectively whose interaction 1s to be investigated., A functional GAL4

transcriptiapn f dcingingiistorcostact 24 GSA), ¢ phhaeptidgoant(r prtEEMedulger | nt er est

T LA RSN SEULER AR O, P BRAG  (1 Ve

modulator, are capable of forming a complex; and

15 b) exposing the VGSC to a stimulus such as to produce to a sodium current
across a membrane in which the VGSC is present,
c) measuring the degree of inhibition of the current caused by said modulator
compound.
An inﬁibition in the current indicates that the compound is a potential modulator of

20 VGSC activity. Such a compound may have therapeutic use in the treatment or

prevention of conditions associated with VGSC activity, as described in more detail

below.

One assay format which is widely used in the art to study the interaction of two
25  proteins is a two-hybrid assay. This assay may be adapted for use in the present
invention. A two-hybrid assay comprises the expression in a host cell of the two
proteins, one being a fusion protein comprising a DNA binding domain (DBD), such
as the yeast GAL4 binding domain, and the other being a fusion protein comprising
an activation domain, such as that from GAL4 or VP16. In such a case the host cell -
30  (which may be bacterial, yeast, insect or mammalian, particularly yeast or

mammalian) will carry a reporter gene construct with a promoter comprising a DNA



capabl e of activating transcription of said reporter gene. Thus two hybrid
assays nmay be perforned in the presence of a potential nodulator 1s
conpound wod3vh®1ef fect of the nodul ator will be refl ect e@CirrGRop®3sshange i n
transcription | evel of the reporter gene construct conpared to the
transcription level in the absence of a nodulator. Host cells in which the
two- hybrid assay nay be conducted incl @de mammal i an, 20 insect and yeast
cells, with yeast cells (such as S. cerivisiae and S. ponbe) being

par ti cul ar Ibjnging tlemeats, competibla praththe DED-bEREpATten sene Hwy bs areetsray al so be
assessed in nma lian . cells. . I or cell .li.pes _are der] i (over)
express thege@'@;g&f%i RE bfﬁlpgﬁeﬁlfcafgcféﬁ B%‘E%CSIP&S%A%CI%FSFT#I? %neﬁ%%{}é grrlt uﬁ%pﬂof .
endogenous| ;% h @ $athcRsidas® withNudiR@ase MREI Bk B préfewed) expr essed pl 1.
This can be( é?rjle b?/.%%( go)s%ransfecti ng theﬁl\yg%c wi?’Lp or without pl 1 into
the cell. Any cell may be chosen and VGSC expression and/or pll expression
may be transient or stable. The effect of. pll on .t he  V can, _.be

det er i Aied BYOWSHHAATAES T8H F MaccadrRssvih Hog, claped by g ahd SOt

(over) expr eggl d | g2 PRI $iRNREMBHRALE acll OF Show
| ow | evel se@bﬁiﬁg?%ﬁozgéwg%.@' g]%gir? ah\%aé%g of rreaslurli %g t he g%]gjct of pll on
the VGSC arde bynasipayhdl@etivigiogiveain (QADNOIAR Peh6OGALRTROSERBRREOO IRIG 27
nmenbrane | ocalisation of the VGSC in whole cells or in isolated nmenbranes.
VGSC | ocal drs ftsedito Baringend seeond geplegplesiesnseke s AP HEFTIHOBE 10fCar

| MMUNOT | UOTescence s assaYs:. Pk B% MESLELA, BLAL 0. 8Ls BRIRIARG,Lr acti ons or

by toxin bify? rane fractions. The interaction can

al so be der ¥Ry kS ofRiteedt RAGD TRGE Rhierction ofhe aysedUlesihayt bemdasuEsaC.
I nhibitors of the interaction will inhibit the functionality or the

menbr ane | deathiesia¢ bOmrapbrisGRGe operablidinksd tona GHLAJINA| hinding pitewhishtiat i on
bet ween pll and VGSC.in the cell.s éfvecLl) ex]tqressi ng pl 1. Another assay
format neastAPeRle @i pEREDS TARSCHPUER g SAHEPPYF EC e he | nteracti on bet ween 10
pll and the VGSC by | abelling one of these proteins with a detectable
| abel , as described above, and bringing it into contact with the other
prot ei n whi Thudte® Heed aspt an dk pgrfommalin theprdsamae af & pdteutiad mpplotator ei t her
prior to or after proteins have been ) . .

‘ 15 compound and the effect of the modulator will be reflected in the change in

transcription level of the reporter gene construct compared to the transcription level

in the absence of a modulator.

Host cells in which the two-hybrid assay may be conducted include mammalian,
” 20  insect and yeast cells, with yeast cells (such as S. cerivisiae and S. pombe) being

particularly preferred.

The interaction between p11 and a VGSC may also be assessed in mammalian cells.
Cells or cell lines are derived which (over) express the VGSC in a zero pl1

25 background or in the background of endogenously expressed pl1 or in the
background of (oiler)expressed pll. This can be done by (co)transfecting the VGSC
with or without p11 into the cell. Any cell may be chosen and VGSC expression
and/or p11 expression may be transient or stable. The effect of p11 on the VGSC can
be determined by cbmparing jon flux across the channel in cells (over)expressing p11

30  with those that do not (over)express p11 or show low levels of p11 expression. Other

ways of measuring the effect of p11 on the VGSC are by assaying the extent of



brought into contact with each other. 15 The protein which is optionally

i mobilized on a solid support nmay be imobilized using an antibody

agai nst tweto3pr@®i®ei n bound to a solid support or via ot hePCTtGRIRNBESRQI €S
whi ch are known per se. In the Exanples which follow a preferred in vitro
interaction is illustrated which utilises a fusion protein of the SNS

sodi um channel (Navl.8) fused to glutathione-S-transferase (GST). Such a
fusion protein 20 may be i nmmobilized on gl utathi one sepharose or agarose
beads. In aRerhBrané localinsisayf theri@EC af whble celiper idésdatededmbbowe YGECput at i ve
i nhi bitor conpound can be assayed by deternining its ability to dimnish

t he amount logalisptifinedandy agsessed(by’ @tlb? eStEpmPey §¢ ardgg%qqoggareﬁcé;ng? nafter)

whi ch blndstoth hi's may
be det er mi &Y ¥ r‘gesttelmﬁgcitén%&qﬂéeﬁ% i ﬁ?«%}ogg?} Bz@%lﬁlghg%% %/lga-cr yl am de
gel el ectr oRNQbESkMbrand RfiR! THEInYeradtivn dapams bewrlyribeal mlcnsed to r enove
unbound protein and the anount of protein which has bound can be

det er ni Bed ibynwoprecipigtion essapoefinl 1ehd VABES . Iph@ﬁ@WtOfthﬁrﬂnteF%ﬁﬁOé)‘«‘éle e, a

t abl til] t 30 ,Anot h t
enhanced | dRPREPIBITIE) Bogcht Mo IS §a) Gieor b AR5 0sees 28
(DELFIA) ( &oﬁ%ec‘i’ﬂﬂaﬁ%g %gtlveeﬂ_ FaﬂcﬁV@S@qh'tﬂe m&%@v@ﬁ§ﬁl‘é3§ﬂ%ﬁf’ﬂm for

measuring t eraction of macr onol ecul es. Typically one nol ecul e
(either VGSC or pll) is |mmb|I|sed to the surface of a nulti well plate
and the other nolecule is added in sol ution fo. thi ﬁ %ct 'boﬁ%Of t he

bound par t népother ageayi @@@@FIBVSH@F Agedlys 4bero eF ©gHEs ‘?ng%q‘lo& EhEiRt e of a

rare earth g‘ﬁa dSIéT?’K{%rdo% %1??% Bﬁgﬁﬂ@é%}fxb%ﬁ%ﬁ%&&e&é’oﬁ el b@teraCtl ng

nol ecul®® or ex via an antibody to the

ol ecul e ordésenﬁéa%@% epulbesg@piit iameconf@t whh ter staér pretein whlhhhasnlbmul e may
be attached to biotin and a streptavidin-rare earth_chel ate used as the

| abel . The optiomalleammiabilisedion & selitesupaprs| cither P te OF BfFT PRYICEARAYS BRSE t er bi um
or dysprosi ter to wa n remove unbound | abel, a detergent

cont ai ni ng ]PrBMEQPPtHLFPP@PthQ 6‘%@%&?0 di ssociate the rare earth netal from
the chelate. The highly fluorescent netal ions

15  The protein which is optionally immobilized on a solid support may be immobilized
using an antibody against that protein bound to a solid support or via other
technologies which are known per se. In the Examples which follow a preferred in
vitro interaction is illustrated which utilises a fusion protein of the SNS sodium
channel (Nav1.8) fused to glutathione-S-transferase (GST). Sucha fusion protein

20  may be immobilized on glutathione sepharose or agarose beads.

In an in vitro assay format of the type d_escribed above the putative inhibitor
compound can be assayed by determining its ability to diminish the amount of
labelled p11 (e.g. the GFP-fusion described hereinafter) which binds to the

25  immobilized (e.g. GST-SNS) sodium channel. This may be determined by
fractionating the glutathione beads by SDS-polyacrylamide gel electrophoresis.
Alternatively, the beads may be rinsed to remove unbound protein and the amount of
protein which has bound can be determined by counting the amount of label present
in, for example, a suitable scintillation counter.

30

Another assay format is dissociation enhanced lanthanide fluorescent immunoassay



are then quantitated by tinme resolved fluorinetry. A nunber of | abelled
reagents are commercially available for this technique, including

strept aviwoms/os? bodi es agai nst gl ut at hi one- S-transf er apeTarBI2A8K52 NSt
hexahi stidine. 15 In an alternative node, the one of the two proteins may
be labelled with a fluorescent donor noiety and the other |abelled with an
acceptor which is capable of reducing2g8the em ssion fromthe donor. This
al l ows an assay according to the invention to be conducted by fl uorescence
resonance @EILIENA)Y(Ogasfeer/, ( FRET)Thislina solidphmsebaset lvpst@0 f61 measesogthce si gnal

of the donor will be altered wh the t i i

of & cand améwmfmﬁmacéq?w@%ﬁ% oAl et maresie O VRESG eTR B i o
i ncrease or degcr.ease e_anm . :Si : '
donor - FreP gt LS e BT SuRR S bt PoR olid B4 hb UBLPARERGR S habflin O | 00

donor and gaGeRt Qfihis2 DIRKies o &S bals pdrmerBaRhichyd Whisii Ayl are |inked to
the pll and a VGSC protein may be ac%o%j@i shed by refﬂ% encz to
S

:c : t er at sir e conbisting f e chelticof abat wedinmgtay datgl pan be ﬁﬁ?tl&?%@hﬁ‘étc’:r{g‘gsur ed by

fluorescence pol ari satijon. Typical| bindi n artners.. i ned

1) sol at ed pfﬁ%ﬁ% PAleGHG AT mf?@%g I’l@?ﬁdﬂ:‘éd @Jﬂ? FURRIES g1 aglsa%P%(g:@n@?%e:nt pegtS i des
r as puri e 1l r ; I | th 11

fragment s CHE AR o e A L e B b5  Otasar  ©

PCT/ GB02/ 038&Red 29biotih AnVESEemaptindes earhchaantiserdgs thetabek ahgirate t he ful |

N-term nal cytoplasmc portion or parts thereof. For, exanple,,in the
of the rat englviised in Heelaedl may beﬁﬂQ%WéW&&%Wblﬁﬁyor@gﬁlﬁfP%@' ;ff#eﬁo aci 82523

to 127 or 75 to 102 of S t i
sui tabf® fr GIFEBE %re%vegg%@slg@ <a11’rr211 %%erg%tgtsaﬁt%g gs qﬁ{)p}t%?ﬁ%f?ﬁ%%%ﬂelhtggrl\g e|4-nl,
Either of hgodide (RERtd &t hétal i dssaplats Thrlddghle dunicstenamstal icdsl e | abel

typically a fluorescent |abel. The fluorescent peptjde { | aced in a
sanpl e t ubereathdn quaridated byrtimiegesoigrifluosmsty sA AUrREbHRJALH egégacﬁ?’iﬁf Ay filter

oTe b e SRRl HURRIE bbb e S REIESR o |5,
scattered iéi‘ut@éhkqn@@—ﬁﬁﬁéf&ﬁ% and S M SiheR4histitene.
15
Tn an alternative mode, the one of the two proteins may be labelled with a fluorescent
donor moiety and the other labelled with an acceptor which is capable of reducing
the emission from the donor. This allows an assay according to the invention to be
conducted by fluorescence resonance energy transfer (FRET). In this mode, the
20  fluorescence signal of the donor will be altered when the two proteins interact. The
presence of a candidate modulator compoﬁnd which modulates the interaction will

increase or decrease the amount of unaltered fluorescence signal of the donor.

FRET is a technique known per se in the art and thus the precise donor and acceptor
25 molecules and the means by which they are linked to the p11 and a VGSC protein

may be accomplished by reference to the literature.

The interaction between a VGSC and p11 may also be measured by fluorescence
polarisation. Typically, binding partners are obtained as isolated peptides through
30 chemical synthesis or as recombinant peptideé or as purified peptides from tissue or

cell sources. Full length p11 or fragments thereof may be employed in combination



rotational behaviour of the small peptide in solution. This rotational
behavi our changes when the peptide interacts with its |arger binding
partner, wegltddmy in retention of the polarisation and PedGRod/osssatt er of
the emitted light. Inhibitors will is be screened by reading out the
changes in rotational energy of the conplex fromthe degree of

pol arisation of the emtted |ight. Sui2®able fluorescent donor noieties are
t hose capable of transferring fluorogenic energy to another fluorogenic
mol ecul e omwifiaY 6S6f peptidermppuesahtiagdor exdmpde thefill Mrtermipd ctoplasingg t ed t o,
coumarins and, rel ated dye uch as. fluorescei r hodol,s, and. r hodam nes,
resoruf | ns,P_OEtx‘f%)rﬁrrPé“ﬂ)";}l%?O b?%‘?f@?,plea&rﬂ icﬁ%es?ﬂﬁifﬁtﬁglgf‘§§Parggh§yl dyes,

ami nopht halshﬁaﬂgé(ﬁﬁgxﬁéﬂqﬁ?f r?s%ahfﬁge R8ks ANE 105 Y02 ESEYADINGS,

anm nopht hal'i'ni des,~am norfapht’hal i m des, am nobenzof urans, am noqui noli nes,
di cyanohydrnoquitioses of thiedatenln qpotsim suitibleedygimentscoapt@npisecantne adids 34 25
conpounds. Suitable acceptors include, but are not limted to, coumarins
and rel at edo 77 06 SEQIBRONES 3 xant henes such as fluoresceins, rhodols and
rhodam nes, resorufins, = cyanines, difluoroboradi azai ndacenes, and

pht hal ocyani nes. 30 A preferred donor is fluorescein and preferred

accept or s imgleHeehE BRE PR A the W39 3¢ RBORY AvitiCd 56HADBRY 18B&A 53 picaly a
3

carbocyani ne. The isothi ocyanate derivatives of these fluorescein and
rhodani ne, fluvescérbatel fFhsrluaracent pediders plareddorwmple e ad | | i ngham

car bocyan HEotG BT ERARAre e vt o Bpians P onalls FBEABE NGy o

1995. 3 Rat HARD WP bOGkJiteld® MRl BEROIGR arkltthByitkee lighelser red i n
assay f Srmat's r?% det ect Q’T atlbel g%}}ﬁ%‘mi nteer gct i ons using surf alge enhanced
Raman specthesardy TheaRBed light willisd swattered realb didections hacrise fhthan
spectroscopy (SERRS) (see e.g. W97/05280), 1(} . . .

rotational behaviour of the small peptide in solttion. This rotational behaviour

changes when the peptide interacts with its larger birding partner, resulting in

retention of the polarisation and reduced scatter of the emitted light. Inhibitors will

15 be screened by reading out the changes in rotational energy of the complex from the

degree of polarisation of the emitted light.

Suitable fluorescent donor moieties are those capable of transferring fluorogenic
energy to another fluorogenic molecule or part of a compound and include, but are
20  not limited to, coumarins and related dyes such as fluoresceins, rhodolé and
thodamines, resorufins, cyanine dyes, bimanes, acridines, isoindoles, dansy! dyes,
aminophthalic hydrazines such as luminol and isoluminol derivatives,
aminophthalimides; aminonaphthalimides, aminobenzofurans, aminoquinolines,
dicyanohydroquinones, and europium and terbium complexes and related

25  compounds.

Suitable acceptors include, but are not limited to, coumarins and related
fluorophores, xanthenes such as fluoresceins, rhodols and rhodamines, resorufins,
cyanines, difluoroboradiazaindacenes, and phthalocyanines.

