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THERAPEUTICCOMPOSITIONSFORTREATINGPAINVIAMULTIPLETARGETS 

5 Technical Field 

Thedisclosurerelatestonon-opioidtherapeuticcompositionsfortreatingpain.  

Background 

IntheUnitedStatestheCenterforDiseaseControlestimatesthatasmanyas100million 

10 peoplesufferfromchronic pain.Oneprevalentapproachtothetreatmentofpaininvolvestheuse 

ofopioids.Althoughopioiddrugsarehighlyeffectivetreatmentsforpaintheabuseofthose 

addictivedrugsisunderstoodtobeanepidemicproblem.Neverthelesstherearemanycommon 

medicalconditionsthatarepainfultoexperienceandlivewith.  

Onecommonmedicalconditionthatofteninducesseverechronicpainisosteoarthritis.  

15 Osteoarthritisoccurswhenthecartilageinjointsbreaksdownorwearsawayeventuallyleading 

toexposedboneonthejointsurfacesthatrubtogetherandcanfragmentorsplinter.Manypeople 

whosufferfromosteoarthritisarefamiliarwiththeenduringpainthatthisconditionbrings.  

Anothercommonmedicalconditionthatmaycauseseverechronicpainiscancer.TheAmerican 

CancerSocietyattributescancerpaintothecanceritselfnotmerelytoaninflammatoryresponse 

20 tothecancer.Researchindicatesthatcancercellsthemselvesdrivehypersensitivityofsensory 

S 

canceritselfcanbeadirectcauseofseverepain.  

Therearevariousapproachestotreatingpainbuteachisassociatedwithspecific 
limitations.Over-the-counternon-steroidal S S 

anti-inflammatorydrugs(NSAIDs)maylackthe 

25 necessaryefficacytotreatcertainformsofpain.Inadditionsomepeoplebecomenon

responsivetoNSAIIIDsorcannottolerateadverseeffectsonthedigestivesystemandkidney 

function.Opioidsareunderstoodtobeeffectivefortreatingpainbutcomewithasteephuman 

andsocietalcostandmayloseefficacyovertimeduetodevelopmentoftolerance.Opioidsare 

addictivenarcoticsandarewell-understoodtobeimplicatedinabusediversionandevenfraud 

30 andcriminalactivity.FurtherseriousdrawbacksofNSAJDandopioidtreatmentincludeahigh 

deathtoll.  

1 

neurons.Thusnotonlycanacancermanifestasatumororspreadthroughoutthebodybutthe
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Summary 

5 Theinventionprovidestherapeuticcompositionsusefultotreatpainthatdonotrequireor 

involveopioids.Thecompositionsincludeshortnucleicacidsoroligonucleotidesthatprevent 

thesynthesisofproteinsinvolvedintheperceptionofpain.Specificallycertainneuronsoperate 

aspain-sensing"nervesornociceptors.Thosepain-sensingneuronshaveproteinsthatfunction 

asvoltage-gatedsodiumchannels.Whenstimulationofthenerveendingsexceedsathreshold 

10 voltage(V),thenociceptorneuronsconductsodiumions(Na+)acrossthecellmembranewhich 

cancausetheneurontodepolarizeinaregenerativefashionleadingto"firing"ofpropagating 

e signalsthatunderliethesensationofpain.Compositionsoftheinventioninclude 

oligonucleotidesthatbindtothemessengerRNA(mRNA)orprecursormRNA(pre-mRNA) 

usedinmakingthosesodiumchannelproteinsthatenablepainsensation.Theinventionincludes 

15 theidentificationofnumerousspecificvalidatedtargetswithinthoseRNAs.The 

oligonucleotidespreventthoseproteinsfrombeingmadewhichdecreasesthesensitivityor 

activityofthosepain-sensingneurons.Becauseactivityofthepainsensingneuronsisdecreased, 

thepatientexperiencesfarlesspain.Thecompositionsdonotneedtoincludeanyopioidsor 

othernarcoticsandthusarenothabit-forming.Thecompositionsmaybeusedincombination 

20 withopioidstoreduceeffectivedosesofopioids.Thecompositionsthusprovidelong-termpain 

Thereareninefamiliesofvoltage-gatedsodiumchannelsinhumansnamedNaVi.1 

throughNaVi.9.OfthosenineproteinsNaVi.7,NaVi.8,andNaVi.9areexpressedin 

nociceptordorsalrootganglion(DRG)neuronsandcontributetotheperceptionofpain.  

25 OligonucleotidesofthedisclosurearedesignedtobindtocertaintargetsintheRNAs 

usedinsynthesisoftheNaVi.7,NaVi.8,andNaVi.9proteins.Bindingoftheoligonucleotides 

preventsproteinsynthesisanddownregulatesexpressionofthecorrespondingNaVchannel.  

Specificallytheoligonucleotideshaveasequencethatissubstantiallyorentirelycomplementary 
S 

tooneoftheidentifiedtargetsonaNaVchannelpre-mRNAormRNA.Thatisthe 

30 oligonucleotideisantisensetotheidentifiedtarget.Whentheantisenseoligonucleotide(ASO) 

hybridizestoitstargetRNAtheyformadouble-strandedASO:RNAduplexthatrecruitsan 

2 

reliefbydownregulatingsodiumchannelsinpain-sensingneurons.
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enzyme(RNaseH)thatdegradesaportionofthedouble-strandedduplex.Degradingthe 

ASO:RNAduplexdepletestheneuronofNaVchannelmRNAwhichdecreasestheamountof 

NaVchannelsynthesizedbythecell.DownregulatingNaVchannelexpressioninterfereswith 

theabilityoftheneurontocontributetothesensationofpain.  

5 Thuswhenacompositionthatincludesoligonucleotidesthatareantisensetothe 

identifiedtargetsinNaVi.7,NaVi.8,orNaVi.9pre-mRNAormRNAisadministeredtoa 

patientthatpatientwillhaveadiminishedexperienceofpain.Accordinglycompositionsofthe 

disclosureareusefultotreatpaininpatientswithoutrequiringtheuseofopioidsandmayalso 

minimizeorleadtoloweruseofopioids.  

10 Incertainaspectsthedisclosureprovidesacompositionfortreatingpain.The 

compositionincludesanoligonucleotidethathybridizestoapre-mRNAormRNAencodinga 

sodiumchannelproteinalongasegmentofthatRNAthatisatleastabout750~complementary 

tooneofSEQIDNOs:1-141totherebypreventtranslationoftheRNAintothesodiumchannel 

protein.Theoligonucleotidemayhybridizetoandknockdownexpressionofoneormoreof 

15 NaVi.7,NaVi.8,andNaVi.9pre-mRNAormRNA.Preferablyasequenceofbasesinthe 

oligonucleotidehasatleast800oidentitytooneofSEQIDNOs:1-141. Forexamplethe 
S 

sequenceofbasesintheoligonucleotidemaybeatleast900oor950oidenticaltooneofSEQID 

NOs:1- 101, andtheoligonucleotidemayhybridizetoandinduceRNaseHcleavageofeither 

NaVi.7orNaVi.8pre-mRNAormRNA.Thecompositionmayincludeapluralityof 

to 

oneofSEQIDNOs:1-141.  

Therapeuticoligonucleotidesofthedisclosuremayhaveagapmerstructurethatincludes 

acentralDNAsegmentflankedbymodifiedRNAwings.Suchatherapeuticoligonucleotide 

mayincludetwowingsflankingacentralregionofDNAbases(e.g.,about8to10DNAbases).  

25 PreferablyatleastoneendoftheoligonucleotidecomprisesmodifiedRINAbasese.g.,any 

numberoranycombinationof2'-O-methoxyethylRINA("2'-MOE")and/or2'-O-methylRINA 

("2'0-Me").Inadditioncompositionsoftheinventionmaybedesignedtotargetanexon-exon 

junctioninordertodifferentiallytargetcytoplasmicversusnuclearmRNA.ThusASOsofthe 

inventioncanbedesignedtointeractwithRNApriortooraftersplicingaddingspecificityand 

30 versatilitytothecompositions.  