30

A preferred donor is fluorescein and preferred acceptors include rhodamine and



An alternative assay format is a Scintillation proximty assay (SPA,

Amer sham Bi osci ences, UK). SPA uses m croscopi ¢ beads containing

scintill awD oBlatvitan be stinmulated to emt light. This sPCERGRIRI0sRs2event
only occurs when radiol abelled nolecules of interest are bound to the
surface of the bead. Specific bead types may 15 be produced with different
coatings for specific applications inctuding; receptor- |igand binding,
enzyme assays, radioi nmunoassays, protein-protein ‘and protein- DNA

i nt er act i orabodfedireatBressahiocyrnetealetivaiive2 0f fhsse flheresseineadithedantinhiods of t he

t d wh hav t VGSC
f umet 1 onal SRIAbEED rgléf{'lgsagﬁﬁeﬁwéﬁ@wwﬁé%g e S8 Pt o by a
direct effe %e rial;eh(?h t.ﬁf;o \?@%{n‘?ézi%loi’cé}%o@aﬁﬁl'é' &4 f&rexﬂfh%l/ee@ﬁé ng the

interaction ween p In oné aspect, a conpound for use
i n downr egut alt 1.8jof. tanem.,cmat 2B5QEE499HNn of a VGSC may be a compound which
bi nds specifi cal | y to the VGSC and/or the pl 1 peptide. For exanple, such
a conpoénd nay bind to the intracellular domain of the VGSC, such as in

t he region no, aC| s. b3 to 7 f sodi um
channel }% E‘Ih Q%estﬁglceillgectlgn it ns‘xq)tgeéﬁ% drlgggsog%r{ﬂg?sa varl ant. 30

channel , 0 fdefRY1aBE19 End [htérﬁéhdn@ @lklﬁ@ s@ffacd ®hRghca€ Rdfmad 3pécrogcop9{(SBRH), 11
peptide as given in SEQ I 47 or an equival ent region of a variant pl

1 pepti de. oﬁsmmmhmwmm@nam%mm@wmmiéﬁwséiserm;gther efore prevent
bi ndi ng bet ween té%%) VGSC and the pll peptide and thereby prevent the
enhancementW&P 74 ) uncti onal expression normally caused by pl 1.
Conpoqus (put ative VGSC nodul ators) which nay be used may be natural or 5
synt hetiic chem cal conpounds used in drug screening progranmes. Extracts of
pl ant s whi cin glesrhatlvie ssewebahatdhaBeintiBaticgooximityraskayr @PHe Angmghasbnponent s
may al so. be used. In preferred enbodlgreagts t he, subst. nceE Sa/bbe provi ded
e.g. as theBlOW@@Q%tUIé} P %eﬁﬁmrwawé?qpaq BP%TF%’AHEWCSI‘P LA el | known

in the art SUcBR e amBHbIkgPat ent s,
7(10): 1183 Lg%?d 1L}Ie Pg]fgg@a“gﬁ?g i've rmg {lat or rcorrpound whi ch may
be added t %@@cﬂ%@ﬁﬁn&?es‘t E&% Hol@ 4 theBurface of the bead. Specific bead types may
15 be produced with different coatings for specific applications including; receptor-
ligand binding, enzyme assays, radicimmunoassays, protein-protein and protein-

DNA interactions.

" Modulators of interaction
20  For the screening methods of the invention, any compounds may be used which may
have an effect on VGSC functional expression. Such an effect may, for example, be
. mediated by a direct effect on the channel, or indirectly by blocking or preventing the

interaction between pl1 and the VGSC.

25  In one aspect, a compound for use in downregulating functional expression of a
VGSC may be a compound which binds specifically to the VGSC and/or the p11
peptide. For example, such a compound may bind to the intracellular domain of the

- VGSC, such as in the region of amino acids 53 to 127 or 75 to 102 of the rat Nav 1.8
sodium channe] as given in SEQ ID NO: 2, or an equivalent region of a variant

30  channel, or may bind in the region of amino acids 33 to 77 of a p11 peptide as given

in SEQ ID NO: 4, or an equivalent region of a variant p11 peptide. A compound



will normally be determ ned by trial and error dependi ng upon the type of
conpound wused. Typically, fromabout 0.01 to 100 nM concentrati ons of

put ati ve wodahater conpound nay be used, for exanple fromCO/GBIRO3SEY nM
Modul at or conpounds may be those which either agoni se or antagoni se the
interaction. Antagonists (inhibitors) 15 of the interaction are
particularly desirable. In a further agpect, the present invention provides
pepti de conpounds, and processes for devising and produci ng such

conpounds, pyitE&eRi€pRacRbiniing Fawpal the VGSOind e pl VESEidhdpherdbyahi ch
interact with each other e.g. the regions described in the 20 Exanpl es
bel ow. Mdupteventthe whaskemens of GRG fumctiondl pxpressicromseaiy sausahbpel Her i ved
fromthe pl 1 and VGSC protein sequences. Peptide fragnments of from5 to
40 am no acids, for exanple from6 to 10 am no acids fromthe region of

pll and V%%ag&guggssﬁaﬁl@aﬁ%é vmm&hmol%s)fvﬂﬁcﬁ hey belusddaahy BEnkielaneen these

proteins may ed for their abili'ty to disrupt this interaction. For

exanpl es sugitheipttetdsal vappbenddesédiadirig soreniveg progianewess Hxtracts ddmai n of t he

VGSC such as the region, of arq'nno acids. 53 tp 127 .or, 75 to 102 of the rat
Navl . 8 -sodiPlpRtcWhish&pnigin ssverahchapctsriesd o3 weﬁarz9te%%edfcpmaoa?ﬁ%aya Pds 33 to
77 of the rat i 1ol I : tJ ies directed
{0 the it 6ogptl ThaPehd BBlaileliSnd fhoSizbocs Bllfhe dhoyidt FRLARRE ©S 2 U

03/ 016917 BedducBOR4 83863atoRa! [ittirgisudteas drbhbwtvall laompdunitsart Ganeligdat e
i nhi bitor antibodies may be characterised and their bindi ng regi ons
det er ni ned Nevtpr 60932 ExpertyDeindemal heranstitio Baerts, HAR): 1132rdheht dhe ABOBERE whi ch

are responsi.bl e for disrupting the interacti e . VGSC. A
sui t abl8 arX PBBHYS FPé\;uf?i"‘}‘i&oF‘@_g‘é‘?c{] WB%"Hﬁ?é(at\?&‘gg%@ t“hv%gdé’l &f&%“élﬁ '8 5 and
thereby prey@nfor@hiPhoaKetiBed Bf 8laR8id QRorRpYRIY ifdRSEe fipk@C tbBpound

Anti bodi es may be rai sed agai nst specific epitopes of the VGSC or pl 1
pepti de of uskd Typivally, from atieat 0.8% anpdlenMannednirdiiens afpytabize pepidglagpr

specifically against those regi ons as .descr.i hed 0 whi ch are invol ved
TRt he | nt PRTDRRR T RGRH: FHe dasle St Ore 10p pM RS e nd By M

be those which either agonise or antagonise the interaction. Antagonists (inhibitors)

15  of the interaction are particularly desirable.

In a further aspect, the present invention provides peptide compounds, and processes
for devising and producing such compounds, which are based on the portions of the
VGSC and p11 which interact with each other e.g. the regions described in the

20 Examples below.

Modulators which are putative inhibitor compounds can be derived from the p11 and
VGSC protein sequences. Peptide fragments of from 5 to 40 amino acids, for
example from 6 to 10 amino acids from the region of pll and VGSC which are

25  responsible for the interaction between these proteins may be tested for their ability
to disrupt this interaction. For example, such peptides may be derived from the
intracellular domain of the VGSC such as the region of amino acids 53 to 127 or 75
to 102 of the rat Nav1.8 sodium channel as given in SEQ ID NO: 2, or from amino
acids 33 .to 77 of the rat p11 protein as given in SEQ ID NO: 4.

30

Antibodies directed to the site of interaction in either protein form a further class of



For the purposes of this invention, the term"antibody", unless specified
to the contrary, includes fragnents which bind a VGSC or pll peptide of

t he i nverwodma/01698uch fragments include Fv, F(ab') and F(alPCxaHwagssents, as
wel |l as single chain 15 anti bodies. Furthernore, the antibodi es and
fragment thereof may be chineric antibodies, CDR-grafted anti bodies or
humani sed anti bodi es. Anti bodies of thginvention can be produced by any
suitabl e method. Means for preparing and characterising antibodies are

vel | known pugativb ebalitor co@@ofnls. ©aadidate ini@bitddantibodiermay beehard®88pd
"Antibodies: A Laboratory Manual"”, Cold S rhggakb[bor,Labora ory Press,

Col d Spri ngnéigheirdrinding regrens defeamizied to proviiesIgshamgntihedies aBdiuced by

rai sing anti body, in a t, ani_nmal i . . : i r a
fragment t lf‘@lg@c?%ts tﬁ?f@%@% e &W Ogﬁﬁggfgﬁélgﬁgg?%%eﬁf 1%8#1%%?&%%1?%?1” after
the "imunggemrisc2a st Aeshdd9mBratus dtherthpol ¥SC onte MNtpepidly conpri ses
i muni sing a suitable host animal, for exanple an experinental aninmal,
with the i rdticgehy medknt soblatk thg intermtiebgtobern thase melsailehe ani mal 's serum
The animal may therefore be inoculated wth the inmmunogen, bl ood
subsequently renoved fromthe aninmal and the 1gG 30 fraction purified. WO
03/ 016917 PCT/ / : : f i a Q ofapd | body
conpri ses |%ﬁ%§f§%ﬁ%%gg?%as@ﬁ gﬁgﬁiﬁr%ﬁ%@ﬁ% 2258 i rdeygnag)t%lﬁttﬁ)t?(jy.

Hybri doma GgldmsionB¥obexapipde uatibdins thasbagisspbmeificatiy hpainstrtiore aegitmocul at ed
experinmental animal with tumour cells (Kohler and M Isnﬁigffg%97 Nat ur e
256, 495- 49F)leswibag aborep Mhigh e mveEd iihe dTERRAIPTY PRVERISTF XN PRDDEy may be
sel ected by conventional procedure. The hybridomas nay be grown in
culturéﬁorlﬂﬁﬂggﬁga intraperitoneally for formation of ascites fluid or
into the blood stream of an allogenic host or imunoconprom sed host.

Human anti body may be prepared by in 10 vitro inmunisation of human
| ynphocyt esEorftid purpests of this mvettinptheiterm mtibedy”, unless specified to the

contrary, includes fragments which bind a VGSC or p11 peptide of the invention.

Such fragments include Fv, F(ab”) and F(ab’), fragments, as well as single chain
15 antibodies. Furthermore, the antibodies and fragment thereof may be chimeric

antibodies, CDR-grafted antibodies or humanised antibodies.

Antibodies of the invention can be produced by any suitable method. Means for
preparing and characterising antibodies are well known in the art, see for example

20 Harlow and Lane (1988)‘ “Antibodies: A Laboratory Manual”, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY. For example, an antibody may be
produced by raising antibody in a host animal against the whole polypeptide or a
fragment thereof, for example an antigenic epitope thereof, herein after the
“immunogen”. ‘

25
A method for producing a polyclonal antibody comprises immunising a suitable host
animal, for example an experimental animal, with the immunogen and isolating
immunoglobulins from the animal’s serum. The animal may therefore be inoculated
with the immunogen, blood subsequently removed from the animal and the IgG

30  fraction purified.



| ynphocytes with Epstein-Barr virus. For the production of both nonocl onal
and pol yclonal antibodies, the experinmental animal is suitably a goat,
rabbit, rwDoomwigyouse. |f desired, the i munogen nay be i CadBoRi0ssser ed as
a conjugate in which the i munogen is coupled, for exanple via a side chain
of one of the amno acid residues, to a suitable carrier. The carrier

nol ecule is typically a physiol ogicall3y acceptable carrier. The anti body
obtained nmay be isolated and, if desired, purified. 20 An anti body, or

ot her conpoundthodSpembviicag & ynonbeldsd] antbalymootpeises ivreertdlising aetls wikichh
preferential or high affinjt protein f I.S specific but

" ; j
does Substpaqﬁch!t}}eyiegir%aqﬁ@pg%it ﬁbjﬁ% o3 GRS %ytt??rlg\é\%f:%{;&tf&??g t5! to ot her
prot el ns.  eny b hinSbu RLLLARAN R P bni AT BAA ‘Sﬁeﬂé@i R MIeOhd Milstein Ly of

i mrunor adi ONEt T C assays rmne ng capa

an anti bod)(@rsg]\mblezlsepqm-aig‘v),t he art 25 (see for exanple Maddox et al, J.
Exp. Med. 158, 1211-1226, 1993). Such i mmunoassays typically involve the
formati en of conpl exes between the specific protein and its anti body and

t he neasurepment of .conplex for.mation.. | -further w..gdecreased
funct i onal %‘kﬁ?‘&%@?lt?ﬁgg?ﬁam\‘}é%&g eﬁ’éecg%ﬁ¥b8§%ﬁlaﬁ;?e%§1%§t%a bV%hi biting the
expressi on fromiRe YERGURE e HyBFdSKARALe S@WIrih UKD dje@éd expression
of a target gene ma)}j be achi eved using anti-sSense technol ogy or RNA WO

03/ 016917 RaiF4feRReaBBHR fordhtion nf escites Buider intn theshlagd strdaim e genes or
partial gene sequences. to down-regul ate gene expr.ession,, a nucleotide
sequence | sanﬁg%ﬂé‘éboﬁiHBEPWH%CW?IPWSE‘PS%%FWE‘@& Ynay bg 8{?8%’@%%’ m
orientation orh SARSEL 0L ' wENGy Wah&BmhidrRhenentary to
nor mal %Onﬂﬁﬁr?ﬁ%g%{g?%%%éf rom tlﬁ%lbﬁ('gsb %éss’gﬁoqjlgt r and\f\%]tl t he %ar get gene. See,

for exanpl @ympBsdytds veith Bbstéih I8y viNat ur e 334, 724-726. Such net hods woul d
use a nucl eotide sequence which is conplenentary to the codi ng sequence.
Further options for down regul ati on of gene expression include the use of

G to- spoc et Ty BATRGIRMGR befnOATR A R pgtRI Gkl EARER AR enitl ) 11
new wor | d afpihh0Qzyi RSy 4864, (@8biR ratl drihedusBi Hldediret fhe immunogen may be
15  administered as a conjugate in which the immunogen is coupled, for example via a
| side chain of one of the amino acid residues, to a suitable carrier. The carrier
molecule is typically a ﬁhysiologically acceptable carrier. The antibody obtained

may be isolated and, if desired, purified.

20  An antibody, or other compound, “specifically binds” to a protein when it binds with
preferential or high affinity to the protein for which it is specific but does
substantially bind not bind or binds with only low affinity to other proteins. A
variety of protocols for competitive binding or immunoradiometric assays to
determine the specific binding capability of an antibody are well known in the art

25  (see for example Maddox et al, J. Exp. Med. 158, 1211-1226, 1993). Such
immunoassays typically involve the formation of complexes between the specific

protein and its antibody and the measurement of complex formation.

In a further aspect, decreased functional expression of a VGSC may be achieved by
30  inhibiting the expression from the VGSC gene. For example, down-regulation of

expression of a target gene may be achieved using anti-sense technology or RNA



335, or Gbson & Shillitoe (1997) Ri bozymes: their functions and strategies
form their use Mol Biotechnol 7: 242-251.) 15 RNA interference is based on
t he use owogsmldoidoubl e stranded RNA (dsRNA) dupl exes kneem/Gao2o8ask |
interfering or silencing RNAs (si RNAs). Such nol ecul es are capabl e of
inhibiting the expression of a target gene that they share sequence
identity or honology to. Typically, thet dsRNA nay be introduced into cells
by techniques such as mcroinjection or transfection. Methods of RNA

i nterferenggedisrend?) described in, for exanple, Hannon (2002) RNA
Interference, Nature 418: 244-251 and El bashir et al (2001) Dupl exes of 21
-nucl eotide RNAs nediate RNA interferenec in cultured mammalian. cells,

Nature 411: 494-498. ificity: i net hods
OF 1dent 11 % A drtooon b phioDfer ek 4,90 R Op e Blprldfort™ TOC
met hods may fublebhi@d sdqiéhdedeplaberl wideptheotiesitof agrémeteyinabirevdrye of the cell's

in the assay e.g. by use of a |actate dehydrogenase assay kit (Sigma). This
step may prooeindtorsuch diat fensnipten gislds RN A mhighels camplen W&@Ofa'tj‘gnt of
vital cellular , functi .30 ,Ther apeut,i ¢ .C QsitionRs. KL use WO
03/ 016917 APy I Tom BeAs e SR oL e AT ke g%%%ef%g%%%dul ator” is
I ntended t ( Wnapd3alha-0b. Shen Alkavas Wil @k amvereRgINds whi ch
may be ideﬁlstnlﬁpfge}gp’g?i%r? any o% ‘the assays or design net hods of the

i nvention. sSyehcd/@RChriDdothpleoestarydierthé éading spguetve. Fughéroxpsions fardewpr esent

invention may be isolated, purified, fornmulated in a CcO si,tion, such as
a phar naceaﬁglé%tlonc‘?frﬁﬁagF{‘RIW}OndH@P@)"rthﬁé‘é‘aohaﬁquﬁg’ie&@g'g’?mg%}g i bed bel ow.