3 

20 therapeuticoligonucleotideseachhavingabasesequenceatleast80,90,95or100~ S
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Thetherapeuticoligonucleotidemaybeprovidedinasolutionorcarderformulatedfor 

intrathecalinjectionpreferablyabout3to4timesperyear.Theoligonucleotidemaybeofany 

suitablelengthe.g.,atleastabout13basespreferablybetweenabout15and25bases.The 

oligonucleotidemayhavephosphorothioatebondsinthebackbone.Inpreferredembodiments 

5 theoligonucleotidehasabasesequencethathasbeenscreenedanddeterminedtonotmeeta 

thresholdmatchforanylongnon-codingRNAorotheroff-targetsequencesortranscriptsin 

humans.Theoligonucleotidemayhaveabasesequencewith0mismatchestoahomologous 

segmentinanon-humanprimategenomeandnomorethanabout5mismatchesinahomologous 

segmentinarodentgenome.  

10 Whenthecompositionisdeliveredtodorsalrootganglion(DRG)neuronsinvitrothe 

DROneuronsexhibitadose-dependentknockdownofNaVl.7,NaVi.8,orNaVi.9.The 

oligonucleotidemaybeagapmerhavingabasesequencewithatleasta900omatchtooneof 

SEQIDNO:1-141,withbaseslinkedbyphosphorothioatelinkages.Thelinkagesmaybeall 

phosphorothioateoramixtureofphosphorothioateandphosphodiesterbonds.The 

15 oligonucleotidemayfurtherhaveacentral10DNAbasesflankedbyaSwinganda3'wing, 

the5'wingandthe3'wingeachcomprisingfiveconsecutive2'modifiedRNAbases.  

PreferablytheoligonucleotidehasabasesequencematchingoneofSEQEDNO:1- 141, with 

baseslinkedbyphosphorothioatelinkagesandastructurehavingcentralDNAbasesflankedby 

a5winganda3wing.ThenumberofRNAbasesinthewingsandDNAbasesinthecentral 

eachincludeseveral2-MOERNAbases.Forexampletheoligonucleotidemayhave5 

consecutive2'-MOERNAbasesineachwingwithacentral10DNAbases(a"5-10-5" 

structure),withphosphorothioatelinkagesthroughoutthecentralDNAsegmentandamixtureof 

phosphorothioateandphosphodiesterbondsinthewings.  

25 Incombinationembodimentstheinventionprovidescompositionsthatincludea 

pluralityofcopiesofapluralityofdistincttherapeuticgapmerseachaccordingtothe 

descriptionsaboveinasuitableformulationorcarder.  

Preferablyanoligonucleotideofthedisclosureexhibitsatleast250~betterNaV 

knockdownthanacontrolgapmer(e.g.,inanassayusingDROneuronsinvitrowhereinthe 

30 controlgapmerconsistsofGCCAUAATCCGGGTTUCUGC(SEQIDNO:165)linkedonlyby 

4 

20 segmentmaybe5-10-5or4-12-4,orasimilarsuitablepattern.The5'wingandthe3'wingmay
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phosphorothioatelinkagesandfurthercomprisingacentral10DNAbasesflankedbya5'wing 

offiveconsecutive2'-MOERNAbasesand3wingoffiveconsecutive2'-MOERNAbases).  

Aspectsofthedisclosureprovideauseofanantisenseoligonucleotide(ASO)forthe 

manufactureofamedicamentfortreatingpaininapatient.IntheusetheASOhasatleastabout 

5 750~S withoneofSEQIDNOs:1-141,andmorepreferablyatleast900oidentitye.g., 

95~oor100%S PreferredembodimentsuseanASOthatisbetweenabout15and25 

basesinlengthpreferablybetweenabout18and22,orbetweenabout19and21(inclusive).In 

generalreferenceto"anASO"includesnumerouscopiesofsubstantiallyidenticalmolecules.  

Accordingly,"anASO"maybeanynumbere.g.,hundredsofthousandsormillionsofcopies 

10 oftheindicatedASO.InpreferredembodimentstheASOis20basesinlengthandhasthe 

sequenceofoneofSEQEDNOs:1-141andisusedinthemanufactureofamedicamentforthe 
S 

treatmentofpain.TheASOmaybeprovidedinanysuitableformatsuchasforexample, 

lyophilizedinatubeorinsolutioninatubesuchasamicrocentrifugetubeoratesttube.  

PreferredembodimentsoftheusetargetNaVi.7and/orNaVi. 8.Oneormore(e.g.,twothree 

15 fourorfiveormore)ASOsmaybeusedinmanufactureofthemedicament.Theoneormore 

ASOsmayhybridizetoatargetinaNaVi.7oraNaVi.8pre-mRNAormRNA.Incertain 

embodimentsoftheuseasequenceofbasesintheASOisatleast900~S tooneofSEQ 

IDNOs:1- 101. InembodimentsanASOmayhaveagapmerstructurewithacentralDNA 

segmentflankedbyEdNAwingse.g.,acentralregionof10DNAbaseswith5modifiedRNA 

backboneoftheASOhasapluralityofphosphorothioatebondse.g.mostorallofthesugar 

linkagesmaybephosphorothioateintheuseembodiments.Thecorrespondingmedicamentmay 

beformulatedforintrathecaldelivery.AccordinglytheASOmayinitiallybeinaformsuitable 

formixingintoaformulationsuitableforintroductionbyinjectionorapump.Forexamplethe 

25 ASO(thousandsormillionsormoreofcopiesofoneASO)maybelyophilizedinatubeorin 

solutionataknownmolalityorconcentration.TheASOmaybedissolvedordilutedintoa 

pharmaceuticallyacceptablecompositioninwhichacardersuchasasolventand/orexcipient 

includestheASOandmaybeloadedinanIVbagsyringeorpump.Themedicamentmaybe 

madeusingmorethanoneASOe.g.,anycombinationof2,3,4,or5,ormore.Basesin 

30 compositionsoftheinventionmaybemodifiedorwobblebasesmaybeusedinordertoincrease 

thebreadthandeffectivenessofcompositionsoftheinvention.InoneexampleASOsforusein 

5 

20 basesonbothsidesofthecentralregion.EachmodifiedRNAbasemaybe2'-MOE.Preferablya
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theinventionmaycontainmethylatedbases(e.g.,5-methylcytosine,5-methyluracil(thymine) 

anotherr.  

Compositionsoftheinventionmaybeformulatedtoaccommodateserialdosing.For 

exampleformulationsmayprovidedosagestobeadministeredattwoormoreseparatetimes 

5 andoptionallywithtwoormoredifferentASOsS 
inordertotakeadvantageofoptimal 

therapeuticwindowsandtoavoidpotentialcompetitionbetweenASOs.Inaddition 

compositionsoftheinventionwhetheradministeredseriallyornotmayinteractwithmorethan 

onetargetdependingonthecompositionoftheASOsinvolved.ForexampleASOsmay 

comprisetargetedmismatchesthatallowinteractionwithmultipletargets(bothwithinand 

10 acrossmRNAandpre-mRNAspecies),thusallowingtheassociatedtreatmenttoimpactmore 

thanonechannel.  

BriefDescription ofthe Drawings 

FIG.1showsacompositionfortreatingpain.  

15 FIG.2showsanoligonucleotidewithagapmerstructure.  

FIG.3showsa2'-O-Methoxyethyl(MOE)modifiedribosesugar.  

FIG.4showsaphosphorothioatebondinasegmentofDNA.  

FIG.5givesresultsofaqPCRassayforknockdownofNaVl.7by17differentASOs.  

FIG.6showseffectsofNaVl.7-targetingASOscomparedtoacontrol.  

20 FIG.7showsthetargetselectivityofASOsofthedisclosure.  

FIG.9showseffectsofananti-NaVi.7ASO.  

FIG.10showseffectsofananti-NaVi.8ASO.  

FIG.11showsneuralactivitylevelsundertreatmentwithacombinationcomposition.  

25 

Detailed Description 

FIG.1showsacomposition101fortreatingpain.Thecomposition101includesan 

oligonucleotide107thathybridizestoatargetsegment115inanmRNA117orapre-mRNA.  