VGSC nodul at,ors as crib 1B dedrneRl /Egds ard{or purified
from tRei r“br%}’ﬂFsaIIVﬂ’g%bernocﬁg‘ﬂnt ?P{eiesr%{%‘;’ségés}tﬁgg{e%d[gl‘é? pure or honogeneous form
or free or (& ég!%é%ﬂti@hb Thé hee wokldaif fidbzyméseTuraOpirf SouwetHidi 7:3%bur ce or
origin. Were used herein, the term"isol ated" e.ncorrp(ftsses ,aIIJ of these
possi bi | i t 388, orfbibgomySlubitpodaPT)Ripezymes: their functions and strategies form

their use Mol Biotechnol 7: 242-251.)

15  RNA interference is based on the use of small double stranded RNA (dsRNA)
duplexes known as small interfering or silencing RNAs (siRNAs). Such molecules
are capable of inhibiting thé expression of a target gene that they share sequence
identity or homology to. Typically, the dsSRNA may be introduced into cells by
techniques such as microinjection or transfection. Methods of RNA interference are

20  described in, for example, Hannon (2002) RNA Interference, Nature 418: 244-251
and Elbashir et al (2001) Duplexes of 21-nucleotide RNAs mediate RNA interferenec
in cultured mammalian cells, Nature 411: 494-498.

- Specificity of modulation
55  Where any of the methods of identifying modulators of the VGSC utilizes a cell-
based system, such methods may further include the step of testing the viability of
the cells in the assay e.g. by use of a lactate dehydrogenase assay kit (Sigma). This
step may provide an indication of any interference by the test agent of vital cellular
functions.
30

Therapeutic compositions and their use



| abel ed or conjugated to ot her conpounds. VGSC nodul ators may be useful in
the treatnment or prophylaxis of a wde range of 15 disorders. Thus in a
further awpaciledthe present invention provides a phar mace®CiraEH02/03852
conposition conprising a VGSC nodul at or peptide or encoding nucleic acid
nol ecule and its use in nethods of therapy or diagnosis. In a further
aspect, the present invention provides3sa pharmaceutical conposition 20
conprising one or nore VGSC nodul ators as defined above and its use in

met hods  ofAd lned apyeafier tie agmMoSIGSC modfilatorhsrineseictb spcerheaspr@sant all nvent i on
provi des the above VGSC nodul ators and nucle'c,ﬁc'd,nnlecgéﬁs for use in
the prepar @fiteabeve mogulaiorermpones wikeh mgy be sgnti e‘i)H@“%%@é the f$58Y§ nvent i on

i ncludes a nethod o rodyci. nal =P i a kect, which

ot hod 1 nolbgeeeaam s KRB E0R S5E FesC o (RET AR PLEE ¢ 1T
present i nugithb@bf (b gidbeH: fvenedén ke be Reneel, piffied) f@RMted lra@nsm ssi on of

i npul ses al ong sensory neurons and thereby be useful in the 30 treatnent or

pr event ison cpasitive, such roa pbaroacentisalrcoprpobitienpaidfer wgd p3heraroasy

PCT/ GB02/ 03852, 3 fcute pain is tenporary, generally lasting a few seconds
or Ionger.‘%@ﬂﬂ? gSQW'LmuaIIy starts suddenly and is generally a signal of
rapi d-onset injury to the body or intense snooth nuscle activity. Acute
pain can rapidly evolve into chronic pain. Chronic pain generally occurs
over a | ongeGSCimsdysvised dssitibed sbove ey, berypavided plated apdénr puriffedirv@SC

modul ators of the invention may be used in the treatnmept or prevention of
acute or chheinnatupdenpviremens i sekstantialle pits op APROBIGPYS ﬁ&nr Ht'6°°cHr oni ¢ pai n.

Treatment b Ryl fod QaRdRd0)d A6k RS AiYedl & belbise whelkhsld faom L he

synpt ome o rease 1'nt evel pain to conplete |oss

of the pai nye RrgelAeI dtenpaRss Alher thesegioesibilidss. oThdyheayoosinaldf beai n, and
the prevention of the worsening of pain, for exanple the worsening of pain
synpt oms orlabéled pr ogyegsitridan otheppempannds.pai n to chroni c pain.

VGSC modulators may be useful in the treatment or prophylaxis of a wide range of
15  disorders. Thus in a further aspect, the present invention provides a pharmaceutical
composition comprising a VGSC modulator peptide or encoding nucleic acid

molecule and its use in methods of therapy or diagnosis.

In a further aspect, the present invention provides a pharmaceutical composition

20  comprising one or more VGSC modulators as defined above and its use in methods

of therapy or diagnosis.

In further aspects, the present invention provides the above VGSC modulators and
nucleic acid molecules for use ih the preparation of medicaments for therapy.

25
In one aspect, the invention includes a method of producing analgesia in a
mammalian subject, which method includes administering to the subject a VGSC
modulator of the present invention. Modulators of the channel may prevent
transmission of impulses along sensory neurons and thereby be useful in the

30 treatment or prevention of acute, chronic or neuropathic pain.



15 Exanpl es of types of chronic pain which may be treated or prevented with
the VGSC nodul ators of the present invention include osteoarthritis,

r heunat oiwoasoiti s, neuropathic pain, cancer pain, tri @EFiGBR/O088saral gi a,
primary and secondary hyperal gesia, inflammtory pain, nociceptive pain,
tabes dorsalis, phantom|linb pain, spinal cord injury pain, central pain,
post - herpetic pain and H 'V pain, noncaigli ac 20 chest pain, irritable bowel
syndronme and pain associated with bowel disorders. In a further aspect
there is prvdstn & teRbbat, @tndpilpMeastingnofepr egses o tongef. Aaitepiin a  subj ect
at risk for devel opi ng such pain, conprising adimnistering to the subject a
VGSC nodul aselyotartsrsadgendy ape isiganespily signal oI rpidepes Yo fheoady or

adm ni stered al one or in.conbi.nation wth o t. (e..q.
treatnents’ S’iﬁer‘?gloé’%éwé%}? 8&5’1“?’9&011 SRR gaél rké%y )O?X%elg@%?mslﬂg ﬁ%ﬁ't aneousl y,
separ at el y @S58 gt8Nchalally ocdfPSRI8 MngePame pBRoE Qi dsivBks, tddhstdreat ed. 30

The VGSC nodul ators can be formul ated 1 nto pharnaceutical conpositions.
These eonpesaisti ons may conprise, in addition to one of the above
substances, a WD 03/016917 PCT/ GB02/ 03852 37 pharmaceutically acceptable
excipirent, carrier, buffer, stabiliser or other materials well known to

those skil |”ﬁ~% \I\/;m@?ﬁ rﬁt?%dgﬁerg?rfs SHER iﬂg%ﬁﬂ}l gf{ag vehaed 4 e t@&ﬁfehpéﬂ;rpﬁe\?e'ﬁqon ghoul d

not interfer i cacy ctive ingredient. The precise

nature of dhe o&ahfon®s pai, dthpevemberte phinrmylvitepetedchooni¢ hainr dutagmerdt

adm nistration, e.g. oral, 5 intravenous, cutaneous or su cut?neous, nasal ,
[

i nt r anus cul cdipaini inintegsiedite giekuge app lpvekof relgf{roma e rpiems U5ittdhs for
ol 207 oL A ARl GRS PRI kbl o

such™as ge in or an adjuvant. Liquid

phar maceut i galenfiBABO fHeldnStDf 9HALAR thy preRéltitdefahd watsesing of paigrfosuch 10 as
wat er, petroleum animal or vegetable oils, mneral oil or synthetic oil.

Physi ol ogi cahmphd the evossshing dpaindeRiptaseordhe progegssion EoRpRUERPEDBIUL | on or
gl ycols such as ethylene glycol, propylene glycol or polyethylene glycol
may be i ncl@YUCPEBr i ntravenous, cutaneous or subcutaneous injection, or
injection at the site of 15 affliction, the active ingredient will be in
the formof a parenterally acceptable

15  Examples of types of chronic pain which may be treated or prevented with the VGSC

modulators of the present invention include osteoarthritis, rheumatoid arthritis,
neuropathic pain, cancer paih, trigeminal neuralgia, primary and secondary
hyperalgesia, inflammatory pain, nocicéptive pain, tabes dorsalis, phantom limb pain,
spinal cord injury pain, central pain, post-herpetic pain and HIV pain, noncardiac |

20  chest pain, irritable bowel syndrome and pain associated with bowel disorders.

In a further aspect there is provided a method of preventing progression of painina
subject at risk for developing such pain, comprising administering to the subject a
VGSC modulator of the present invention.

25
A composition may be administered alone or in combination with other treatments
(e.g. treatments having analgesic effect such as NSAIDS), either simultaneously,

separately or sequentially, dependent upon the condition to be treated.

30 The VGSC modulators can be formulated into pharmaceutical compositions. These

compositions may comprise, in addition to one of the above substances, a



aqueous sol ution which is pyrogen-free and has suitable pH, isotonicity and
stability. Those of relevant skill in the art are well able to prepare

sui t abl e woloawiemns using, for exanple, isotonic vehicl esPEIABRASH3ISOAI UM
Chloride Injection, Ringer's Injection, Lactated R nger's Injection.
Preservatives, stabilisers, buffers, antioxidants and/or 20. other
additives may be included, as required; For del ayed rel ease, the nodul ators
may be included in a pharmaceutical conposition for formulated for slow
rel ease, sypdinaseititally séRp@bBEkepichycamidr, fudfer, shibdsenpadthér reatpridlymers or in
| i posomal carrier systens according to nethods known 25, in ng art. For
cont i nuous welkagwa t@thqg@plgll@rbgl,th@wg Dach maeriagphedld bg PNEXs §9%t onj ugat ed t o

a water saoluble po r...such.as a |yl j bi ydr ogel
derived fr SSRGSty BB ob AL iRl TR BUERFRRIR P EIP9CN,
5, 320, 840. y(al.l agen o8Rr RaReR! ARy tbpent BRI oute Sleiastadesceigbedlin U S.

Pat. No.. 5,024,841, are also useful for sustained delivery of peptide

t her apesit i disravAhas, usaieobs opaibtitendoas,inpsdl gintremb s araintrawsriciea Ll BYics.

PCT/ GB02/ 03852 38 slowrelease delivery to perineural regions, is a
conmposi tion that includes a biodegradable polyner that is self-curing and
that forns I g E r |4 ! bt essme. Such a
composi 11 of e RBLR prp kit (bl ednflE R bt b e o s
Pept i des ( feivdexaThjuid foumh sasblehome indsdegnedidanrritr sedvasrgsthtinor ianhi bit t he

interaction of pl 1 and a VGSC as descri bed@%gf)v,e) preferably . be

adni ni st er ediuyynt. Liawd pEAFRACCTLsAt COFIRISEONS 8© Yp’éF]PH‘?E:% IhélP’I%faHéeéFﬁ‘fh nmeans

for delivering, conpound to ' S L 1S : delivery. This
f orm of-°del?f \‘}‘%feﬁ’ ,@I}?&l%lgl -&F lfnéag"[% %g%%bgécoclgslf 51?1?16551'[50 5f &rrgs? Eglsgg@rllom in t%e art.

General |y, pht@BRGRIIBInd 8bluM6s Yekiyselor ©thet Baechatide sofutidntor ghysdssoel as' pat ch”
whi eh allows for sl ow delivery of conpound to a selected skin-regi.on.

Al t hough setlylgmtaiywes, moeyleperglyel bypalsetylene pyeolmey BywebdeE  del ivery of
conmpound, in the context of the present invention, such site-directed
delivery can be expected to provide increased concentration of conmpound in

sel ected  pointravenous, cutaneous or subcutaneous injection, or injection at the site of

15  affliction, the active ingredient will be in the form of a parenterally accéptable
aqueous solution which is pyrogen-free and has suitable pH, isotonicity apd stability.
Those of relevant skill in the art are well able to prepare suitable solutions using, for
example, isotonic vehicles such as Sodium Chloride Inj ection, Ringer's Injection,
Lactated Ringer's Injection. Preservatives, stabilisers, buffers, antioxidants and/or

20, other additives may be included, as required.

For delayed release, the modulators may be included in a pharmaceutical
composition for formulated for slow release, such as in microcapsules formed from -

biocompatible polymers or in liposomal carrier systems according to methods known

25. 1in the art.

For continuous release of peptides, the peptide may be covalently conjugated to a
" water soluble polymer, such as a polylactide or biodegradable hydrogel derived from
an amphipathic block copolymer, as described in U.S. Pat. No. 5,320,840. Collagen-
30 based matrix implants, such as described in U.S. Pat. No. 5,024,841, are also useful

for sustained delivery of peptide therapeutics. Also useful, particularly for subdermal



15 regions of neurite proliferation. Exanples of transdermal patch delivery
systens are provided by U S. Pat. No. 4,655,766 (fluid-inbibing

osnot i calwg odioiesen system), and U.S. Pat. No. 5,004,610 @ecatGBoeossseol | ed
transdermal delivery systen). For transdermal delivery of peptides
transdermal delivery may preferably be carried 20 out using iontophoretic
met hods, such as described in U S. " Pat3g No. 5,032,109 (electrolytic
transdernmal delivery systenm), and in U S. Pat. No. 5,314,502 (electrically
power ed i ORIAPRDERE delivtey to/ssrinediaviegihs, iFalcompasitoethatinchides very, it may be
desirable to include perneati on enhanci ng 25 substances such as fat

sol ubl e sumcbgvégblééob’meréhatEﬂﬁlfr?clﬂél&rabgm fomédf‘pd%lP ag} insWiae 3T al cohol s)

t | bl b Al I I I,
15y pande B BT S A TS PR LSRR UG P L
described (g s478p0Pat. No. 5,362,497, a "super wat er - absor bent resin" may

be added to transdermal formul ations to further enhance transder nal
delivery. Exanpl es of such 30 resins incI ude but are not Iim'ted to,

acrylic aci‘ gra ner s Such formul ations nay be
provi ded a&réﬁ@&érﬂﬁEﬁ)nﬂfpﬁSfebﬂ@g ente@aﬁicelaﬂgglsefm mbansi fot éelsting compaundbe

provided in one or nore of the transdermal patch confl urati descri bed
above. 5 | rfopetingmalisies isdrapetrrmeldeliverye %ﬁ%é‘ﬂr‘?@ dpldvesy lhli’es‘? %“@é

epi dur al ectio rane perne e, for

exanpl &?° |IJ§8%r((} to %%ﬁ%%éﬁf’% ﬂlea?"t (gée}legare]lg?ﬁ %gﬁ&nﬁ?@?‘gg?o Vb%égiréf act ant
to the comgEsiokh@RAnsRimal n%'afchoﬁfhwﬁfallaﬁfs FElpadelivegy afenipouAd soa enconpassed
by the invention is a nmenbrane 10 perneability enhanci ng neans that

i ncl udes adwicoiesitsini regiono Altheuglub}Ch(p@tChempéﬁm%ﬁi}cuseé&Pmld&%’ﬂ-ﬁ‘m&n
effective to disr t rren%gq ﬁl bar ] The rmdu{)at Qr g nduaec%

adni ni st er eFFFY (§\$?/‘]fipﬁ1Ll B e°?ﬂ‘i6§ By ST ISR ar use uI when
adm ni strat de?@exlyscaﬁ'b% ekf}@ctécmcrp%ﬁ@é:fﬁl:re%eded%hégﬁrtﬁﬁoﬁ @ﬂ&ﬁ§pound in selected

15 reéicns of neurite proliferation. Examples of transdermal patch delivery systems are

provided by U.S. Pat. No. 4,655,766 (fluid-imbibing osmotically driven system), and
U.S. Pat. No. 5,004,610 (rate controlled transdermal delivery system). f

For transdermal delivery of peptides transdermal delivery may preferably be carried
20  out using iontophoretic methods, such as described in U.S. Pat. No. 5,032,109
(electrolytic transdermal delivery system), and in U.S. Pat. No. 5,3 14,502

(electrically powered iontophoretic delivery device).