ThemRNA117encodesasodiumchannel S 

protein.Thesegment115ofthemRNA117that 
30 includesthetargetisatleastabout750ocomplementarytooneofSEQIDNOs:1-141.  

Hybridizationoftheoligonucleotide107tothesegment115ofthemRNA117prevents 

6 

FIG.8comparestheeffectsofribosesugarmodificationonASOs.
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translationofthemRNAintothesodiumchannelprotein.Theoligonucleotide107may 

hybridizetoandknockdownexpressionofoneormoreofNaVl.7,NaVi.8,andNaVi.9pre

mRNAormRNA.Preferablyasequenceofbasesintheoligonucleotidehasatleast o 

identitytooneofSEQIDNOs:1-141,andmorepreferablyatleast900oidentity.  

5 Incertainembodimentsasequenceofbasesintheoligonucleotideisatleast900o 

identicaltooneofSEQIDNOs:1-101whereintheoligonucleotidecanhybridizetoandinduce 

RNaseHcleavageofeitherNaVi.7mRNAorNaVi.8mRNA.  

Theoligonucleotide107hybridizestothesegment115inthemRNA117becausethe 

oligonucleotide107issubstantiallyorentirelyantisensetothetargetsegment115ofthemRNA 

10 117.Inthatsensethecompositionincludesanantisenseoligonucleotide(ASO).Compositions 

101includeASOsthatbindtotargetRNAwithbasepaircomplementarityandexertvarious 

effectsbasedontheASOchemicalstructureanddesign.Variousmechanismscommonly 

employedinpreclinicalmodelsofneurologicaldiseaseandhumanclinicaltrialdevelopment, 

maybeemployed.Thosemechanismsinclude:RNAtargetdegradationviarecruitmentofthe 

15 RNaseHenzymealternativesplicingmodificationtoincludeorexcludeexonsandmiRNA 

inhibitiontoinhibitmiRNAbindingtoitstarget.  

PreferredembodimentsofthedisclosureincludeASOsthathybridizetovoltagegated 

sodiumchannel(NaVchannel)pre-mRNAormRNAandrecruittheRNaseHenzyme.The 

RNaseHenzymecleavestheNaVchannelRNAwhichdownregulatesexpressionoftheNaV 

paintherapy.Thedisclosurebuildsontheinsightsthatclinicalandpreclinicaldatasupportthe 

useofsmallmoleculeNaVblockersforpaintherapy.ForexampleIVlidocaineandlidocaine 

patcheshaveexhibitedpainreliefeffectswhichsuggestthatblockingsynthesisoflidocaines 

targetmayprovidesimilareffects.Infactnumerousagentsusedforneuropathicpainsuchas 

25 tricyclicsandselectiveserotoninreuptakeinhibitorshavemultiplemechanismsofactionbut 

shareabilitytoblockNaVchannels.ThesodiumchannelsNaVi.7,NaVi.8,andNaVi.9have 

beenimplicatedinpain.Thoseproteinsprovideageneticlinktopainphenotypes.Forexample, 

NaVi.7loss-of-functionhasbeenlinkedtocongenitalinsensitivitytopain(replicatedinmouse 

models).AdditionallyNaVi.7andNaVi.8gain-of-functionhavebothbeenlinkedtoexcessive 

30 paindisorders.MoreoverNaVi.9gain-offunctionislinkedtoneuropathywithindifferenceto 

pain.ThegeneticinsightsproviderationalesforselectivelytargetingNaVi.7andNaVi. 8and 

7 

20 channelprotein.Thusoligonucleotide107ofthedisclosureaddressNaVchannelsastargetsfor
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NaVi.9.Compositionsthatincludeanti-NaVASOsmaybeadministeredtoasubjecttotreator 

diminishpain.Itmaybefoundthatanti-NaVASOsofferbenefitsoverotherapproachessuchas 

lidocainebecauseanti-NaVASOsmaybestateindependentandsubtypeselective.  

Thusthedisclosureprovidesauseofanantisenseoligonucleotide(ASO)forthe 

5 manufactureofamedicamentfortreatingpaininapatient.IntheusetheASOhasatleastabout 

750~S withoneofSEQIDNOs:1-141,andmorepreferablyatleast9O~oidentitye.g., 
9500orgreateridentity.PreferredembodimentsuseanASOthatisbetweenabout15and25 

basesinlengthpreferablybetweenabout18and22(inclusive).Ingeneralreferenceto"an 

ASO''S numerouscopiesofsubstantiallyidenticalmolecules.Accordingly,"anASO" 

10 maybemorethanhundredsofthousandsormillionsofcopiesofthedefinedASO.Inpreferred 

embodimentstheASOis20basesinlengthandhasthesequenceofoneofSEQIDNOs:1-141 

andisusedinthemanufactureofamedicamentforthetreatmentofpain.TheASOmaybe 

providedinanysuitableformatsuchasforexamplelyophilizedinatubeorinsolutionina 

tubesuchasamicrocentrifugetubeoratesttube.Preferredembodimentsoftheusetarget 

15 NaV1.7and/orNaVl.8.Oneormore(e.g.,twothreefourorfiveormore)ASOsmaybeused 

inmanufactureofthemedicament.TheoneormoreASOsmayhybridizetoatargetinaNaV1.7 

oraNaV1.8mRNA.IncertainembodimentsoftheuseasequenceofbasesintheASOisat 

least900oidenticaltooneofSEQIDNOs:1-101. InembodimentsoftheuseanASOmayhave 

agapmerstructurewithacentralDNAsegmentflankedbyRINAwingse.g.,acentralregionof 

20 10DNAbaseswith5modifiedRNAbasesonbothsidesofthecentralregion.Eachmodified 

oftheASOhasapluralityofphosphorothioatebondseitherexclusivelyoralsoincluding 

phosphodiesterlinkagese.g.,mostorallofthesugarlinkagesmaybephosphorothioateinthe 

useembodiments.Themedicamentmaybeformulatedforintrathecal(IT)delivery.Accordingly, 

25 theASOmayinitiallybeinaformsuitableformixingintoaformulationsuitablefor 

introductionintoanintrathecalpump.ForexampletheASO(thousandsormillionsormoreof 

copiesofoneASO)maybelyophilizedinatubeorinsolutionataknownmolalityof 

concentration.TheASOmaybedissolvedordilutedintoapharmaceuticallyacceptable 

compositioninwhichacarriersuchasasolventorexcipientincludestheASOandmaybe 

30 loadedinanIVbagsyringeorintrathecalpump.Themedicamentmaybemadeusingmore 

thanoneASOe.g.,anycombinationof2,3,4,or5ormore.  

8 

EdNAbasemaybe2'-MOERNA,2'-O-MeEdNAorothersuitablesugar.Preferablyabackbone
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AnyASO(s)describedintheuseembodimentmaybeincludedinacompositionofthe 

disclosure.Preferredembodimentsofcompositionsofthedisclosureincludeoneorapluralityof 

therapeuticoligonucleotideseachhavingabasesequenceatleast oidenticaltooneofSEQ 

IDNOs:1- 141whereineachofthetherapeuticoligonucleotideshasagapmerstructurethat 

5 comprisesacentralDNAsegmentflankedbymodifiedRNAwingswhereinthepluralityof 

therapeuticoligonucleotidesareprovidedinasolutionorcarrierformulatedforintrathecal 

injection.  

FIG.2showsanoligonucleotide207withagapmerstructure.Theoligonucleotide207 

includestwowings(firstwing215andsecondwing216)flankingacentralregion221ofabout 

10 10DNAbases.Inpreferredembodimentsthewings215,216areallorpredominantlyRINA 

baseswhereasthecentralregion221isallorpredominantlyDNAbases.Preferablythewings 

areallRINAbases(modifiedorunmodified)andthecentralregionisallDNAbases.Insome 

embodimentseachwingconsistsof5RNAbasesallormostofwhicharemodifiedRNAbases 

e.g.,inwhicheachmodifiedRNAbaseisselectedfromthegroupconsistingof2'-O

15 methoxyethylRNAand2'-0-methylRNA.AmodifiedRNAbasemayincludeasubstitutionon 

a2'hydroxylgroupofaribosesugar.  