For transdermal delivery, it may be desirable to include permeation enhancing
25 substances, such as fat soluble substances (e.g., aliphatic carboxylic acids, aliphatic
alcohols), or wafer soluble substances (e.g., alkane polyols such as ethylene glycol,
1,3-propanediol, glycerol, propylene glycol, and the like). In addition, as described
in U.S. Pat. No. 5,362,497, a "super water-absorbent resin" may be added to
transdermal formulations to further enhance transdermal delivery. Examples of such
30  resins include, but are not limited to, polyacrylates, saponified vinyl acetate-acrylic

acid ester copolymers, cross-linked polyvinyl alcohol-maleic anhydride copolymers,



15 nentioned above. Known in the art are a nunber of inplantable or

body- nmount abl e punps useful in delivering conpound at a regul ated rate.
One such wompod@stribed in U S, Pat. No. 4,619,652 is a pomGBmUsESabl e
punp that can be used to deliver conpound at a tonic flow rate or at
periodic pulses. An injection site directly beneath the punp is provided
to deliver conpound to the area of nees) for exanple, 20 to the perineural
region. In other treatnent nethods, the nodul ators nmay be given orally or
by nasal isasanifiddapdlyacrylanitidle grafgpalpmenst fiagk akmboacif gratheolymers, Fsk

adm ni stratj on of tides, it y be .desirabl.e .to i.ncorpprate suych
peptides i ritH! ‘C%nggﬁgﬁﬁ%%oﬁﬁ?ﬁy l%°¥18?£%§roéfﬁlﬁl§d S?GS%Q%S;%PQ@%W%V& ,

accor di ng ng[ef@f, Bpgfa if)@g)‘f\ﬂ/iélé?l ih RBe 8F horeWGh@hnsibrnha? pRtcR @BhfiHRaticiRt | body,
nucl eic acid nolecu Z mal I ol ecul e or other pharmaceutically-useful
conpound aclkesuritedigbéwe.t he present invention that is to be given to an

individual, admnistration is preferably in a "prophylactically effective
30 anmpuAt" or a "therapeutically effective anmount” (as the case may be,

Chow baner o JPDeR: St rd T TR R AR =y W BRsF e St vl
anmount  admiysbRhe ferndatiof shiRinaing nidafichObElage, dbr exatipia)lipbsoatal on, wil |

depend on the nature and se\(erit%_of what is being treated. Prescription
of treat nerncapsuigtion o€ thsipspides additemela srfactapttofhe perAPQSiEon; esplidsmi | ity of
general practitioners .an her nedi cal, doctors.. an | ly takes
account of & ﬁ&‘@in‘afi"%%g&%‘?nqt gﬁ%eenf?@g%s %‘J,bx ﬁjgl St Pl?llsganﬁ%lgbfa%é i ndi vi dual
patient,, the, stifiQfendSldinSih¥ansti indiRich a8inGist@eip 0ithd sididcdA hapdtopider
factors known to practitioners. Exanples of the techniques and protocols
ment i oned atweing soAmoheffectivedo idisriRe mengtgeal terrig?har maceut i cal Sci ences, 16th

edition, Gsol, A (ed), 1980. i o Instead of administeri ng these agents
directly, they could be produced in the target cells by expression from an

encodi ng gepe. i n Ced al 3R Jil fdinfhdlor? ik Blethosgst or (a vari ant
of the Vmg@et%gi‘%%gﬁec%ﬂgggbbéadgl\%l.&gifgz)y\fectIonr éoul dlbe targeted to the
speci fi ¢ cepdrgcdl@lpesetil eab@tadngdhisirhticoy vk the dtaitecalegepaiic yod¢senent s whi ch
are switched on nmore or |ess selectively by the targiet cecils.

15  mentioned above. Known in the art are a number of implantable or body-mountable

pumps useful in delivering compound at a regulated rate. One such pump described
in U.S. Pat. No. 4,619,652 is a body-mountable pump that can be used to deliver
compound at a tonic flow rate or at periodic pulses. An injection site directly
beneath the pump is provided to deliver compound to the area of need, for example,

20 to the perineural region.

In other treatment methods, the modulators may be given orally or by nasal
_insufflation, according to methods known in the art. For administration of peptides,
it may be desirable to incorporate such peptides into microcapsules suitable for oral

25  or nasal delivery, according to methods known in the art.

Whether it is a peptide, antibody, nucleic acid molecule, small molecule or other

pharmaceutically-useful compound according to the present invention that is to be

given to an individual, administration is preferably in a “prophylactically effective
30 amount” or a “therapeutically effective amount” (as the case may be, although

prophylaxis may be considered therapy), this being sufficient to show benefit to the



15 Alternatively, the agent could be administered in a precursor form for
conversion to the active formby an activating agent produced in, or

t ar get ed wo,030h®1tel ls to be treated. This type of appro&ch/GrB2ossset i mes
known as ADEPT or VDEPT; the forner involving targeting the activating
agent to the cells by conjugation to a cell 20 specific antibody, while the
latter involves producing the activatimg agent, e.g. an enzyne, in a
vector by expression fromencoding DNA in a viral vector (see for exanple,
EP—A—ﬁ1?7§lmﬁwﬁuMﬁmeaﬁﬁﬁﬁﬁnmihamﬁxmﬁﬁﬁ&hmﬂrﬂtandﬁﬁwkmuancﬁrganisn1nay be
correlated with the functional 25 expression of a VGSC in the organism and
this correladminisiraiop, Vet denead op e natse andyseygryfavhst 15&7%@@%@ elgat ed to

i nappropriat e VGSC expressi.o The. in i it scri bed
AR RSt R A i e e e
enbodi ment $eRdral fi8etitbreRtdn@ Bt edRErdbctdrs, andypitwisaaledsiabt @t bfthehe art in
the light of these. Any reference nentioned herein, inasnuch as it may be

r ?2?’ ;,l ired tdisupptebeteatehdhcomdiiongdites iatividvelwatisge e siternd dpiyeas/tha6917

PCT/ GB02/ 03852 4 erson, skill in the art in-practici t he i.nvention,

i s specifi dB§thea ¢ 1B{§Fr3tt‘%a“ﬁle‘&g‘?rr‘fa°t‘ﬁﬁip‘é‘f’%F%Wégtlti“??efst SEn PP Exanpl es
5 Material s ang, %%t%gﬁarﬁéntfo\‘i@d IYRE ek BETREA i REMBTRDE T d i nteraction
screen was pertorne th the NNtermnal 1ntracellular =~ 10 domai n (am no
-aci d posi tHhafndoelZodl Sofendiay 1618 editidn20scht A Red), DRB.cDNA | i brary as
described”. The bait plasmd was generated by PCRwith rat Navl.8 cDNA as a
tenplate with a forward prinmer (5 -gcgaattcatggagctcccctttg-3') and a

reverse priner ' 1-ad ' 1St ed
ever e P B (L AAORITESOGLLOORE AL Gk pephoudSu Bt o
with the Lexfs BiNaxfeaeinBor2n@as®il gene introduced into the cells, e.g. inaviral

vector (a variant of the VDEPT technique- see below). The vector could be targeted

to the specific cells to be treated, or it could contain regulatory elements which are
switched on more or less selectively by the target cells.
15
Alternatively, the agent could be administered in a precursor form, for conversion to
the active form by an activating agent produced in, or targeted to, the cells to be
treated. This type of approach is sometimes known as ADEPT or VDEPT; the
former involving targeting the activating agent to the cells by conjugation to a cell-
20  specific antibody, while fhe latter involves producing the acti\j/ating agent, e.g. an
enzyme, in a vector by expression from encoding DNA in a viral vector (see for

example, EP-A-415731 and W090/07936).

The expression of p11 in an organism may be correlated with the functional
25  expression of a VGSC in the organism, and this correlation may form the basis of

~ diagnosis of diseases related to inappropriate VGSC expression.

The invention will now be further described with reference to the following non-
limiting Figures and Examples. Other embodiments of the invention will occur to
30 those skilled in the art in the light of these. Any reference mentioned herein, -

inasmﬁch as it may be required to supplement the common general knowledge of the



A cDNA library frompostnatal day 1 dorsal root ganglia (DRG was
generated”. The DRG library cDNAs were expressed as in-frane fusions with
t he Gal4d woroahsonT pti onal activati on domai n. Approxi mat el PC3/GB02O8B5yeast
transformants were 20 screened for (3-gal actosidase activity and growmh in
t he absence of |eucine. and five identical positive clones encoding a full
| ength pll were identified. The clone 4included a 51 bp 5 -UTR, a 288 bp
coding region, and a 450 bp 3'-UTR of the rat pll gene. To verify that pll
i nteracts seewnfskiled iy the arhintprectisingehevinventidonisrspedfitallyaincomjormttdrhesdin Nav 1. 8,
the rescued pll-encoding plasm d DNA was re-introduced into 25 ot her
strains of Cl%)’erﬁ NCE AR 4P AMHEYdi fferent intracel | ular domains of Navl.8 as
baits. Direct interaction between pll and N-term nal domain of Navl.8 in
vitro was assessed using GST pull down assays 12. Fuller details of

exper i nent gixampleeds are present in supplenentary infornation. 30 GST

pul | -down assay The segnent encoding the N-term nus of rat Navl.8 (am no
acid position 1-127) was WD 03/ 016917 PCT/ GB02/ 03852 42 anplified by PCR
and cloned jn-fr <msd' Lo he EcoRI/Notl sites of pGEX-5X-1 (Amersham

Phar maci a M&: M—%ﬁ Navl.8 N-termnus fusion protein, designated
as GST-SNS(1), was produced in E. coli BL-21 and affinity purified on

gl ut at hi one- sepharose beads. Oiginal pGEX-5X-1 was used to produce GST
control 5 YuaastmiorybFid scrdeengt h rat eDNA for pll in yeast expression vector

pJ&-5 was subcloped.as the Ncol-Xbal, fr nt i-nto t.he.pBS500 expression
vect or whi cf tVedypiid IftRragiEasl soreep WalslPﬂfBHn%rg%n‘?}é%hﬁ’ I@S&%@%i@%@ﬁﬂﬁ%n by

el ongatj on 1 a T | € | i ; i ghat ed as
ps crrpl ARl Ro BRI Ao 1TE) CF R SR ¢ PLIRGRDHS LfRgy &

| i pof ect i ondes6iiRdf. The baisplasmith wassienerated by RCRetithdaf Nofh8 chhsf ecs ed COS-7

cells by lysis buffer (4% SDS, 10 nM sodi um phosphate, pH 7. 4r> 3 .days after
transf ect i owmpiiewithafoavarg Primen(T recaepigaigeagctrcevtepm did UeVess PABA ns. The

_ 2 _ ns.
15" super nat ni L PR NP RNy TP led e RSl b i ol

concent r at 0fEG202 at EcoRI-Not] sites as an in-frame fusion with the LexA-DNA binding

15  domain.

A cDNA library from postnatal day 1 dorsal root ganglia (DRG) was generated'.
The DRG library cDNAs were expressed as in-frame fusions with the Gal4
transcriptional activation domain. Approximately 5 x 10° yeast transformants were
20  screened for B-galactosidase activity and growth in the absence of leucine. and five
identical positive clones encoding a full length p11 were identified. The clone
included a 51 bp 5°-UTR, a 288 bp coding region, and a 450 bp 3°-UTR of the rat
pl1 gene. To verify that pl1 interacts specifically with the N-terminal intracellular
domain of Na, 1.8, the rescued pl1-encoding plasmid DNA was re-introduced into
25 other strains of yeast containing differeht iﬁtracellular domains of Na,1.8 as baits.
Direct interaction between p11 and N-terminal domain of Nay1.8 in vitro was
assessed using GST pull down assays™. Fuller details of experimental methods are

present in supplementary information.

30  GST pull-down assay

_ The segment encoding the N-terminus of rat Na, 1.8 (amino acid pésition 1-127) was



(Pall Filtron) and 10m ice-cold Phosphate Buffered Saline (PBS), pH 7.4,
was added. It was centrifuged at 5,000rpmfor 2 hours. The filtrate was

di scar dedwernd/otdse7 resi due, containing the solubilized pr@®ceigRo2/msss2used in
the pull-down assay experinment. GFP expression plasm d, pBS-G-P, was used
for production of GFP 20 protein for a negative control. To exam ne the
binding of pll to the N-term nus of Nayd.8 in vitro, glutathione- sepharose
beads pre-incubated with purified GST, serving as control, or GST-SNS(I)
ver e i ncubatgdifRt b P ahdEIBhREd Wi fidinnt Bk EboRUNodrites Ot SEEXFX-GFP prot ei n
25 extracted fromtransfected COS cells in PBS. After intensive washing

Wi th i ce- cqlAcnersB8) PharmabieBidtepn)oTas GET R & 8déterminusdfupian pegipine buf f er
(100mMM Tris:- HCL pH 6, % SDS, 0.2% Br 1enol . Bl ue,. 20% erol, 200nmM
DTy s eparder 68 25 BSVT- S A PRIE i eP L edt it FTP OB T She

menbr ane ( J L. ] g@g;@ 1531 g1y S

bl ocked forly%gh%?rﬁqg%ﬁgﬁ%@gpf% In %% llg%%ﬁhlgegtta-?%gm tesnggrg?ﬁﬁre (0.1
% Tweens20 proteRBS, pH7.4). Primary anti-G-P WO 03/016917 PCT/ GB02/ 03852 43

anti body (Santa Cruz Biotechnology) in 1:800 dilution was applied for 1 hr
at room tenperature. Secondary antibody (horseradi sh peroxi dase-conj ugat ed

sheep anti - se, | La: Bi hx 1 id utd on was
appl i ed foerpggf%%%@ﬁ%g}rl 5(? %& giﬁ% E%L%gﬁg %G%I%ovhsﬁsﬁgaf){gétde%tt?gn
Reagent's ( AYBSIstsinRBaicfbmt@the pBiSeb@etpressins vapiol ndithaeatsdn GF Pt 1t he
manuf acturer's instructions ang the bl ot was exposed to-Biovax film

(Kodak) . NofubioaprotBinaixpeessbyy diisernlnt dbngadn fesoriZeoprameter f Tlmesdianbus r at

ti ssues by acid guanjdiniumthiocyanate- 10_phenol-chl formextraction
met hod1® arplagmidcyassiseignpigd as BB @pﬂrle@%ﬁgg‘ﬁ% tfé@%?%%‘gwgfbpﬁi A 10mV
phosphate b r . af t-ef | atia «@nt o hybond
NF nyl on neﬁﬁéf?ﬁéq’?%%g@%ﬁO’géﬁBﬁu@ﬁ p? %HFQ%N ﬁ?l#} gwg%g% %ﬁ%ﬁfauv

i rradi ati ongoEhecdIRByNAIe bifs (8% d (whihsodthinh phesphath) pie 749 3clapd aftem even
recoveries of RNA. Thereafter, the nmenbrane was prehybridized and

hybri di zed wérisfection.3PHR-ly seve vesi cqnitrifng&Na 195090png 504°€g€</>r dpmuisf The activity 2 x

109 c.p.m per g DNA) at . .
supernatant was retained and centrifuged at 14,000rpm at 4°C for 30 min. The

15  supernatant was then transfefred to a macrosep 30K omega centrifugal concentrator
(i’all Filtron) and 10ml ice-cold Phosphate Buffered Saline (PBS), pH 7.4, was
added. It was centrifuged at 5,000rpm for 2 hours. The filtrate was discarded and the
residue, containing the solubilized protein, was used in the pull-down assay
experiment. GFP expression plasmid, pBS-GFP, was used for production of GFP

20  protein for a negative control.

To examine the binding of p11 to the N-terminus of Nay 1.8 in vifro, glutathione-
sepharose beads pre-incubated with purified GST, serving as control, or GST-SNS(I)
were incubafed at 4°C overnight with GFP-p11 fusion protein or GFP protein

25  extracted from transfected COS cells in PBS. After intensive washing with jce-cold
PBS, the bound proteins were denatured in sample buffer (100mM Tris-HCl pH 6.8,
4% SDS, 0.2% Bromophenol Blue, 20% Glycerol, 200mM DDT), separated by 10%
SDS-PAGE, and transferred to nitrocellulose membrane (Hybond ECL; Amersham
Pharmacié Biotech). The membrane was blocked for 1 h in 5% nonfat dry milk in

30 PBS-T at room temperature (0.1% Tween-20 in PBS, pH7.4). Primary anti-GFP



43C in hybridization buffer (50% formam de, 6 x SSC, 50mM NaH2PO4, 1mM
EDTA, 1% SDS, 2.5 x Denhardt's solution, 250g herring sperm DNA, pH 6.5)
for 18 hwe.030h®1B82P-| abel ed pl 1 DNA probe was gener at ed PCT@B028345p PCR
fragment of pl 1 (amno acid position 3-127) using Kl enow enzyne and
random primer in the 20 presence of [a-32P] ATP at 37C for 15 mn.