FIG.3showsa2'-0-Methoxyethyl("2'-MOE")modifiedsugarthatmaybeincludedin 

anRNAbase.  

Theoligonucleotide207preferablyincludesatleastabout15basesandmayinclude 

comprisingapluralityofphosphorothioatebonds.  

FIG.4showsaphosphorothioatebond505withinthebackboneofasegmentofDNA, 

suchasthecentralregion221oftheoligonucleotide207.Theoligonucleotide207mayinclude 

oneoranynumberofthephosphorothioatebonds505.Forexampleeverybackbonelinkage 

25 withintheoligonucleotide207maybephosphorothioateormostorabouthalfmaybe.  

Thecomposition101maybeformulatedfordelivery.Accordinglytheoligonucleotide 

107mayinitiallybeinaformsuitableformixingintoaformulationsuitableforintroductioninto 

asyringebagorinjectionpump.Forexampletheoligonucleotide107(thousandsormillionsor 

moreofcopiesofoneoligonucleotide107)maybelyophilizedinatubeorinsolutionata 

30 knownmolalityofconcentration.Theoligonucleotide107maybedissolvedordilutedintoa 

pharmaceuticallyacceptablecompositioninwhichacardersuchasasolventorexcipient, 

9 

20 betweenabout15about25bases.Insomeembodimentstheoligonucleotide207hasabackbone
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includestheoligonucleotide107andmaybeloadedinanIVbagsyringeorintrathecalpump.  

Asdescribedthecomposition101includesatleastoneoligonucleotide107withasequencethat 

isdefinedbycomparisontooneofSEQIDNO:1-141. Thuscompositionsofthedisclosureare 

definedandillustratedbytheidentifiedtargets.  

5 Specificallytheoligonucleotide107hybridizestoanmRNAencodingasodiumchannel 

proteinalongasegmentofthemRNAthatisatleastabout750ocomplementarytooneofSEQ 

IDNOs:1-141totherebypreventtranslationofthemRNAintothesodiumchannel e 

isaccomplishedwheretheoligonucleotidehasatleastabout750oidentitytooneofSEQIDNos: 

1-141,preferablyatleastabout90~oor950oidentity.Incertainembodimentsthe 

10 oligonucleotidehasthesequenceofoneofSEQIDNos:1- 141, althoughoneofskillintheart 

willunderstandthatoligonucleotideswith90orpreferably950oS toacomplementary 

targetwillstilltendtohybridizeinasequence-specificmannertothetarget.Formingadouble 

strandedstructureisenergeticallyfavorableenoughthroughWatson-Crickbasepairingandbase 

stackingthatthedoublestrandedstructurecantolerateapproximatelyabout1mismatchedbase 

15 paireverytenorso.AccordinglyundermoderatelystringentphysiologicalconditionsinaDRG 

neuron950oidentityshouldbeeffectiveespeciallywhereanoligonucleotidehasagapmer 

structurewithatleastafewmodifiedRINAbasesorphosphorothioatebackbonelinkagesto 

protecttheoligonucleotidefromenzymaticdegradation.  

Infactafeatureandbenefitofcompositionsofthedisclosureisthatthetargets(SEQID 

20 Nos:1-141)havebeenscreenedtoruleoutsequencesforwhichthecomplementispresentin 

againstdatabasesofEdNAtranscriptsincludinglongnon-codingEdNA(lncRINA),andinitial 

sequencesthatmatchednon-targetsequenceswereexcluded.ThusASOswithsequencesof 

SEQIDNos.1- 141whenadministeredtoapatientshouldhaveaminimizedchanceof 

25 hybridizingtonon-targetsequences.Accordinglyinpreferredembodimentstheoligonucleotide 

107hasabasesequencethathasbeenscreenedanddeterminedtonotmeetathresholdmatchfor 

anyoff-targetcodingorlongnon-codingRINAinhumans.Acompositionorusethatmeetsthe 

criteriastatedaboveshouldnotbindtooff-targetmaterialsuchaslncRNAinvivoasthe 

includedsequenceshavebeenscreenedagainstadatabaseoflncRNA.Sequencesofthe 

30 disclosurehavebeenscreenedfortargetspecificity.Preferablytheoligonucleotide107hasa 

10 

moleculesotherthansodiumchanneltranscripts.Forexamplethesequenceshavebeenscreened
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basesequencewith0mis-matchestoahomologoussegmentinahumanornon-humanprimate 

genomeandnomorethanabout5mismatchesinahomologoussegmentinarodentgenome.  

Whenthecompositionisdeliveredtoadorsalrootganglion(DRG)neuroninvitrothe 

DRGexhibitsadose-dependentknockdownofNaVl.7,NaVi.8,orNaVi.9.  

5 FIG.5givesresultsofaqPCRassayforknockdownofNaVi7inratsby17different 

ASOs(at3concentrationseach)designedaccordingtoembodimentsofthedisclosure(20bases, 

10baseDNAcentralregionflankedbyRINAwingswith2'-OmodifiedRNAand 
,, S 

phosphorothioatelinkagesthroughASO).Alongthebottomofthefigurethe"startlocationis 
given, i.e.,positionwithintheratSCN9AmRINA.Therightmost3barsshowtheexpression 

10 levelswhenonlycontrolsareadministered.All17ASOsdecreasedNaVi.7expressionrelative 

tocontrolsforatleastthehighestconcentration.Thestrongestknockdownwasexhibitedforthe 

ASOspecifictoa20basetargetbeginningatposition1294.Thegraphgivesresultsfor17 

ASOs,3concentrationsappliedatDJVSusinggymnoticdeliverywithexpressionlevels 

normalizedtoGAPDH.Thegraphshowsthatacomposition101ofthedisclosureexhibitsdose

15 dependentknockdownofNaVi.7.  
Becausenucleicacidhybridizationhassometolerancefor S 

mis-matchesitmaybefound 

thatanoligonucleotide107withabasesequencethatisatleasta900omatchtooneofSEQED 

NO:1-141withbaseslinkedonlybyphosphorothioatelinkagesandinwhichthe 

oligonucleotide107hasacentralsegmentofDNAbasesflankedbya5'winganda3'wing 

20 (e.g.,a5-10-5structureinwhichthe5'wingandthe3'wingeachcomprisefiveconsecutive2' 

dependentknockdownaccordingtothepatternshowninthechad.Insomeembodimentsthe 

oligonucleotide107specificallyhasabasesequencematchingoneofSEQlIDNO:1-141(more 

preferablyoneofSEQTEDNO:1-101),withbaseslinkedbyphosphorothioatelinkages 

25 (optionallywithsomephosphodiesterlinkagesinthewings),inwhichtheoligonucleotide107 

hasacentral10DNAbasesflankedbya5'winganda3'wingandinwhichthe5'wingandthe 

3, wingeachincludefiveconsecutive2'MOERNAbases.  

FIG.6showsNaVi.7-targetingASOseffectonmRNAexpressionatDJV14inratDRG 

neuronscomparedtoacontrol.Itisnotedthatacomposition101ofthedisclosuremayincludea 

30 pluralityofcopiesofapluralityofdistincttherapeuticgapmersofoneoftheprecedingclaimsin 
S 

acarnerformulatedforintrathecaladministration.Preferablyanyoneormoreofthe 

11 

modifiedRNAbasesflanking10DNAbasesora4-12-4structureorsimilar)exhibitsdose-
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oligonucleotides107exhibitsatleast250obetterNaVknockdownthanacontrolgapmerinan 

assayusingDRGsinvitrowherethecandidateoligonucleotidesandthecontrolsarelinked 

mostlyoronlybyphosphorothioatelinkagesandincludeacentralsegmentofDNAbases 

flankedbya5'wingof2'-MOERNAbasesand3'wingof2'-MOERNAbases.  

5 Becausethesecompositionsareeffectiveatknockingdownexpressionofsodium 

channelsthecompositionsofthedisclosuremaybeusedtotreatpatientpopulationsthat 
e 

experiencesevereintractablepain.Methodsofthedisclosureincludeadministeringtoapatient 

inneedthereofanycompositionofthedisclosuretotherebytreatoralleviatecancerpain(e.g., 

frommetastaticbonecancer)orneuropathicpain(e.g.,smallfiberneuropathyassociatedwith 

10 gain-of-funcitonNaVmutations),orotherpopulations.Methodsofthedisclosuremaybeusedto 

targetanyNaVchannelasaprimarytargetandmayadditionallyincludeoligosforasecondary 

target.ForexampletheprimarytargetmaybeNaVi.7(witholigoshavingsubstantialidentityto 

oneormoreofSEQIDNos:1-53)andsecondarytargetmaybeNaVi.8and/orNaVi.9(with 

oligoshavingsubstantialidentitytooneormoreofSEQIDNos:54-101and/orSEQIDNos: 

15 102-141respectively).  

FIG.7showstheselectivityofratNaV-targetedASOstestedbyqPCRinratDRG.The 

toppanelshowstheeffectonmRNAlevelsofdeliveryanASOspecificforNaVi.7.Themiddle 

panelshowstheeffectofdeliveringanASOspecificforNaVi8~thebottompanelisfor 

NaVi.9.Inallpanelsthefourthtriadofbarsgivestheresultsfordeliveringa450nMcocktail 

20 ASO(150nMNaV1.7ASO+150nMNaV1.8ASO+150nMNaV1.9ASO).Ineachpanelthe 

expressionofNaVl.8orNaV1.9,etc.,showingtargetselectivity).Thecocktailof3 

oligonucleotides107isshowntoknockdownallthethreetargets.  

FIG.8comparestheeffectsofribosesugarmodificationwithinoligonucleotides107of 

25 thedisclosure.Anoligonucleotide107witha20basesequencematchingthe20basesbeginning 

atposition1294ofthehumanSCN9Agene(SEQIDNO:6)wastestedinaformwith2'-O

methyl-(OMe)andinaformwith2'-O-Methoxyethyl-(MOE)ribosesugarmodifications.  

SimilartestswereperformedagainstthecontrololigoSEQIDNO:165. Itwasfoundthatthe 

oligonucleotideofthedisclosureoutperformedthecontrolandalsothatasshowntheMOE 

30 modificationoutperforms(showsagreaterinhibitionoftargetrelativeexpression)theOMe 

modification.Thusitmaybepreferableforanoligonucleotideofthedisclosuretoincludeoneor 

12 

non-targetNaVchannelwasnotknockeddownbytheASO(Navi.7ASOdidnotknockdown
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more2'-O-methoxyethyl(MOE)modificationsonRNAribosesugars.ForexampletheASOs 

mayhave5'and3' wingsofaboutfiveRNAbaseseachandinthosewingsmostorallribose 

sugarsmaybe2'MOE.  

Nay1. 7andNay1. 8ASOcombinationeffectsweretestedinratDRGneuronsinvitro.  

5 Theinvitroneuronsincludedoptogeneticconstructsthatprovidedneuralactivationunder 

opticalstimulus(e.g.,amodifiedalgalchannelrhodopsinthatcausestheneurontofirein 

responsetolight)andopticalreportersofneuralactivity(modifiedarchaerhodopsinsthatemit 

lightinproportiontoneuronalmembranevoltageandyieldsignalsofneuronalactivity).Thein 

vitroneuronswereassayedinafluorescencemicroscopyinstrumentandweretreatedwitha 

10 painmediatorcomposition(e.g.,asimulated"cancerpainsoup")thatservesasanirritant 

causingDRGneuronstofireinamannersimilartotheexperienceofpaininvivo.Anysuitable 

optogeneticconstructsoptogeneticmicroscopeorpainmediatorcompositionsmaybeused.For 

examplesuitableoptogeneticconstructsincludethosedescribedinU.S.Pat.9,594,075 

incorporatedbyreference.SuitableoptogeneticmicroscopesincludethosedescribedinU.S.Pat.  

15 10,288,863,incorporatedbyreference.Suitablepainmediatorcompositionsincludethose 

describedinWO2018/165577,incorporatedbyreference.  

TheinvitroDRGassaysinvolvemeasuringlightfromanoptogeneticneuralsample 

aloneunderincreasingopticalstimulation.Thisgivesabaselinereadingofneuralexcitability.  

Thentheneuralsampleisstimulatedwithanirritanthereapainmediatorcomposition 

foundinvivoatthesiteofapainfultumor.Lightismeasuredfromtheneuralsampleunder 

treatmentwiththatirritant.Finallytheneuralsampleistreatedwithacompositionofthe 

disclosure.Itishypothesizedthatwheretheirritantmovesmeasuredexcitabilityawayfromthe 

measuredbaselinetheoligonucleotides107willtendtorestoremeasuredexcitabilitytowards 

25 thebaseline.ItisfurtherexpectedthatNaVi.7andNaVi. 8exhibittheireffectsunderdifferent 
S 

(albeitoverlapping)conditionsofneuralactivity.Theresultsshowthatanti-NaVi.7andanti

NaVi. 8ASOsincombinationmitigateneuralresponsetopainfulirritantsagreateramountand 

overagreaterrangeofinputstimuluslevelsrelativetoindividualNaV1.7orNaV1.8ASOs.  

FIG.9showsameasuredlevelofneuralactivityinresponsetoanincreasingrampof 

30 bluelightstimulationatabaselineundertreatmentwiththeirritantandundertreatmentwith 

13 

20 comprisingamixtureofcytokinesproteasespHnecrosisfactorsorotherfactorsthatmaybe
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theirritantandananti-NaVi.7ASO.AsexpectedtheNaVi.7ASOdecreasestheneural 

excitabilityexhibitedinresponsetotheirritant.  

FIG.10showsameasuredlevelofneuralactivityinresponsetoanincreasingrampof 

bluelightstimulationatabaselineundertreatmentwiththeirritantandundertreatmentwith 

5 theirritantandananti-NaVi.8ASO.AsexpectedtheNaVi. 8ASOdecreasestheneural 

excitabilityexhibitedinresponsetotheirritantalbeitinadifferentregionoftheinputstimulus 

power.  

FIG.11showsameasuredlevelofneuralactivityinresponsetoanincreasingrampof 

bluelightstimulationatabaselineundertreatmentwiththeirritantandundertreatmentwith 

10 theirritantandacompositioncomprisingananti-NaVi.7ASOandananti-NaVi.8ASO.The 

netpainreducingeffectofthecombinationofoligosisbetterthaneitheroligoalone.Thelevel 

ofactivitytheDRGneuronsissignificantlyloweracrossthefullrangeofinputstimulation.It 

maybefoundthatalivingsubjectexperiencingavarietyofpainfulconditionswouldbenefitby 

agreaterrangeandpotencyofanalgesiceffectsbybeingadministeredacompositioncomprising 

15 differentoligosthattargetdifferentNaVchannels.  

Methodsandcompositionsofthedisclosuremaybeneficiallybeusedfordeliveryof 

therapeuticoligonucleotides107describedhereintodorsalrootganglion(DRG)neuronsinvivo 

inapatientsufferingpain.Anysuitabledeliveryapproachmaybeusedincludingforexample, 

systemicdelivery(e.g.,byinjection)orlocaldelivery(e.g.,bysubcutaneousinjectionsor 

disclosureisdeliveredbyintrathecalinjection.Methodsofthedisclosuremayinvolvedelivering 

acompositionofthedisclosurebyintrathecalinjectionabouteveryfewmonthse.g.,about3or 

4timesperyear.  