Uni ncor porated nucl eoti des were renovgd using the Q A quick nucl eotide
renoval kit (Q agen). Hybridized nenbrane was washed with 0.2 x SSC/ 0. 1%

SDS at 53Caaisbdexpaae ¢ rioBBieeMlogy)ith MIOEddak)n avas apilied f&5] kTat BG¥n DRG
neurons from2 weeks old rats were cultured in DVEM containing 3.3 ng/mn
aphi di col i trenpfesature. Segpadampantibedydhosseradishy pproisesr-eai ygatsd siere @8 ng/nl) or

rown in the a nce of NGF and. in t .pr€ : it i

gnti serum H*Pb‘ts%fg%%l@fnerééat'? g%%%%?‘ﬁégéﬁ%%ﬁgf@“ﬁé@?gg heegq\% {%C%Nase I

and CDNA "‘@&%Yé?ﬁﬁb?étwe.eﬁcw WhstaQ EWReh DeidcEbn Rehfhty @BSGBRMERRIBIaciaPCR (94
C, 1mn, 58 C, I mn 30 sec; 72 C, 03/ 016917 PCT/ GB02/03852 44 1 mn

30 sec; 550 Bijtesh) svastappliebiacapiding th ¢hqumpmefactpei’s insspaictidrisant ghe Rt way 284 bp) ,

5' - CATCCCAAATGGACCATG 3! - CTTCTTCTGCCTTCATGTGTACTAC-3'. After 2

cycl es, t hexprseaia Biphlsx filp 8%@?5-(222 bp), 5 - GGTGTGGTGAAGGACAAC- 3",

5' - CATAGGGAGAAGGGITTG- 3" was added. In 5 separate tubes, PCR was started

with the primer pair for CGRP, and the prinmer pair for cyclophilin (300

bp), 5' - ACEkMHIABLT bdPsissAC-3', 5' - CATTTGCCATGGACAAGATG 3', were added to

the reaction 3 cycles after the start. Ten | of the ,P,CR%EI ution was

col | ect ed é“mlmé—\mu&at%ﬁom@rmwa? ysues by agid g GRRIYEIOCYRRALS ophor esi s

and the PCR products.were. visualizeds by €t Hidi 148 .o, e, i ntensity

of eac Probaﬁ&gﬂg?ﬂgﬁgﬁoﬁeﬁuﬁcﬁoﬁdﬁﬁ?ﬁI arr&élgfgacg?lgég&r@mégcrﬁ pﬂgallegl{tgtorelg.' Ahe | i near

range of anpliti gatih Q0mbPhhokpha2 bd8eq¥Hl ES);afleERFox AR GH RIVA s blotted

cycl ophi li ﬁmgz% 3% éycl es)bhag been. irggntaia%)i ed. The mdpoint of this range

(pll, 35 oyad kgonCBRAYl@Snaykkesin WycBYPhlvlution 906 byws aad fived &y Hded f or

L 2 gd R;rorP CI;@%( igtricgnr.T%"%te%aearln%Qar}e \!vasosftaihgde W{t}?\l‘/neeh’lsy?el’;[erb Qest%réogﬁrdm %\%nu“ ons was
recoveries of RNA. Thereafter, the membrane was prehybridized and hybridized with -

15 ?P-labeled pl1l DNA probe (50 ng, specific activity 2 x 10° c.p.m. per ug DNA) at
43°C in hybridization buffer (50% formamide, 6 x SSC, 50mM NatL,PO,, ImM
EDTA, 1% SDS, 2.5 x Denhardt’s solution, 250pg herring sperm DNA, pH 6.5) for
18 hrs. The *P-labeled p11 DNA probe was generated from 284bp PCR fragment of
pl1 (amino acid position 3-127) using Klenow enzyrhe and random primer in the

20  presence of [oc-”Pj ATP at 37°C for 15 min. Unincorporated nucleotides were
removed using the QIA quick nucleotide removal kit (Qiagen). Hybridized
membrane was washed with 0.2 x $SC/0.1% SDS at 53°C and exposed to BioMax
film (Kodal) at ~70°C. |

25  RT-PCR
DRG neurons from 2 weeks old rats were cultured in DMEM containing 3.3 ng/ml
aphidicoline for 7 days. Cultures were supplemented with NGF (50 ng/ml) or grown
in the absence of NGF and in the pfesence of rabbit anti-NGF antiserum. Total RNA
extracted from the culture was treated with DNase I and cDNA was synthesized with

30  Superscript using randam hexamer. PCR (94 °C, 1 min; 58 °C, 1 min 30 sec; 72 °C,



15 I mmunof | uorescence analysis A stably transfornmed CHO cell I|ine

(CHO SNS22. cells) that expresses rat Navl.8 protein in the cytosol was

t ransf ectwo miolde1t he expressi on plasm d pBS-G-P/ pll by | ippefGBoRiosss2 The
CHO-SNS22 cell line was kept in Nutrient Mxture F-12 (Ham) 20 nedi um

(G bcoBRL) with 2.5%fetal bovine serumand Ing/m Geneticin (418

sul phate. One day prior to transfectioq cells were subcultured and pl ated
in 35nm dish containing F-12 nmediumwi th 0.5%fetal bovine serum and

| ng/ M GAL8. midrioodec; $®ub) iwan sfagted ivith thegbiher pair $oeificdoisyl v@B4bp), fsed twi ce
with serumfree F-12 medium 1

.19 of DNA was mi xed w |..0 ,
Li pof ect an‘iGPeT@@Mﬁ%Tﬁcﬁ%&@d\@fT(ﬁTpgS’ﬁﬁ%ﬁggggﬁéﬁ‘%@'%0 mn.
The m xture added.to .t he pre-ri I and incubated at 37C for 2
hours. DNA/A#%?W&ISeéﬁP%BHW&Pﬁ?@”\?adﬁ@&?gogﬁ'with F-12 mediumwith 0.5%
fetal bovi nRysenenpntaAlots oh G Ss afABACEEACAAGEOTEE Cdtysas adddd in
transfection, the cells were fixed with 4% paraf or mal dehyde for 15 mn on

ice and subseameutcdsyPCRovbataedd withihapriineSng 9o Catbras thenrims i SNS11) .
The cells 30 were_wash ith P i i I hodani ne-1| abel | ed
ant i - r abbi tfor giolapbylgt @%&B\%sshéfmg%ﬂ'@g@%é%@%S? analysis with a
confocal m [ i_4li i ZB4RACn3 BeesS drRgment was
subcl oned |€f{tg§§%%ﬁj@g§y@ ?%?ggg)?&rgr?ga%ﬁ(% 5 U%'P Iabﬁﬁised sense or
anti sense GRWATRA QD! HRRCR)suletiat wak codletigd EverRVAycles hydapplisd f6rolr.5 Pm situ

hybri di sati on studi es. Frozen DRG sections (10 .tm ,hic@g} re fixed for
15 min in 4%yas geleleponborgeia arshihe EERaprdugE? &e%‘é%'iﬂﬁ%? pthicE

tri et hanol gm ne 25% acet | j N j gl i on was
o oahoL bR B RREE M nd e O b O 18

g/ M tRNA, doed @nbaRbaRsHgerapipUtitadnabl 1,307 8 Gy @GRPe36-86 cfclbs;.

Hybri di zati'on was carried out in the sane buffer containing 50 ng/m cRNA

probe at 65@ciophilib®2hd%cycdsy hasdresn ikentifiedyddgapidpeinpohthis rergs @11, 22C and
cubate vt oGl b PRESPISL 08, SOOLIBSG: 0 HhaergeRr n | by
experiments and 1 pl of the reverse transcribed solutions was used for PCR.
15
Immunofluorescence analysis
A stably transformed CHO cell line (CHO-SNS22 cells) that expresses rat Na,, 1.8
_protein in the cytosol was transfected with the expression plasmid pBS-GFP/p11 by
lipofection. The CHO-SNS22 cell line was kept in Nutrient Mixture F-12 (Ham)
20 medium (GibcoBRL) with 2.5% fetal bovine serum and Img/ml ‘Geneticin G418
sulphate. One day prior to transfection, cells were subcultured and plated in 35mm
tdish containing F-12 medium with 0.5% fetal bovine serum and 1mg/ml G418. Prior
to transfection, cells in 35mm dish were rinsed twice with serum-free F-12 medium.
1.1pg of DNA was mixed with 5pl of Lipofectamine (GibcoBRL) and incubated at
25  room temperature for.’30 min. The mixture was added to the pre-rinsed cells and
incubated at 37°C for 2 hours. DNA/lipofectamine mixture was replaced with F-12
medium with 0.5% fetal bovine serum and 1mg/ml G418 after 2 hours. Three days
after transfection, the cells were fixed with 4% paraformaldehyde for 15 min on ice
and subsequently incubated with anti-SNS polyclonal antibody (SNS11). The cells
30  were washed with PBS and incubated with rhodamine-labelled anti-rabbit IgG before



Navl. 8 pol yclonal antibody (SNS11) foll owed by rhodam ne-conj ugated
anti-rabbit 15 1gG anti body. NGF regul ation of pll DRG neurons from 2 week
ol d rats wereg/ooitured with NG- (50 ng/m) or grown in tireTadBIR088520f NG-
and in the presence of rabbit anti-NG- antiserum Total RNA 20 extracted
fromthe culture was treated with DNase | and cDNA was synt hesized with
Superscript using randam hexaner. PCR #fs perfornmed with the prinmer pair
specific for pll (284 bp), 5' - CATCCCAAATGGAGCATG 3', 5'-
CTACTTCTTCheflySiCATIBBEDbACACm B rosc@pe. Tr ansf ecti on and extraction of pll in
COS-7 cells COS-7 cells were transiently transfected with 20 g of

pBS- G-P/ pl I by lipofection. Three days after the transfection, the cells
were incub zuh%r?_cp ; sis buffer (150 mM Nad, 1% NP-40, 0.5% DOC, 0.1%
SDS, 50 zhs % for 30 mn on ice. TherS|s buffer was
centrifugegy tgxrbp%mrp@R lagrhef, 0RQgbebned iGto PHEMST Basndirameg30andadI s ed for
in vitro binding assay. GFP expression plasmd, pBS-G-P,_was used WO

03/ 016917 - RETR [BBel¥I0R8S20r Al senee C%Nécm@g Wﬁrt’«(ﬁenaali@dr}w%é%%lé a negative

control. Expression of T- SNS sodi um channe tel for
NH2- t er mi na@olymarpseder ey a8t PO UGSy %ni%%# Igﬂg \%ﬁg 5 amplified

by PCR usin W}{ 1M
AATTM%@@?‘HJW - e arrp%rl il e‘gerg?tgkgynlgtr?{i lnocor responds

tO the am RAcMGhdlakRS] 0.28% atefivanhz dridd forad nﬁhlS’mhybrLdnamharwmlcaqmedtoat was
cloned into EcoRI/Noti sites in GST gene fusion vector pGEX-5X-1 . The

resul t ant anﬁﬂ%&rmmubcﬁ&rSS&bdD&gg/mwem mm@N&hﬁhMmlmﬁAe 8&ni nal
fusion 10 protein vvas desi gnat ed as % g?% GEX— d SNS(I) was
t r ansf gomedenhardy’ spolugigniat @P%?WPBTL %‘M HErgHq ‘3)&) % i on
protein was, affinjt £ b

gl ut at hi onéhﬁéﬁfﬂ%b‘b%eéc é@f’?%l%én&gg(ﬁ% Qﬂhggﬁ%&%ﬁn{a g)iﬁrs\/\ggﬁl%ﬂ%ﬁg%t ed with

the extract K |1
L ﬁ d|e>r<] gr gﬁ fx?é)é%ﬁg@/@gléysgfe%t??@cénﬁ%{éuﬁatea %m%ﬁl%ﬁleghwph&a%n@wa in

anti-digoxygenin antibody (Roche). The same sectlons were then stained with anti-

Na, 1.8 polyclonal antibody (SNS11) followed by rhodamine-conjugated anti-rabbit
15  IgG antibody.

NGF regulation of pl1
DRG neurons from 2 week old rats were cultured with NGF (50 ng/ml) or grown in
the absence of NGF and in the presence of rabbit anti-NGF antiserum. Total RNA
20 extracted from the culture was treated with DNase I and cDNA was synthesized with
| Superscript using randam hexamer. PCR was performed with the primer pair specific
for p11 (284 bp), 5'-CATCCCAAATGGAGCATG-3', 5'-
CTACTTCTTCTGCTTCATGTGTACTAC-3'.

25 Transfection and extraction of p11 in COS-7 cells
COS-7 cells were transiently transfected with 20 ug of pBS-GFP/p11 by lipofection.
Three days after the trénsfection, the cells were incubated in the lysis buffer (150
mM NaCl, 1% NP-40, 0.5% DOC, 0.1% SDS, 50 mM Tris, pH 7.5) for 30 min on
ice. The lysis buffer was centrifuged for 30 min at 10,000g at 4 °C. The supernatant

30  was used for in vifro binding assay. GFP expression plasmid, pBS-GFP, was used



15 MM KCl, 0.5 nmg/m bovine serumal bumn, 10 MM Tris, pH7.9) for 4 hr at
4C. The bound proteins were denatured in sanple buffer and separated by
12% SDS- WeGE016Pne G-P/ SNS sodi um channel (1) fusion protePoTWEB208852ct ed by
i mmunobl otting with anti-HA anti body whose epitope tag is situated in the
junction between GFP and SNS sodi um channel NH2-term nal protein.
pGEX-5X-1 was used 20 for production ofg GST protein as a negative control.
El ect rophysi ol ogy Menbrane currents were recorded from CHO SNS 22 cells

usi ng the vholredtioh of BFPolteotelreas Hegativel apuiol. The extracel | ul ar recording
solution contained the followwng 25 (in nMV: Nad (140), TEA d (10) HEPES
(10), Cad 2 (2. 1), MA 2 (2.12), 4 am nopyridine (4-AP) (0.5), KA (7.5),

t et r odot oxi TT. e t] buffered to pH 7.2-3 with
the additi (@% %ﬁsz@@%ﬁ?%‘sgwsﬁfﬁr”%&e a%'%la{!”? )l{l&?eﬁon contai ned the fol | owi ng
(in MM: CeBNA MQ\]HZ ﬁﬁﬁﬁaal\ﬁtlﬁ&lﬁl@khoniﬁﬁﬂﬁ'iaﬁm sodia@l cBanne( #221) , Myd 2

(1.21), TEA A (10) and was buffered to -3 with the addition of 30

Cooti For - mentifd g singrpomons CHoASTLEAR Gk QA GTT SHCRE e sane,
t that | ent | t of TEA=
G and t he e bsr 6L EGCRER s Srdne b thGaY dheGnRR BRI ,°! he
t | 1 ul f LSS soMsm CsF, th
Il\/BCIr gcfepfag{éfagpg’%%ﬂ"vﬁg%‘éﬂ%d% d)gbns lt@k?e&slozbg)? |ron Scf)nt ai ﬁgﬁhlgglganﬁm@ P (Li) ©
Chemi cal s wedsel@ictieto EcORINaE siteBRHGS Meere ﬂu‘s:dn)vecipr pGEEpIXdd Bye Si gma.

Chemicals were either "~AnalaR (BDH NErk Lm‘}:ﬁh rt
Lei cest er shegubtant gpyessigp V§?Iﬁlb¢qd§tg GHTSN e (%Sli‘aéme lrBII(!?“SK’?TX was

o, , i BEns 8035 bAER Tk T 94 O pEmaBek ol BRSE) Wl s rBMGKS, UK)

S generate endogenous

t et r odot oxiiRrSeRelitstriia Eﬂ'zﬁxsﬂ)se@ﬁhﬂ%m@l%(li fisfomqnetkinobasenffiaity on) whi ch |
was elimnated fromall recordings by including 250 nM TTX |}1 t he

extracel | ulmlfwé@ngluthtblqnnvﬁaphar@mbeéﬁi sTheeglutatteensrerpdaiose NGRTARS r ansf ect ed
ol ass capi | ARG pER TSRS RRTVRTd s prra S PERIRR SO PRI U
and had an @geRSRINR SBEP/ O 1%%&1@213&%@@10% glycerol, 1 oM MgCL, 100
15  mMKCL 0.5 mg/ml bovine serum albumin, 10 mM Tris, pH7.9) for 4 hr at 4°C.

The bound proteins were denatured in sample buffer and separated by 12% SDS-

PAGE. The GFP/SNS sodium channel(I) fusion protein was detected by

immunoblotting with anti-HA antibody whose epitope tag is situated in the junction

between GFP and SNS sodium channel NH,-terminal protein. pGEX-5X-1 was used

20  for production of GST protein as a negative control.