Intrathecalinjectionreferstoarouteofadministrationfordrugsviaaninjectionintothe 

25 spinalcanalorintothesubarachnoidspacesothatitreachesthecerebrospinalfluid(CSF)andis 

usefulinspinalanesthesiachemotherapyorpainmanagementapplications.Intrathecaldelivery 

avoidsthecompositionfrombeingstoppedbythebloodbrainbarrier.Preferablythe 

composition101iscompoundedinsuchaformulationsoasnottocontainanypreservativeor 

otherpotentiallyharmfulinactiveingredientsthataresometimesfoundinstandardinjectable 

30 drugpreparations.Thecomposition101maybeprovidedinanintrathecalpumporitmaybe 

providedinaformulationsuitableforreconstitutionintheclinicfordeliveryviaanintrathecal 

14 

20 implantationofaslow-releasedevice).Insomeembodimentsacomposition101ofthe
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pump.Forexamplethecomposition101maybeinsolution(e.g.,insaline)atadefined 

concentration.Atechniciancanmixtheconcentrationwithasuitablediluentattheclinicfor 

delivery.InotherembodimentstheASOsarelyophilizedorotherwisepreservedinadrysolid 

formtoberesuspendedand appropnatelydilutedintheclinic.Intrathecaldeliveryreduces 

5 concernsaboutPKmetabolismperipheralon/offtargeteffects.Intrathecaladministration 

approacheshavebeenvalidatedforclinicalusewithotherdrugssuchasZiconotideandASOs 

suchasnusinersen.Suchmethodsmaybeusedtodelivercompositions101ofthedisclosure 

directlytothenervoussystem.  

AnoligonucleotideofthedisclosuresuchasagapmerASOortherapeutic 

10 oligonucleotide107inacomposition101mayhaveasequencedefinedwithreferencetooneof 

thesequencessetforthinTable1.Forexampleanoligonucleotideofthedisclosuremayhavea 

sequencethatisatleastabout750~, 800o900~, 950oorperfectlyidenticaltooneofSEQIDNO.  

1-141assetforthinTable1. ThetoppreferredembodimentsagainstSCN9Aincludethosein 

Table1labeledasfollows:"4/6"(SEQIDNO:6);"4/10"(SEQEDNO:10);and"4/11" (SEQID 

15 NO:11). Thosethreecandidatesshowrobustandsignificantknockdownactivity(>750o)ofNaV 

1.7inadose-dependentmanner.ThetoppreferredembodimentsagainstSCN1OAincludethose 

inTable1labeledas:'5/8"(SEQIDNO:61);"5/18"(SEQEDNO:71);"5/20"(SEQIDNO: 

73).Thosethreecandidatesshowrobustandsignificantknockdownactivity(>650o)ofNaV1.8 

inadose-dependentmanner.ThetoppreferredembodimentsagainstSCN1lAincludethosein 

20 Table1labeled:"6/1"(SEQIDNO:102);"6/3"(SEQIDNO:104);and"6/6"(SEQlIDNO: 

inadose-dependentmanner.  

Table1:Sequencesfortherapeuticoligonucleotide 

RefNo. Sequence SEQIDNO Target((i)for 

(Target intronic) 

code!No.) 

4/1 GCCAGTTCCACGGGTCACGA (SEQIDNO:1) SCN9A 

4/2 ATCCAGCCAGTTCCACGGGT (SEQIDNO:2) SCN9A 

4/3 CAGGTGTACCCCTCTGGACA (SEQIDNO:3) SCN9A 

4/4 AGCACGCAGCGTCTGTTGGT (SEQIDNO:4) SCN9A 

15 

107).Thosethreecandidatesshowrobustandsignificantknockdownactivity(>700o)ofNaV1.9
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4/5 TGCCAGCAGCACGCAGCGTC (SEQIDNO:5) SCN9A 

4/6 TTGCCAGCAGCACGCAGCGT (SEQIDNO:6) SCN9A 

4/7 TTTGCCAGCAGCACGCAGCG (SEQIDNO:7) SCN9A 

4/8 GTTTTGCCAGCAGCACGCAG (SEQIDNO:8) SCN9A 

4/9 GTTTGCCTGGTTCTGTTCTT (SEQIDNO:9) SCN9A 

4/10 TGTGCTCGCCTATGCCCTTC (SEQIDNO:10) SCN9A 

4/11 GTTCTGCTGCTTCGCCTTGC (SEQIDNO:11) SCN9A 

4/12 CCCCTTCTGCTCTCATTGTC (SEQIDNO:12) SCN9A 

4/13 GCCCCTTCTGCTCTCATTGT (SEQIDNO:13) SCN9A 

4/14 GAGCCCCTTCTGCTCTCATT (SEQIDNO:14) SCN9A 

4/15 GTGAGCCCCTTCTGCTCTCA (SEQIDNO:15) SCN9A 

4/16 AGTGAGCCCCTTCTGCTCTC (SEQIDNO:16) SCN9A 

4/17 ACTGCTGCGTCGCTCCTGGG (SEQIDNO:17) SCN9A 

4/18 GCATTTTCCCGTTCACCGGC (SEQIDNO:18) SCN9A 

4/19 TGCAGTCCACAGCACTGTGC (SEQIDNO:19) SCN9A 

4/20 GCATGAGGGCTGAGCGTCCA (SEQIDNO:20) SCN9A 

4/21 CTCTCAGGGCTGCTTCTTTT (SEQIDNO:21) SCN9A 

4/22 CTGTTTGCCAGCTTCCAAGT (SEQIDNO:22) SCN9A 

4/23 TTGGTCCAGTCCGGTGGGTT (SEQIDNO:23) SCN9A 

4/31 GTTGCAGTCCACAGCACTGT (SEQIDNO:25) SCN9A 

4/33 AGGTTACCTAGAGCCCCTAC (SEQIDNO:26) SCN9A 

4/34 GGTTGTTTGCATCAGGGTCT (SEQIDNO:27) SCN9A 

4/35 AGGTTCAGCCTCTGCTTCTT (SEQIDNO:28) SCN9A 

4/36 CTTGGACCCCAGCTTTTTCA (SEQIDNO:29) SCN9A 

4/37 GGGTTACCACAGTCTCCTTC (SEQIDNO:30) SCN9A 

4/38 GAATCCATCTCCCCACTCTC (SEQIDNO:31) SCN9A 

4/39 GCTGCCCACCTTTCTTAGGA (SEQIDNO:32) SCN9A 

4/40 GCCAATTCCCTGGCCATCCT (SEQIDNO:33) SCN9A 

4/41 CCTTGGGATCTCTGCCAGGT (SEQU)NO:34) SCN9A(i) 

16 

4/27 TTGCCTCAGCTTCTTCTTGC (SEQIDNO:24) SCN9A
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4/42 GTCCCTGGAGTCTTGTCTGA (SEQIDNO:35) SCN9A(i) 

4/43 CTCCCATATCTCCAGTCTGC (SEQU)NO:36) SCN9A(i) 

4/44 GCTCTTGCTCTGGTTCAGCT (SEQIDNO:37) SCN9A(i) 

4/45 GGTTCTTCCAGCTTCTCTGC (SEQIDNO:38) SCN9A(i) 

4/46 CATGTCCCTGTCCATCCCTA (SEQIDNO:39) SCN9A(i) 

4/47 GTGTGGCAGCAGTGACCAGT (SEQIDNO:40) SCN9A(i) 

4/48 CCCTTGTGCTGGGTCTATGT (SEQIDNO:41) SCN9A(i) 

4/49 GCTCTACCCTAGCTGTCAGG (SEQIDNO:42) SCN9A(i) 

4/50 GCTCCTCCTCAGAGTTTTGC (SEQIDNO:43) SCN9A(i) 

4/51 GAGCCTCTTCTCTTCAGGCC (SEQIDNO:44) SCN9A(i) 

4/52 TGGCTCATCCAGGCTCATCA (SEQIDNO:45) SCN9A(i) 

4/53 GCATTATTCCCACCAGGTCC (SEQIDNO:46) SCN9A(i) 

4/54 TCTCTTCAGTCTCCTCCACA (SEQIDNO:47) SCN9A(i) 

4/55 CCAGCAGTTGGCAGAGGTTC (SEQIDNO:48) SCN9A(i) 

4/56 GCTTGTGCATCCCAGTGCCT (SEQIDNO:49) SCN9A(i) 

4/57 CCTCCATCTGATTCCTCCTC (SEQIDNO:50) SCN9A(i) 

4/58 GCCTTCTCACCAGTGCTGCT (SEQIDNO:51) SCN9A(i) 

4/59 TCTAGCCTTCTCACCAGTGC (SEQIDNO:52) SCN9A(i) 