Electrophysiology
Membrane currents were recorded from CHO-SNS 22 cells using the whole-cell
patch-clamp technique. The extracellular recording solution contained the following
25  (in mM): NaCl (140), TEA CI (10) HEPES (10), CaCl, (2.1), MgCl, (2.12), 4-
aminopyridine (4-AP) (0.5), KCl (7.5), tetrodotoxin (TTX) (250 nM). The solution
was buffered to pH 7.2-3 with the addition of NaOH. The intracellular solution
contained the following (in m): CsCl (145), EGTA Na (3 (6)), Hepes (10), CaCl,,
(1.21), MgCl, (1.21), TEA Cl (10) and was buffered to pH 7.2-3 with the addition of
30 ~ CsOH. For recordings from neurons the extraceltular solution was the same, exgept

that NaCl was reduced to 43.3mM with equivalent replacement of TEA-CI and the



filled wth recording solution. Recordings were nade using an Axopatch 200B
15 patch-clanp anplifier (Axon Instrunents, Foster City, CA USA). Pul se

pr ot ocol swowane9gener at ed and data stored to di sk usi ng pE@cargE2esdsewar e
(Axon Instrunents), running on a PC. CHO SNS 22 cells were held at -90 nV.
Vol t age-cl anp protocols incorporated a negative pre-pulse to -110 nV, and
the cell was subsequently stepped to wwpre depol arized potentials for 50 ns
(up to a final value of +80 nmV), in 10 nv 20 increnents. Al experinents

wer e per f orgadéticatofR0aN Caape iaihdr @iracofinlar s@baEngsalatics 18% offiee G6Sbp Ncol
fragment of pll was cloned in 3" to 5 direction into Nco-1 restriction

site in pBSsTOeplaesdby Calsuthe deGla replesedbe Sodm EY SYlemand thegoldinge-

GrPI AS(p10) Cr BRI RO Uy Remed st Pt il i en iR amn e,
oMM Hepes, . gl Hﬁ%%rln?cam\ﬂféyg@ﬁ?er ‘REhIAR’ (B, MeHetkde duttBiwborucl el of

2 week 30 old rats di anet er neurons usi ng Eppenaorf
m cr oi njsectlricesBustiiregUkhp o\ pELd bE i aRCorIeBDarseB385). T iva§ eltrined, t he

;P/Egﬂo\égj ?Leré%mn%ﬁ a@f??’hi\#;t na)l];éig Ibgqft{)]%h Cﬁ%ﬁﬁzﬁgﬂ%gﬁwg%gw@o | ci um
: I el RO eand th
neurons  wer B0 SRRACER P SRkl Moo R e B ETR R N g

el ect r ophy sieleagipelongiaielivags) Whithwes dlinsineisd doaealbreabiyiiios by inkeding hat
injection of antisense pll resulted in_a  loss of inmmunoreactive pll
conpar ed t o239hilYfj 18K ithe exiracelluigr msfliac INodpwardomirsgisorere tePreA di Rty 1. 8 f or

bi ndi ng. assa 0.pll,c f the Nail .8 s Nterm nus of a-subunit was cut
into t ht%e ?%?meﬁtcgllﬁ}%éﬁbeﬁgﬁlr%nﬁsf cﬁs(EX- 5X-1 vector (Anersham). The
resulting constructs were nanmed N1 (amino acids 1-25), N2 (a.a 26-50 ),
and N3 (a.a 51-127).The primers used were designed to introduce an EcoRl
restricti onElenzydes veut fabricaed fromhbinswall glassceapdlarign (GRLINTE-HO; deevad 15 -
direction. Forward_prinmers: SNSI-F, 5'- GGAATTCATGGAGCT(%%QFI TG%G 3

apparatus, Egenbridge, Kent, UK), and had an access resistance of 2- I\/P-Q when

filled with recording solution. Recordings were made using an Axopatch 200B

15  patch-clamp amplifier (Axon Instruments, Foster City, CA, USA). Pulse protocols

4were generated and data stored to disk using pClamp6 software (Axon Instruments),

running on a PC. CHO-SNS 22 cells were held at <90 mV. Voltage-clamp protocols

incorporated a negative pre-pulse to —110 mV, and the cell was subsequently stepped

to more depolarized potentials for 50 ms (up to a final value of +80 mV), in 10 mV

20 increments.
All experiments were performed at room temperature.

Antisense studies
25 The 309bp Ncol fragment of p11 was cloned in 3' to 5' direction into Nco-I
- restriction site in pBS500 vector resulted in a expression system for a sense-
GFP/antisense-p11 fusion RNA, pBS-GFP/AS(p11). 400 pg/ml of pBS-
GFP/AS(p11) together with 0.5% Texas Red in injection buffer (118mM KCl, 5SmM
Hepes, 22.2mM NaHCO;, 1.2 mM MgClz, pH 7) were injected into nuclei of 2 week

30  old rats DRG small diameter neurons using Eppendorf microinjector. During the



SNS | (N2)-F, 5'-GGAATTCAAGCAGATTGCTGCTCACCGC-3" SNS | (N3)-F, 5-°
GGAATTCCCCAGGCCTCAGCTGGACTTG 3" Reverse prinmers: SNS I (N1)-R,

5' - AATTGOEOGROLETCGATCTCTGCCAGTGACTC-3' 20 SNS | (N2) - R, PCT/GB02/03852

5' - AATTGCGECCGCCTTCTCGCCCTTGTCCTCCTG 3 |- R,

5' - AATTGCGGCCGCAGACGCTTTGATGCECTGT- 3" EcoRI sites are underlined. Notl sites
are bol dfaced. PCR was carried out usi4yg SNS |- F/SNS, I(N)-R, SNS

[ (N2)-F/SNS I (N2)-R, SNS I (N3)-F/I-R primer pairs for Ni, N2, and N3
fragnment s igepees the MEM hves fepldcedbyn g calyinheSeaimriter (BBE an@Bordgioings of 1 min
at 25 94C, followed by 1 min 30 sec at 55C, and_then 1 mn_ 30 sec at 72C.
PCR pr oductl§mMehigossi andsk HaMivigh LA camgletign of tednieriensetheicACB™ i near i zed

PCGEX-5X-1 vectok. .The, r et I UGt ' d
orimer 5" phe s adr U RS e g T RIS R ool D0e,
(5' - COCEGAf A TheAGAEHtS )¢ iBOOYRCABA O E %k fo Plediré@y8ioli3g52 49 The N3

fragment was further cut into three smaller fragments to elucidate the
exact bi ndécoglisgt e on Navl.8 intracellular loop | after GST pul | down -assay
has shown that pll binds specifically to N3. The three fragnments, naned
N3-1(a.a 51-73), N3-2 (a.a 74-103) and N3-3 (a.a 104-127) were cloned into

PGEX- 5X- 1 | hed:  Eor: e -
B caarT O R AR ARG RGN (P RIMRO SRR 1 Hdd R o

5' - GGAAT T CIssoT GRthACaERE TBBAGPared MBuBinfscted cells.
5' - GGAATTCTTCAGTGCCACTTGEECC- 3' Reverse priners: 10 N3-1-3',
5' - AATTGCGECCGCTTCTGCTGEGACGCTC- 31 N3-2-3',

N5- 1. 5 PNa O R GOAE bR gl S0 WRBRE B0 8 M5 00 5 1 g2
and N303 1 e$Rech e Nk, 1 3NN SR ABE SRy GHBLESW AR E inds Bk FaglRn B anb €ldned ’
into pGEX-5X-1 vector (Amersham). The resulting constructs were named N1 (amino
‘ acids 1-25), N2 (a.a 26-50 ), and N3 (a.a 51-127).The primers used were designed to

introduce an EcoRI restriction enzyme cut site in the 5’ direction and Notl in the 3°

15  direction. Forward primers: SNSI-F, 5’-GGAATTCATGGAGCTCCCCTTTGCG-3’
SNS I(N2)-F, 5°-GGAATTCAAGCAGATTGCTGCTCACCGC-3’
SNS I(N3)-F, 5- GGAATTCCCCAGGCCTCAGCTGGACTTG-3’

- Reverse primers:

SNS I(N1)-R, 5’-AATTGCGGCCGCCTCGATCTCTGCCAGTGACTC-B’

20~ SNSI(N2)-R, 5-AATTGCGGCCGCCTTCTCGCCCTTGTCCTCCTG-3’
I-R, 5’-AATTGCGGCCGCAGACGCTTTGATGGCTGT-3’ |
EcoRl sites are underlined. Notl sites are boldfaced. PCR was carried out using SNS I-
F/SNS I(N1)-R, SNS I(N2)-F/SNS I(N2)-R, SNS I(N3)-F/I-R primer pairs for N1, N2,
and N3 fragments respectively. The following cycleé were used: 25 cycles of 1 min at

25 94°C, followed by 1 min 30 sec at 55°C, and then 1 min 30 sec at 72°C. PCR products
were digested with EcoRI and NotI and ligated into linearized pGEX-5X-1 vector. The
resulting constructs were sequenced with forward primer 5'pGEX . (5°-
GGGCTGGCAAGCCACGTTTGGTG-3") and reverse primer 3'pGEX (5°-
CCGGGAGCTGCATGTGTCAGAGG-37).

30



above. 15 Exanple 1: Identification of a protein that interacts with rat
Navl .8 A rat sensory neuron cDNA |ibrary” was used to screen for proteins
that inteweat/oismth the N-termnal intracellular domain offCraiBobasss28. Five
i dentical positive clones encoding a full length pll were identified
through their interaction with the N 20 terminus of Nav | .8. To test
whether p | 1 binds to the N-termnal 4ontracellular domain of Navl.8 in
vitro, we expressed the G-P-pl 1 fusion protein in COS-7 cells, and
expressed trhe N$ fregmtniabasdfarthémeud intdalwke Smalerafrd@8fentumi ducigate tle exact

GST-SNS(1).  The COS cell fysates were incubated with affinity-purjfied GST
and GST- SNB{ndjng site g Navt -8 rinireegllulgoaen haftse qﬁ&xﬂlﬁé‘)‘mé@ay %SSégfr‘{Xthp ilized

on gl ut at hi 25. h ; ; : ;
ot G adeRs ey BT Frrd SRR AR A R TRt ey KR e g
protein. PypifiNgg ég‘%—rl@i-g[l)%ere Ribded GatnpGERLSNS (dokor avhddserikTApdvel

efficiently pulled down the GFP/SNS (1) fusion protein. These data
denonst g at &otwat] pplimets:bi nds directly to the NH2-termi nal of SNS sodium

channel . 30 _We gxa@%@g' ' j |0 ,he pll transcript.
N?rthern b!Nf’rl'épél’l g @éé@ﬁ@é@g@%@g@éé 50 showed high levels
of expr esshon, af splg CEREGomisstcRpreay in heart and Iiver,
and vveak_ ex_presél onwm nﬁi}so at ed "?rom 2 weeks old rats. RT-PCR showed
a dramati ¢ N385E3sGEAATTCITEARTGACACTIGEGCGCS’ DRG neurons treated with

nerve growth factor (NG) which is known to cause decreases in thernal,
cheni cal 5 Reverseppep®fi cal threshol ds of pain perception in aninal

model s13, " LN, si t i~gH i 3 qgfé 1.8 section of 2 weeks old
rat DR& Ar&%ht%i’ g&@?@@%&%ﬂ@@@@%e sjgjrqgng staining in both
smal | and hage dr ARTEGOGELUGCTCTOHN ARTGOTRCDBCE0cher stry with
anti-Naal. 8 polyclonal antibody SNS11's showed that_ nost (>98% of the

Navl.8 posiRGR&asettried aitusingDpeiss BB -pt3, NIrRyAN3-2ry, N3-3-571-R Pfilﬁ)er sets
for N3-1, N3-2, and N303 respectively. The same PCR cycles were used as described

above.
15

Example 1: Identification of a protein that interacts with rat Nav1.8

A rat sensory neuron cDNA library'! was used to screen for proteins that interaét
with the N-terminal intracellular domain of rat Nay1.8. Five identicai positive clones
encoding a full length p11 were identified through their interaction with the N-

20  terminus of Nay1.8. To test whether p11 binds to the N-terminal intracellular domain
of Nay1.8 in vitro, we expressed the GFP-p11 fusion protein in COS-7 cells, and
expressed the N-terminal domain of Nay1.8 as a GST fusion protein, GST-SNS(D).
The COS cell Iysates were incubated with affinity-purified GST and GST-SNS(I),
the N-terminal domain of Na, 1.8 fused to GST, immobilized on glutathione-

25 sepharose beads and were examined by immunoblotting with anti-GFP antibodies.
Purified GST or GST/SNS (1) did not pull down GFP protein. Purified GST did not
pull down GFP/SNS (I), while GST/p11 efficiently pulled down the GFP/SNS (I)
fusion protein. These data demonstrate that p11 binds directly to the NHZ-terminal of
SNS sodium channel. ’

30

We examined the tissue distribution of the p11 transcript. Northern blot analysis



Exanple 2 - pll regul ates translocati on of SNS sodi um channel into plasm
menbrane CHO SNS 22 cells are stably transfected cell line with rat SNS
sodi um chaioalo169¢DNA. They do not have SNS sodi um channel PCOrGBORN3gSOWEVETr
they express high 15 '"nmount of full length SNS sodi um channel nRNA.
| mmunocyt ochem cal study using anti-SNS sodi um channel pol yclonal anti body
(SNS 11) showed SNS sodi um channel -1ik® i munoreactivity in cytosol of
CHO SNS 22 cells but not in the plasma nenbrane. To study whether pl 1
changes t hghewtd highneetcaf dxprbsiomods 1ShstmhimmG mhdes ekprpssotnainmeanie
transfected CHO SNS 22 cells with G-P/pl 1 fusion %DNésr né BS: GFP/pl ).
The pl 1 ex@néélyp@ﬁnd«walﬁ@fﬁé@%s@alabragwehtemfmw@%?@ ¢e ‘to fused
G-P. The green fl or escenc

SHOVR®? gﬁ ¢ %é?‘frga%%gg i um ch anng(%d %?%RG &utr&% tgh?eﬁ%t

menbr ane. | e 1 nmunoreactivity, red,
f 1 uor escen%xv@é@@ﬂ?ﬂ@%@ (NGBRI ichfis kitviPlodatise deerdaseane tiksmulgthengisalcyt osol .
Co- expression of pl 1 and SNS sodi um channel was seep4| n the plasm

menbr ane. %Endlﬁamhamwaiﬁhneskmlésrﬂ]pﬁm peresptina inlargmpl medslaingsdact i vity of the

(5 EM 1 BivbdBegonpas Rtbred ofkGe o ekt PU 2y DG & PO TRE Db asme
menbrane f r}%&% ﬁfncg{sgfﬁfedtsﬁ‘g?g 3?19 Ngsiﬁ boiR sﬁfall%ﬁ‘lﬂke diakiésdr@Buin®t €i n, while

only 4.3% ke 1 mminoreactivity | ocal i zed on
the plasma @@ﬁbmemﬁnmnnasmaomlsmwahpmemh@p@ly@tosmméy SNS1These data
denonstrate that pl Prormtes the _trans| oc ﬁ n of Nacéy(]gl f{g]teln to the
ext racel | ul howae st aest RS0 9f theddayt- SFP@‘FV“GBG EHIPIEEe n‘B

i nduces SNS sodi um channel current in CHO SNS 22 cells In 9 froma tot aI of
42 CHO'™NS 22 cells transfected with pBS-GFP/pl 1, .TTX- resistant (TTX-r)
currents weggnifend pli Dadoul L RAatiAULTENS sodNGn shadinuhinchelased 5 current .
The currents—very.-cltosely resenbl ed the SNS sodi um channel Na+ current
recorded froembraansfect ed CCS cells, both in ferns of voltage-dependence

o o "0 8 e MR L B S S 1

1B). The reysiaalThey do not have SNS sodium channel current however they express high

15  ‘amount of full length SNS sodium channel mRNA. Immunocytochemical study
using anti-SNS sodium channel polyclonal antibody (SNS 11) showed SNS sodium
channel-like immunoreactivity in cytosol of CHO-SNS 22 cells but not in the plasma
membrane. To study whether p11 changes the cellular localization of SNS sodium
channel protein, we transfected CHO-SNS 22 cells with GFP/p11 fusion cDNA

20  (pBS-GFP/pl1). The pll expression was detected as green fluorescence signal due
to fused GFP. The green fluorescence specifically localized in the plasma
membrane. In the same cell, SNS sodium channel-like immunoreactivity, red |
ﬂuoresceﬁce, also shows signal in the plasma membrane as well as cytosol. Co-
expfession of p11 and SNS sodium channel was seen in the plasma membrane.

25  Densitometric analysis of Na,1.8-like immunoreactivity of the GFP-p11 fusion or
GFP protein expressed CHO-SNS22 cells showed that 16.5% (S.E.M. 1.2, n=30) of
Na, 1.8-like immunoreactivity moved to the plasma membrane fraction after the

é expression of GFP-p11 fusion protein, while only 4.3% (S.E.M. 0.4, n=30) of
Nay,1.8-like immunoreactivity localized on the plasma membrane in the GFP
30  expressing CHO-SNS22 cells. These data demonstrate that p11 promotes the

translocation of Nay 1.8 protein to the extracellular membrane.



potential for the currents is quite close to the theoretical reversal
potential for Na:' 10 (+81 nV), consistent with them bei ng Nat+ currents.
Any apparwpotosgesiati on fromthe theoretical value nay bePcorGBodesssd w t hin
experinental error, given the small size of the inward current and the
often non-linear current-voltage relations of CHO cells. No TTX-r inward
currents have ever been recorded befora fromeither non- transfected (n=41)
or GFP transfected (n=40) CHO SNS22 cells, following pll i5 transfection a
little over 20 % of the cells generated small Na+ currents. This is a

highly statistically significant findin P < Q. P.transfected or
control noBxamplgrstRidiia ‘}Ceﬁiﬁ&% d ent- CHO- elshat pl 1 maybe

a protein ne %‘Ijﬁg_ssﬁgg th' "thgjlp;‘gn(_}gp/ unetyxon, normal ly

m ssi ng‘frgnn‘??%g[%@gﬁ?. r%/ﬁeréeglrggﬂ\%tﬁﬁg? ac‘tN(l)r (NGF) ist known as a

pot ent hy pedsahGR STTX AP cingdr®y Were Qouridthat rbsesitdedodeutrdreal BNSsotlsms¢tomnelher ei n

i.e. the involvenent of pl I on the traffijcking NS s
c

f i,um channel
pr ot ei ns i ncarpitadie chmers ¥ere clasely apiserias tb‘Pl§NStsﬁglu¥?h lﬁgan(?fl}’rﬁw of NGF as

a hyperal gesi i d - lrat.i ' d
cubenquent et bR GOSN s pOLR GRSl dlpefiente nfM Lt
altering 2 ir{r?'a%sz_a?ﬂ%_zji(qfin@&{% oAty BeCcihatneh FISANAG). TRe ostraglbagedi 0s such as

prost agl andi act as hyperal gesic agents and its generation
depends on actyedtoaouyd)@nastd MO peakad pired) myHVes- 9Bon The revemehi doni ¢ aci d.

The |iberation of_ arachidonic acid fr nb I h ipids is 30
medi at ed bypoteREalHoH S| GRS Ié'%:‘il‘iltﬁlﬁ?%f: t%%?ﬁ%%tﬁ%ﬁgege %igﬁ “gﬁﬂlgggﬂlag plt hZ e

rate-limti ep..d - he: | (3] St @mﬂ}dﬁsd \Rhtich frGma@hes0 known
as an éﬂdoégglo{?y)v%dégy%gg’g%%m E)N%/ %%rfégggss %%li nhi bi t%r %or cytosolic
IOEOSIOhOI i p&ﬁ&rf\?ca( ARG be Tomsieial withig egpaiméntdlecioorgieen thy@raldyizhas been
shown to stinmulate expression of COX-2, c¢cPLA2, and pll.n i t.heli al

cel | |i ne9.of th inwariryestentand e afipn BYk R B‘f‘rr%'é’f’ﬁf‘gﬁgreﬂa&@ﬂ(s- «g{blééfc&gﬁ and
negative ( egul ator_for | ' hah di rolled by a
Common 5 moSRAGATNTAE Srsblf e T AR B RRRIE R (eF AL ’

antiflamm RelkfeBied RN 68 GFPhiaafe5tBa (18-48) CBIGe SNERP apitp folttevirgy/xDl
Antiflamm ns are a peptides that share a comon _sequence V,)f'th ut er ogl obi n
and | i pecorttansfettionnlittle avay2Gi¥t ofake eqllsigenerated small Na” currents. his is a

highly statistically significant ﬁnding (P < 0.002 vs. GFP transfected or control non-

transfected, Fisher exact test). This suggests that p11 may be a protein necessary for

SNS sodium channel Na* channel function, normally missing from the CHO cell.

20 Nerve growth factor (NGF) is known as a potent hyperalgésic mediator’. On the
basis of the results shown herein i.e. the involvement of p11 on the trafficking of
SNS sodium channel protein into plasma membrane, it appears that the known
function of NGF as a hyperalgesic mediator may be due to up-regulation of p117 and
subsequent membrane translocation of SNS sodium channel by p11 (without altering

25  the amount of SNS sodium channel mRNA®).

Prostaglandins such as prostaglandin E2 (PGE,) act as hyperalgesic agents and its
generation depends on cyclo-oxygenase (COX)-catalyzed conversion of arachidonic
acid. The liberation of arachidonic acid from membrane glycerophospholipids is

30 mediated by the hydrolytic action of phospholipase A2 and this is the rate-limiting

step in the generation of prostaglandins. p11 is also known as an endogenous A



i nfl ammat ory agent by suppressing | eukocyte trafficking to the |esionl0

however their activity in inflamation. in vivo is still controversial. 10
Exanpl e 4wvoHBfe®17 of pll anti sense on Navl.8 channel s To Pe3iGRIRO3§IOSSI bl €
regul atory role of pl | on Navl.8 channels in sensory neurons , we

m croinjected the pl.1 antisense expression vector, pBS-GFP/AS(pl 1), into
the nuclei of DRG neurons in culture.sd nmunohi stochem stry, using anti-p
11 polyclonal 15 antibodies confirnmed an efficient reduction of p 11 -Ilike
i mrunor eacthntbitot foncyRRGlic phusphokpdsy APNePLAR)Y o duatstaming goBsh fAERIAS(pl 1) .

The introduct | f pBS- GFP/AS(pl 1) al ti f Navl.8
curront | ( FCGUF )9S DRRSHRBARD SHERRNIPEPR SR CDGAST Ly ol PLOITEY i n
BS- GFP/ AS(pl.. 1) i nj ech ) - D4 . 4 S EM
o) when conaPb bR TREHERA e dionip ot P B0 RPN ° e 2

+/ - 40.3 pAePLivelpfl) rByfatdr f4 prostdsti@iin $nthesis iaddnedlled bpattpmnion contrast,
t he residual "nmaxi nrum I& current density derived fromcurrents recorded on

st eppi ng t anecBanisy. Inderestingty, silpadtini Iheavy ghait hasandiflapynip ke sepeASy p11) (61. 7
+/- 17.6 pApE i.n control cell 44 8.4/ - 5.5 pA pE.in.iniected, (nmeans
S.E.M, p Wwhighshareg a%fsﬁ‘?tfa?ele%f? I{i?ipedéﬁlquls ageg %%gltdf’sn%lap B3 he eff ect
of antisen (kI Rgdwhi@ i f€hs &fti-pB S- GFP/ AS/ p
11 on TTX- Zzgfln\sg}ﬁtﬁll %@&@S}Fmtﬁéﬁ%ﬁbﬁ@%@%@g W%Tx-se}{lsi tive current
densities vgflenuarty egdnety cmppdesting Stukdeytt sraffinkire todbe tesiont’ dbwererttheiest ) |
suggesting that pll is not required for the expression of other

TTX- sensi t iagBVEHH ARDEREARE ViEQUBSFHEENIaETSiHe present i nventors have
denonstrated that the functional expression of the TTX- insensitive VGSC
Nav 1. 8°(which hereinafter maybe referred to as the "SNS sodi um WO

03/ 016917 RGHWFROZ/ 8886f P13 aftiensedn Nav1s8 tleminklst at ed by interaction with a
second prot®in - p IT. This rnproved function appears to be effected

t hrough di rietesthopessiblpragubstary irele of Bt poNay 58 chanwgisd” SensRBI &A™ cl oni ng

of pl | to elucidate, bjndi omain_to Navl izRi.tal: i vi ded
Phtb thr ee W BEOMCIEHAf b At Rie S fedoPins ERSEIR Lb v, (0
cl oned i nt g PRSIPPREXRERSS 1ARuNEE! BEmuridhestéiheiists, usieg ape] gelgtionald t o

15  antibodies confirmed an efficient reduction of p11-like immunoreactivity in DRG

neurons by the introduction of pBS-GFP/AS(p11). The introduction of pBS-

GFP/AS(p11) also caused a dramatic loss of Nay1.8 current (Figure 2). The mean
peak Na* current density was reduced in pBS-GFP/AS(p11) inj ected neurons (63.1
+/- 24.5 pA/pF, mean +/- S.E.M. 1n=8) when compared with control neurons injected.
20  with GFP only (179.2 ;¥-/- 40.3 pA/pF, n=9, P < 0.04; Student’s two tailed t-test). In
contrast, the residual maximum K* current density derived from currents recorded on
stepping to +80 mV were not significantly affected by pBS-GFP/AS(pll) (61.7 +/-
17‘.6 pA/pF in control cells vs. 44.8 +/- 5.5 pA/pF in injected, (means =8.E.M., P =
0.4; Student’s two tailed t-test), suggesting that the effect of antisense was speciﬁc.
25  We also examined the affect of pBS-GFP/AS/p11 on TTX-sensitive currents in
ND7/23 cells. TTX-sensitive current densities were unaffected (p>0.1) Students
unpaired two-tailed t-test), suggesting that pll is not required for th¢ expression of

other TTX-sensitive sodium channel subtypes.

30  The present inventors have demonstrated that the functional expression of the TTX-

insensitive VGSC Nav 1.8 (which hereinafter may be referred to as the “SNS sodium



i ntroduce a Ncol restriction enzyme cut site in the 5 direction and Xbal
inthe 3 direction. to Forward prinmers: pl 1-5",
5' - AACCAMGGATOLAGAT CCCAAATG 3';  p 11-2-5', 5" - AACCATGCGTBCTORIGHSAAG 3'
pll-3-5', 5' - AACCATGGGGGCTCATCATTG 3'. Reverse priners: pll-1-3',
5' - GATCTAGATCTCAGGTCCTCCTTTGTIC-3';  pl1-2-3', 5' -
GATCTAGAC(I:CACTAGTGATAGAAAGC—3' i5 pll 5&3;, t dor| 4 xbal

- GATCTAGACTACIT ITCATGIGTAC- 3" . ol sites are underline
SI tes are bgg’&f‘%%lléd %Wﬂ?yé@?ﬁ@w wiik agedong ppatein -1/ Fhisimpraed

11-2-5'/pl rsetsforframentsl\Bl N3- 2,
gnd N3- 3 Peiﬁﬁé%t??nv%)?)é&rs %ﬁe éf??’lﬁ%egvg\ﬁ]&gggg?ﬁgr%péarﬁgeghmteég. "¢l es of 1 nin
at 94C, followed by 1 min 30 sec at 55C, and then 1 min 30 sec at 72C. PCR
20 products were digested with restriction enzymes EcoR and Notl and
ligated into pre- linearized pBS500 vector. The resulting constructs were
sequenced W v, CATGGTCCTTCTTGAG3 ) and
reverse pri ‘ apeidalebapging domainio hb_pléB 21 .
fragment wasyif ( 51 an
52- g?) and 3lc}ﬁzﬁhﬁﬁagyggl%gne%%@gggﬁts ct org%gfsd%egﬂa%g’)égﬁa%%@a Forward
primers: plﬂ&Qﬁ@d@lmﬁA&@Wﬁé@@%@ﬁﬁ&s usef Werd desioned g VeEr se
prinmers: p11 2- 5" GATCTAGAAGCCAGAGGGTCCTTTTGA- 3' . PCR was
carried out ! Er?ﬁfl’if °h C‘%ICS@WOB epgymelcut site @ thpd’ giraction apdKbgl nth@33' pri mer
sets for fragne p 11-2-1 and p 11-2-2 respectively.. Another fragnment pl
| -1 A (am no amgs "1-5 1) was al so cloned using the WO 03/016917

PCT/ GBO2b 03 Fa2watprirfdrs: N - 8.8 - PACCATRRATEOCAFCedRA AGFRAR! 1 fusion
protein was expressed in COS-7 cells Dy transient transfection. The Naal.$8

N—term nal Mddion; %MWGGE@HN@@A@@&?ate fragnents, fused to
mnobl of t R i - e BRSO BB A1 b has " rect 1y to NS
region (aa %é%@bnnﬁw. bl180%, 5-GATCTAGATCTCAGGTCCTCCTTTGTC-37;
 pl123, 5 GATCTAGACGCCACTAGTGATAGAAAGC-3;
15 pl1-3-3, 5-GATCTAGACTACTTCTTCTGCTTCATGTGTAC-3".

Ncol sites are underlined. Xbal sites are boldfaced. PCR was carried out using p11-
5 pi 1-1-3", pl 1-2-5'/p1 1-2-3°, p11-3-5'/p11-3-3" primer sets for fragments N3-1,
N3-2, and N3-3 respectively. The following cycles were used: 25 cyéles of 1 min at
94°C, followed by 1 min 30 sec at 55°C, and then 1 min 30 sec at 72°C. PCR

20  products were digested with restriction enzymes EcoRI and Notl and ligated into pre-
linearized pBS500 vector. The resulting constructs were sequenced with forward
primer GFP5 (5’-ACCACATGGTCCTTCTTGAG-3’) and reverse primer CSF-R
(5’- TGCTGTTTAAATATTAAACAGGG-3).

25 The p11-2 fragment was further cut into two smaller fragments (amino acids 33-51
and 52-77) and cloned into pBS500 expression vector as described above, Forward
primers: p11-2-2F, 5’-AACCATGGGTGGACAAAATAATGAAAGAC-3’; p11-2-
5'. Reverse primers: p11-2-3'; pl 1-2-1R, 5’-
GATCTAGAAGCCAGAGGGTCCTTTTGA-3. PCR was carried out using p11-2-

30 5'pll-2-1R and p11-2-2F/ p11-2-3' primer sets for fragment p11-2-1 and pll-2-2

respectively..Another fragment p11-1A (amino acids 1-51) was also cloned using the



GST-N1 and GST-N2 did not pull down GFP/pll nor did GST control bind to
GFP/p 11. 10 GFP and GFP/p 11 fusion protein were expressed in COS-7 cells

by transiwotod/otaansfecti on. The COS cell |ysates were i ncROAtGRI20845D
affinity-purified GST-N3-1, - N3-2, and N3-3 fragnents of the N-term nal
domain of Navl.8 fused to GST, immobilized on gl utathione-sepharose beads

and were exam ned by i mmunoblotting wsih anti-G-P anti bodies. Purified
GST-N3-1 and GST-N3-3 did not pull down 15 GFP/p 11, while GST--N3 -2
ef ficientl yprihdrisetpidesvant be1-GAM.p 11 fusion protein (am no aicds 75-102).
GFP/pl 1-1, -2, -3 fusion protein were expressed in COS-7 cells by
transient transfection. The COS cell |ysates were incubated with

ffinity- if] GST- SNX( | 20 th i i f d
GsT. 1 mrobi P BT SO RP R et st Bl A Tty o 1
i mrunobl ot tig sWLBmARklreS36R val Rl Eisito thiee kel agHieftsNRkedidl GsTHOWN cel |

lysates p 11-1 and p 11-3,; but it efficiently pulled down cell |ysate pl
1- 2 (amisno iamnetslig@-on7alutafor@Repidrose-bbads antliwee epamingd by immynplottdg? f usi on

e et Ol S LA g™
N-term nal dedmin, of cleMdb SidfdeFsl 4w EEFrd1IMRPlld GSH coftfol bind to

gl ut at hi one-sepharose beads and  were exam™ned by i mmunoblotting with anti -
GFP anti bodGEB/p1 GST-SNS(1) did not pull down cell lysates pl I-1A pll-2-1,
nor 30 pll-2-2. These protein fragnents correspond to am no acids 1-51,

33-51, 52-77 respectively. GST-SNS(1) efficiently pulled down cell |ysate

pl -1-2. WD 01 PCT/ GBO2/ pl ¥ is of pll

Mut at ed-%EF &gﬁ&ngﬁégﬁﬁég%pFogéigg‘éé%g&ﬁ%@e&?%o%%n %oréngll to bind to
Navl. 8, poifinsfastioh i TBRSCOYREIR]yESBE Watealcbatet M tPafliditi=buifiedIGEITAMW-Ng- r egi on
of construct p 11-2. The 5 oligonucleotide-directed point nutation was made

by a two- st Np-2pehd 3 dsfeagriratyof theNeriminalstontairof Nudi hiisedvs Git-ageni c
LA EN A HETEIOTLAL T ITRNE o
with anti-GFP antibodies. Purified GST-N3-1 and GST-N3-3 did not pull down
15  GFP/pll, while GST--N3-2 efficiently pulled down the GFP/p11 fusion protein
(amino aicds 75-102).

GFP/pl1-1, -2, -3 fusion protein were expressed in COS-7 cells by transient
| transfection. The COS cell lysates were incubated with affinity-purified GST-SNS(I),
20  the N-terminal domain of Nay 1.8 fused to GST, immobilized on glutathione-
sepharose beads and were examined by immunoblotting with anti-GFP antibodies.
GST-SNS(I) did not pull down cell lysatés pl1-1 and p11-3, but it efficiently pulled
down cell lysate p11-2 (amino acids 33-77).