4/60 GGTGGCAGGTCAAGCAGGGT (SEQIDNO:53) SCN9A(i) 

5/2 GCTCCCCGATCAGTTCTGCT (SEQIDNO:55) SCN1OA 

5/3 TGTCCGGTGTGTGCTGTAGA (SEQIDNO:56) SCN1OA 

5/4 TGGTCCTCCCTTTGTTCAGC (SEQIDNO:57) SCN1OA 

5/5 GTTGCAGCCCCACCAAGGCA (SEQIDNO:58) SCN1OA 

5/6 GGGTCTGCTGGTAGAGGCGT (SEQIDNO:59) SCN1OA 

5/7 GCACCTCCTGCTCCTTCCGG (SEQIDNO:60) SCN1OA 

5/8 GTTGTCTTCTGTGGAGCCCT (SEQIDNO:61) SCN1OA 

5/9 GCTGGTCAAGCAGGGTGGGC (SEQIDNO:62) SCN1OA 

5/10 GGCCACGCCCAGCTCTAGCA (SEQIDNO:63) SCN1OA 

5/11 GGTGAGGTTCCCCAGTGCCC (SEQIDNO:64) SCN10A 

17 

5/1 TCTTGGTCCTTCTGCTCCCT (SEQIDNO:54) SCN1OA
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5/12 GTCGTGCATGTGCCAGCGGG (SEQIDNO:65) SCN1OA 

5/13 TCCGTGCCAGGGCCACCTGC (SEQIDNO:66) SCN1OA 

5/14 GGGAGCTTGGAGCCCTCCAG (SEQIDNO:67) SCN1OA 

5/15 GTTCCAGTGCCTGGGCTCCT (SEQIDNO:68) SCN1OA 

5/16 CCAGCTCAGGGATCTTCCTC (SEQIDNO:69) SCN1OA 

5/17 GTCTTGCGCACCTGCCAGCC (SEQIDNO:70) SCN1OA 

5/18 CGTGGGCTTCTGGTCCAGGT (SEQIDNO:71) SCN1OA 

5/19 GCCCGCAGTGGCCGCAGAGC (SEQIDNO:72) SCN1OA 

5/20 GGGCATCCACCACCACCCGC (SEQIDNO:73) SCN1OA 

5/21 GGCGCCCACCAGGGCATCCA (SEQIDNO:74) SCN1OA 

5/22 TGTCCTCCCACTTGGGTTGC (SEQIDNO:75) SCN1OA 

5/23 TCCCCTCTGGTGCCATTGCT (SEQIDNO:76) SCN1OA 

5/24 GGGCTCCCACAGTCCCCTCT (SEQIDNO:77) SCN1OA 

5/25 GCAGCCTCCTCCTCAGCTCT (SEQIDNO:78) SCN1OA 

5/26 GCCATATCCTCACCCTCTCA (SEQIDNO:79) SCN1OA(i) 

5/27 GGGACTGCTTTCTCCCTTCC (SEQIDNO:80) SCN1OA(i) 

5/28 TGCCTTGTCTCTGGCCTCCC (SEQIDNO:81) SCN1OA(i) 

5/29 GCTTGTTTCCAGTCCTCAGC (SEQIDNO:82) SCN1OA(i) 

5/30 GACCTTCCTCCCACAGTGCC (SEQIDNO:83) SCN1OA(i) 

5/32 ACAGCAGTGTCTCCTTGGCC (SEQIDNO:85) SCN1OA(i) 

5/33 CCCAGTGTCCACATGTCTCC (SEQIDNO:86) SCN1OA(i) 

5/34 TCTGTTGCTCCCACCAGCTT (SEQIDNO:87) SCN1OA(i) 

5/35 GCCTCTTCTGTGGAGGTGGG (SEQIDNO:88) SCN1OA(i) 

5/36 CCACTCACCACCAGGTTCCC (SEQIDNO:89) SCN1OA(i) 

5/37 GGTCTCCTCTGCATTTCCCT (SEQIDNO:90) SCN1OA(i) 

5/38 GCCCTGCATGTTCCTGAGGC (SEQIDNO:91) SCN1OA(i) 

5/39 GCTGGCTGTCCAACCTCTCC (SEQIDNO:92) SCN1OA(i) 

5/40 CCAGCCTCTACCAGCCCACT (SEQIDNO:93) SCN1OA(i) 

5/41 GCCCTCCCTCTTATCTTACC (SEQIDNO:94) SCN1OA(i) 

18 

5/31 GAGCCACCCTCCCACACAGC (SEQIDNO:84) SCN1OA(i)
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5/42 GCCACCCTAGTTTTCCTCCC (SEQIDNO:95) SCN1OA(i) 

5/43 GGTGCCAGCCTGTTCAGTCC (SEQIDNO:96) SCN1OA(i) 

5/44 GTCCACCCAAGCCCACCTCC (SEQIDNO:97) SCN1OA(i) 

5/45 GGAACTCCCTGCCCAGCCTC (SEQIDNO:98) SCN1OA(i) 

5/46 GTCTGGGTCCTGGTGGCTGT (SEQIDNO:99) SCN1OA(i) 

5/47 GCCCTGCCAGTCACACTGCC (SEQIDNO:100) SCN1OA(i) 

5/48 GGCTGATCCTTGCCTTCTGC (SEQIDNO:101) SCN1OA(i) 

6/1 TTGCTCTAGGAGCTGTGGCT (SEQIDNO:102) SCN11A 

6/2 AGCACTCAGTGCTCTCTGCC (SEQIDNO:103) SCN11A 

6/3 GATGGTGATGGCCAGCTCAG (SEQIDNO:104) SCN1lA 

6/4 GGCCTCCATCTTGTGATGCT (SEQIDNO:105) SCN11A 

6/5 AGGGCTCCGACAGAGTTGCC (SEQIDNO:106) SCN1lA 

6/6 GTCAGGCTTCCAAGGGCTCC (SEQIDNO:107) SCN11A 

6/7 AGTCAGGCTTCCAAGGGCTC (SEQIDNO:108) SCN11A 

6/8 GGACCACAGTCAGGCTTCCA (SEQIDNO:109) SCN1lA 

6/9 GTCGGGCCTGTCGGGTTACA (SEQIDNO:110) SCN11A 

6/10 TGTCGGGCCTGTCGGGTTAC (SEQIDNO:111) SCN11A 

6/11 CTGTCGGGCCTGTCGGGTTA (SEQDNO:112) SCN11A 

6/12 ACTGTCGGGCCTGTCGGGTT (SEQIDNO:113) SCN11A 

6/14 AGACTGTCGGGCCTGTCGGG (SEQIDNO:115) SCN1lA 

6/15 CCCCATGTGCCAGTGCCGTA (SEQIDNO:116) SCN11A 

6/16 CCTGGGTCTCTGAGCCCCTT (SEQIDNO:117) SCN11A 

6/17 TCCTGGGTCTCTGAGCCCCT (SEQIDNO:118) SCN11A 

6/18 AAGCTCCTCCTGGGTCTCTG (SEQIDNO:119) SCN11A 

6/19 GTGGGCTTCTTGTTCTCCTG (SEQIDNO:120) SCN11A 

6/20 GTAGCAGGTTTTCCGCAGGT (SEQIDNO:121) SCN11A 

6/21 GGTACTAGCTCCTCCTGCCT (SEQIDNO:122) SCN11A(i) 

6/22 CATCCACCTCCAGACCTCCC (SEQIDNO:123) SCN11A(i) 

6/23 GCCCAAGTCCCTCAAGCCTT (SEQIDNO:124) SCN11A(i) 

19 

6/13 GACTGTCGGGCCTGTCGGGT (SEQIDNO:114) SCN11A
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6/24 GGTTCCAGGTTCCACCCAGC (SEQIDNO:125) SCN11A(i) 

6/25 CTGTCTCCTCCATAGGTCCT (SEQIDNO:126) SCN11A(i) 

6/26 TTCCTCCCTGCCTTATGGGT (SEQIDNO:127) SCN11A(i) 

6/27 GCTCCTCCTTGCTTCAGGCT (SEQIDNO:128) SCN11A(i) 