25  GFP/pll-1A, p11-2, p11-2-1, and p11-2-2 fusion proteins were expressed in COS-7
cells by transient transfection. The COS cell lysates were incubated with affinity-
purified GST-SNS(I), the N-terminal domain of Nay1.8 fused to GST, immobilized
on glutathione-sepharose beads and were examined by immunoblotting with anti-
GFEP antibodies. GST-SNS(I) did not pull down cell lysates p11-1A, p11-2-1, nor

30  pl1-2-2. These protein fragments correspond to amino acids 1-51, 33-51, 52-77
respectively. GST-SNS(I) efficiently pulled down cell lysate p11-2.



sets were used to introduce nmutation 1 in amno acids 56 to 60 (from am no
acid sequence DQCRD to AQARA): pl 1-5/pl |-mutationl-R pll-3'/pl

| - mut at i owbD-08/016b@7 Forward priners: pll-5', 5'-AACCATGGATGECATGEIZASATIG 3'
pll- nutationl-F, 5 -GGECCCAGECCCGACCTG 3'. Reverse priners: pl 1-3", 5 -
GATCTAGACTAC TTCTTCTCCTTCATGIGTAC-3'; p 11 -nutationl -R 5'-
TCCAGCTCGEECCTGEECE- 3. PCR cycl es: 35%scycles of 94C 1min, 63C I mn 30sec,
72C Imin 30 sec. 15 The following primer sets were used to introduce
mutation 2 in amno acids 62 to 67 (fromam no acid sequence KVG-FQS to
AVAFQA) in pll: pl I-5/pll-nmutation2- R pll-3'/pll -nutation2-F. Forward
primer: plExampletG: dfutageness of GGCCT-3'. Reverse primer: pll

-nutation2-R,. &' OTGAAEA GGAA =3 \.P | es; .. cycl es of
94C | i n, ngiéﬁp‘?ﬁ%%r%&‘% ,ha%&lq‘mﬁ?nggf?éﬁ%%%? \N&%"M@ﬁﬁ@gcont ai ni ng
the mutati i WelcenathiGhoPUET bt HREAQOcpioKbr @nsirt pregi ohe at Neol / Xbal
sites. Incorporation of the nutation was confirned by 25 DNA sequenci ng
usi ng the biipwarcttofitiedirectGFRiint mbtatiCweA@ATEEY € teT-FEP Teh@@ase, chain summary,
the data presented here show that the 1is resgontsi bl.e for

| 3
trans| ocat ireRFHER PRRESOs BRING AV FRgEnLc @Flgr’teéq 3, Hedey R A N %ugﬁd is a
VO 03/0169 i%}gllt:}g%—{ 1%%?)@%ép&eﬁ%o%&%%sﬁs&?é%ﬁ%}g\’@ The s iRwih@prighi® sodi um

channel fu rnteraction between pl 1 and SNS sodi um

channel caReRKRYd tRdao iaf@ate fafatibheiapeaitd widsiS6te60€¢frbmaminmagdi n st at es.
5 References 1 Fitzgerald, E M,
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20 TAGAAAGGCCTGGAA GGCCACTGCT-3’. PCR cycles: 40 cycles of 94°C Imin,

60°C 1min 30sec, 72°C 1min 30 sec.

The two PCR products containing the mutations were subcloned into pBS500
expression vector at Ncol/Xbal sites. Incorporation of the mutation was confirmed by

25 DNA sequencing using the forward primer GFP5’, 5’-
ACCACATGGTCCTTCTTGAG-3.

In summary, the data presented here show that the p11 is responsible for

30 translocation of SNS sodium channel protein into plasma membrane and is a
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the activity of the VGSC indicates that the test compound is an inhibitor
of said VGSC. 5.. A nethod according to any one of the preceding clains
wherein swDA3NWGEST is a channel associated with responses PCO/GEIR203858. A

met hod according to any one of the preceding clainms wherein said channel

is expressed in sensory neurons. 7. A nethod according to claim®6 wherein
said channel is sensory neuron specif4gec (SNS). 8. A nmethod according to
any one of the preceding clains wherein said channel WD 03/016917

PCT/ GB02/ 03852 59 is tetrodotoxin ClesiM§ant. 9. A nethod according to any
one of claims 1 to 6 wherein said VGSCis selected fromthe Nav 1.8, Nav
1.9 and Nav 1.3 sodium channels. 10. A nethod according to any one of the

precedi ng ¢l ai ns, wher ei n.sai.d .VGSC an_am i U conpri si ng:
(a) the Na\cl- 1. 8Aa’FPieﬁ’8%é’?i“§en§ d%%%z‘?é’dﬁﬁ?"é@ga V@t%%g%%dgf’a@%@ 1 6, (b) a
speci es or (@GS@ i&m%ﬁ%@%d&ﬁnﬂrggéz (c) a variant of (a) having at least 65%
am no acid sequg’nce Identity thereto; or (d) a fragnment of any of (a) to
(c); wherei@®) saibding@EgGnivetoatanta VEECabipll1 pgptide abd ndesh cpnpaungapdeie. 11. A
met hod according tg claim 10 wherein said VGSC.retains,.the.ability to

nmedi ate a sodi uﬁP%‘@lFl?’éSn‘th%TEFI%?sggg et ifead pepyde ﬂeﬁ@%&)‘ﬂoﬁ(‘?%]rngiang to claim

10 or 11 wherei i d-~ I saavenge of amno acids 53 to 127
or 75 to 102 of Qg%%i%}{%%@@ﬂ%?fﬁ%%ﬁ%?ﬁ%lg actording to any one of the
precedi ng ghpi Mmykenet M saivity pf thk VESQ) wikteihashangeainitimacivity of éguence
conprising: (a) the amno acid sequence of SEQ ID NO 4 or SE(gﬁl D NO 8;

(b) a species orV@bCapladveiarthamtivey iy i ,abseye g thgtesh RRMBPUndaRdIRalEs ng at
east 70% ami no aglfl, SEAUANSAn A hbANabPSF ElPVGRC..

2. A method according to claim 1 wherein said activity is the ability of the

VGSC to form a complex with the p11 peptide.

3. A method according to claim 1 wherein said activity is the ability of the

VGSC to mediate a sodium current across a membrane.

4. A method according to any one of the precéding claims wherein a decrease in

the activity of the VGSC indicates that the test compound is an inhibitor of said
VGSC.

5. A method according to any one of the preceding claims wherein said VGSC

is a channel associated with responses to pain.

6. A method according to any one of the preceding claims wherein said channel

is expressed in sensory neurons.

7. A method according to claim 6 wherein said channel is sensory neuron

specific (SNS).

8. A method according to any one of the preceding claims wherein said channel



(d) a fragnment of any of (a) to (c); wherein said pl 1 peptide retains the
ability to bind a VGSC. 14. A nethod according to claim 13 wherein said pll
pepti de cwopsios®s7t he sequence of amino acids 33 to 77 ofPCSEBRD3INO 4. 15.
A nmet hod according to any one of the preceding clains wherein said pl 1 WO
03/ 016917 PCT/ GB02/ 03852 60 peptide is a full length p 11 protein or a
species or allelic variant thereof. 1659 A nethod according to any one of
the preceding clainms wherein said VGSC and said p 11 peptide are provided
in a cell anstrsddtdximebdisthng. contacted with a test conpound. 17. A net hod
according to any one of the preceding clains wherein said VGSC is provided
ina cell in which the functional expression of said channel has been

enhanced by i ncreasiig £88alng\ehnPhnd¥f claiinB 1458 Wikkdin sdid. vas @ hod

according to claim16 or 17 wherein said cell endogenously expresses said
VGSC and/ orselgeted fipidlthe évi 1d& N&. 1. AamENmo tl. 3sodivndehagntle. cl ai m 16 or 17
wherein said channel and/or said pll peptide are expressed fromone or
nore vectors introduced into said cell. 20. A nethod according to claiml

comprising jghe S ERhoRlackdrtid 8 ¥hilbilofn Blobedifls Wil hiiEin ROV LA0A)

activity of "an i um channe S n enhanced by increasing the

concentrat i}ﬁgalggmg;loladid]sgqn@ndéebbmpﬂéihgj contacting the channel in the cell
with the test conpound; and (iii) nmeasuring the activity of the channel.
21. A met hde) acdle Nand.& amiop atithsequeoepel SHQ D OHe: %P%%@Qéé N@y6:bri ngi ng into
contact an SNS sodiun1cQﬂ%?el .5%1 ﬁﬁ?d a putative nodul ator conpound
under condi®} ond REEFECT HELENEITESF (M channel and the pl11, in the absence

of modul at qgy are,£ARAGH §) Rivid LA RR06P, SRR Aid seilendel ildntiparttiong t he
degree of inhibition of conplex formation baused by said nodul ator
conmpound. 28) A anfieddvasht af ey oli (aptot(o);cl ai m 1 conpri sing the steps of

wherein said VGSC retains the ability to bind a p11 peptide.

11. A method according to claim 10 wherein said VGSC retains the ability to

mediate a sodium current across a membrane.

12. A method according to claim 10 or 11 wherein said VGSC comprises the
sequence of amino acids 53 to 127 or 75 to 102 of SEQ ID NO: 2.

13. A method according to any one of the preceding claims wherein said p11
peptide has an amino acid sequence comprising:

(a)  the amino acid sequence of SEQ ID NO: 4 or SEQ ID NO: 8;

(b)  aspecies or allelic variant of (a); '

(c) a variant of (a) having at least 70% amino acid sequence identity thereto; or
(d)  afragment of any of (a) to (c);

wherein said pl1 peptide retains the ability to bind a VGSC.

14. A method according to claim 13 wherein said p11 peptide comprises the

sequence of amino acids 33 to 77 of SEQ ID NO 4.

15. A method according to any one of the preceding claims wherein said pl1



(i) bringing into contact an SNS sodi um channel, pll, and a putative

nodul at or WD 03/016917 PCT/ GB02/ 03852 61 conpound under conditions where
t he SNS swoioamme@hannel and the pll, in the absence of no®aTAtRIR/03%0R e
capable of formng a conplex; (ii) exposing the SNS sodi um channel to a
stimulus such as to produce a sodium current across a nmenbrane in which
the SNS sodi um channel is present; andé0 (iii) measuring the degree of
inhibition of the current caused by said nodul ator conpound. 23. A nethod
accor di ng tpeptideyis arfiell thgthhel Ipretcdirragpetied orsalielie vareant &ieignii sing the step
of formulating said test conpound as a pharnmaceutical conposition. 24. A
met hod according to-claim23 further conprising adm nistering said

formul ati on ﬁt o] @pn# Hfé)idva]icgdféinrgftQ l:m}t bs &ftﬁ@f)ﬂglgé}ﬁné)élaﬁ@ Wherél.safd veglod of

enhanci ng the functional expression of a voltage gated sodi um channel
(VGSO) in angehill pMhipeptidetré prbvirtedin h selbatdhwidtadiis obntacicd mdkiatgstt he | evel of
p 11 in the cell. 26. A nethod according to claim?25 wherein said VGSC is
as defined compawyd-one of clains 5 to 12. 27. A method according to claim
25 or 26 wherein said pl | is as defined in any one of clains 13 to 15.
28. A conpound identified by a nethod of any one of clains 1 to 24. 29. A

host cel | gapablgnRihdPaREQaEIoNE ady YT tAf grededihg dlaprpivheteindart €GBCsai d
VGSC and/or said pll peptide is expressed fromone or_ nore heterol ogous
expr essi on ivpewvaled inetchll in which teesfunctie] expsession of sag vBaUREhshSER i fied by a
met hod of an ong of, clains . 1.to 2f4 iln hhe manuf acture of a nedi canment for
modul at i ng PAEEE REARSrAsMehp FVESIIat L 47 te SHi t age WO 03/ 016917
PCT/ GB02/ 03852 62 gated sodium channel. 31. Use of an inhibitor of p 11
activity or expression in the manufacture of a

18. A method according to claim 16 or 17 wherein said cell endogenously

expresses said VGSC and/or said p11 peptide

19. A method according to claim 16 or 17 wherein said channel and/or said p11 A

peptide are expressed from one or more vectors introduced into said cell.

20. A method according to claim 1 comprising the steps of:

i) providing a cell in which the functional activity of an SNS sodium channel
has been enhanced by increasing the concentration of p11 in the cell;

(i1) contacting the channel in the cell with the test compound; and

(iif) measuring the activity of the channel.

21. A method according to claim 1 comprising the steps of:

@) bringing into contact an SNS sodium channel, p11, and a putative modulator
compound under conditions where the SNS sodium channel and the p11, in
the absence of modulator, are capéble of forming a complex; and

(i) ~ measuring the degree of inhibition of complex formation baused by said

modulator compound.

22. A method according to claim 1 comprising the steps of:

) bringing into contact an SNS sodium channel, p11, and a putative modulator

i



medi cament for nodul ating the functional expression of a voltage gated
sodi um channel. 32. Use according to claim30 or 31 wherein said

medi canmerwoiog/oi@n? pr oduci ng anal gesi a. 33. Use accor di ng PCo/GH02/088530, 31
or 32 wherein said nedicanent is for relieving chronic pain. 34. Use
according to any one of clains 30 to 33 wherein said inhibitor of pll
activity or expression is selected frafh an anti body or fragnent thereof
specific to the p 11 peptide and antisense cDNA directed to the, sequence
encodi ng the p tdmpewtd ewler c@@itions svharecbe SNSgodiymtehnpsland iicehdi #1 sai d

o1 protei n defreriensy chaulad it SEEb R GG B (B 2% 56%' A et hod
of treati n?lgé‘ di sﬂf‘grtrl]lgrsmghﬁﬁ OnAS S0 6 isBaHisWhéhad B rédict Hisbdiuef a

vol t age ga sodi um<channel, said nethod conprising adm nistering to an
i ndi vi dual in needeithersoh mendoamedn mdichdba SINS| sedivny clenneltinowgsett; andy one of

clains 1 to 24 or an inhibitor_of. pll activity or expression.. 37. A
peptide cofiidi simRgsEing @ég?g’fi@‘)@&%‘[bit&%ﬁéhea?ﬂq%t ‘éaéﬁs?)‘i(g%fal% gﬁog{ﬂﬁg)rs equence
fromam no aci dc75/58n@m' no acid 102 of SEQID NO 2, or (b) a sequence
havi ng at | east 859% am no aci d sequence identity to (a), wherein said
peptide is capable of specifically binding a pll peptide and is |ess than

1000 amino acids in |length. WO 03/016917 PCT/ GB02/ 03852 63 38. A peptide
conpri si ng2at | damethbd acomdingdeary end efdhapicerding claigys MHBCOHPESEE from

' id 33t ' id. f SEQ I.D . havi
U Toast 760 4 AbloBRT SR Gl feb i 6 Py Aicgf AmfbeR R EOE TP

capabl e of specifically binding a voltage gated sodium channel and is |ess
than 80 am no acids in |ength. 39. A peptide according to claim37 or 38
whi ch conpridses Amellpastccding20 chim 25 furthem coguusisg admpvstedngsibf (a) or
(b). .

formulation to an individual for the treatment of pain.

25. A method of enhancing the functional expression of a voltage gated sodium
channel (VGSC) in a cell which method comprises the step of increasing the level of

pl1 in the cell.

26. A method according to claim 25 wherein said VGSC is as defined in any one

of claims 5 to 12. \

27. A method according to claim 25 or 26 wherein said p11 is as defined in any

one of claims 13 to 15.
28. A compound identified by a method of any one of claims 1 to 24.

29. A host cell capable of expressing a VGSC and a p11 peptide wherein said
VGSC and/or said pl1 peptide is expressed from one or more heterologous

expression vectors within said cell.

30.  Use of a compound identified by a method of any one of claims 1 to 24 in the

manufacture of a medicament for modulating the functional expression of a voltage
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gated sodium channel.

31.  Use of an inhibitor of p11 activity or expression in the manufacture of a
medicament for modulating the functional expression of a voltage gated sodium

channel.

32.  Use according to claim 30 or 31 wherein said medicament is for producing

analgesia.

33.  Use according to claim 30, 31 or 32 wherein said medicament is for relieving

- chronic pain.

34,  Use according to any one of claims 30 to 33 wherein said inhibitor of p11
activity or expression is selected from an antibody or fragment thereof specific to the

pl1 peptide and antisense cDNA directed to the sequence encoding the p11 peptide.

35.  Use according to claim 34 wherein said antibody or fragment thereof is
directed to an epitope in the region of a p11 protein defined by amino acids 33 to 77

of SEQ ID NO: 4.

36. A method of treating a disorder or condition associated with the activity of a
voltage gated sodium channel, said method comprising administering to an
individual in need thereof a compound identified by a method of any one of claims 1

to 24 or an inhibitor of p11 activity or expression.

37. A peptide comprising at least 10 contiguous amino acids of

(a) the sequence from amino acid 75 to amino acid 102 of SEQ ID NO: 2, or

(b) a sequence having at least 65% amino acid sequence identity to (a),

'wheréin said peptide is capable of specifically binding a p11 peptide and is less than

1000 amino acids in length.
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38. A peptide comprising at least 10 contiguous amino acids of
(a) the sequence from amino acid 33 to amino acid 77 of SEQ ID NO: 4, or
(b) a sequence having at least 70% amino acid sequence identity to (a),
wherein said peptide is capable of specifically binding a voltage gated sodium

channel and is less than 80 amino acids in length.

39. A peptide accOrding to claim 37 or 38 which comprises at least 15, 20 or 25

contiguous amino acids of (a) or (b).