6/28 GCATCCAGGCATCTCAGTGC (SEQIDNO:129) SCN11A(i) 

6/29 GCCCTATGCCTGCCTCAGTG (SEQIDNO:130) SCN11A(i) 

6/30 CCACACCTGTCTGCCTGTGT (SEQIDNO:131) SCN11A(i) 

6/31 GTGTCCTCTGCCTCTCTACT (SEQIDNO:132) SCN11A(i) 

6/32 CCTGCCTTCTCAGAGTGCCA (SEQIDNO:133) SCN11A(i) 

6/33 GCCCTCTTTCTCACCAGACC (SEQIDNO:134) SCN11A(i) 

6/34 CCCATGTCCCTACCTCCTTT (SEQDNO:135) SCN11A(i) 

6/35 GTCCCATCCCAAGTCTAGCC (SEQIDNO:136) SCN11A(i) 

6/36 TCTTTAGGTCCTGTTGCCCT (SEQIDNO:137) SCN11A(i) 

6/37 CCCACTCCTCCCTTCTTTGA (SEQIDNO:138) SCN11A(i) 

6/38 GGGCTCTCTTCACTCTGCCT (SEQIDNO:139) SCN11A(i) 

6/39 GGGTCCTCTCTGTTGCCACT (SEQDNO:140) SCN11A(i) 

6/40 CTCCCTAGCCCTGCCTCTTC (SEQIDNO:141) SCN11A(i) 

4/61 AAAATCCAGCCAGTTCCAC (SEQ IDNO: 142) SCN9A/SCN1OA 

4/62 CAAAATCCAGCCAGTTCCA ____________________ SCN9A/SCN1OA 
4/63 TGCAATGTACATGTTCACC ____________________ SCN9A/SCN1OA 
_________ (SEQIDNO: 144) ____________ 

4/64 CTGCAATGTACATGTTCAC ____________________ SCN9A/SCN1OA 
_________ (SEQIDNO: 145) ____________ 

4/65 ACTGCAATGTACATGTTCA ____________________ SCN9A/SCN1OA 
(SEQIDNO: 146) ____________ 

4/66 TOACTGCAATGTACATGTT ____________________ SCN9AJSCN1OA 
_________ (SEQIDNO: 147) ____________ 

4/67 ATGACTGCAATGTACATGT SEQ IDNO: 148 SCN9A/SCN1OA 

4/68 GTCATTTTTGCCATGTTAT (SEQ IDNO: 149) SCN9A/SCN1OA 
4/69 TCAAATAACCCAGAAGCCT ____________________ SCN9A/SCN1OA 

(SEQIDNO: 150) _____________ 

4/70 TTCAAATAACCCAGAAGCC (SEQ IDNO: 151) SCN9A/SCN1OA 

4/71 TTTCAAATAACCCAGAAGC (SEQ IDNO: 152) SCN9A/SCN1OA 

20 

_________ (SEQIDNO: 143) ____________
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5/49 AAAATCCAGCCAGTTCCAA (SEQ IDNO: 153) SCN9A/SCN1OA 
5/50 AGGCCTGGGATCACAGAAA ______________________ SCN9A/SCN1OA 
_________ (SEQIDNO: 154) ____________ 

5/51 CAGGCCTGGGATCACAGAA SEQIDNO: 155 SCN9A!SCN1OA 

5/52 TCAGGCCTGGGATCACAGA (SEQ IDNO: 156) SCN9A/SCN1OA 
5/53 TTCAGGCCTGGGATCACAG ______________________SCN9A/SCN1OA 

(SEQIDNO: 157) _____________ 

5/54 CTTCAGGCCTGGGATCACA (SEQ IDNO: 158) SCN9A/SCN1OA 
5/55 TGCTCTGTGAATAAATGCT _____________________ SCN9A/SCN1OA 
_________ (SEQIDNO: 159) _____________ 

5/56 TAATTTGGCATCTGTCTTT SEQ IDNO: 160 SCN9A/SCN1OA 

5/57 TCAGATAACCCAGAAGCCT (SEQ IDNO: 161) SCN9A/SCN1OA 
5/58 TTCAGATAACCCAGAAGCC ______________________ SCN9A/SCN1OA 

(SEQIDNO: 162) ____________ 

5/59 TTTCAGATAACCCAGAAGC (SEQ IDNO: 163) SCN9A/SCN1OA 
5/60 GOATOATGAATAGATGGAA ____________________ SCN9A/SCN1OA 
_________ (SEQIDNO: 164) ____________ 

C/i GCCAUAATCCGGGTTUCUGC (SEQIDNO:165) ctrl 

Asdiscussedaboveameasuredlevelofneuralactivityatabaselineundertreatment 
anti

withanirritantandundertreatmentwiththeirritantandacompositioncomprisingan S 

NaVi.7ASOandananti-NaVi.8ASOshowthatthecombinationofoligosperformsbetterthan 

NaV1.7)includethosewithoneofSEQIDNO:6SEQIDNO:10orSEQEDNO:11.Thetop 

preferredembodimentsagainstSCN1OA(akaNaVi.9)includethosewithoneofSEQIDNO: 

61*SEQIDNO:71orSEQIDNO:73.Accordinglyamostpreferredcombination 

embodimentofthedisclosureincludesacompositionfortreatingpain.Thecomposition 

10 includes:afirstoligonucleotidethathybridizestoanmRNAencodingasodiumchannelprotein 
9 

alongasegmentofthemRNAthatisatleastabout900ocomplementarytooneofSEQIDNO.  
&SEQIDNO:10andSEQIDNO:11~andasecondoligonucleotidethathybridizestoan 

mRNAencodingasodiumchannelproteinalongasegmentofthemRNAthatisatleastabout 

900 ocomplementarytooneofSEQlDNO:6kSEQIDNO:7kandSEQIDNO:73.Inthe 

21 

S eitheroligoalone.AsdisclosedhereinthetoppreferredembodimentsagainstSCN9A(aka
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preferredcombinationembodimentseachofthetherapeuticoligonucleotidesmayhavea 

gapmerstructurethatincludesacentralDNAsegmentflankedbymodifiedRNAwings.  

EitherorbothofthewingsmayincludemodifiedRNAbasese.g.,bothwingsmay 

include5consecutiveRNAbaseswith2'-O-methoxyethylribosemodifications.Theentiretyof 

5 eacholigonucleotidemaybeconnectedviaphosphodiesterorphosphorothioatelinkagesor 

othersaswillbeapparenttotheskilledartisan.Preferablythepluralityoftherapeutic 

oligonucleotidesisprovidedlyophilizedorinsolutionfordilutionorreconstitutioninaclinic 

forintrathecalinjection.ThatS 
ispackagedinoneormoretubeslyophilizedorinsolutionareat 

leastthousandtomillionsofcopiesofthefirstoligonucleotideandatleastthousandtomillions 

10 ofcopiesofthesecondoligonucleotide.ExhibitingtheeffectsasdemonstratedbyHG., 11, this 

preferredcombinationembodimentofthecompositionmayprovetohaveunexpectedbenefitsas 

anon-opioidtherapeuticforthetreatmentofpain.  

Otherfeaturesandembodimentsarewithinthescopeofthedisclosure.Embodimentsof 

thedisclosureincludeoligonucleotidesincludinglockednucleicacid(LNA)antisense 

15 oligonucleotidestargetingSCN9AorSCN1OAwhicharecapableofinhibitingtheexpressionof 

NaVi.7orNaV1.8inacellwhichisexpressingNaVi.7and/orNaVi.8.Theoligonucleotideof 

theinventionmaybeusedinthepreventionortreatmentofpain.Theinventionfurtherprovides 

advantageoustargetsitesequencesonthehumanNaVi.7pre-mRNAwhichmaybetargetedby 

oligonucleotideinhibitorsofhumanNaVi.7suchasantisenseoligonucleotidesorRNAiagents, 

20 suchassiRNAsorshRNAs.  

comprisesacontiguousnucleotidesequenceof10to30nucleotidesinlengthwithatleast o 

complementaritysuchas1000ocomplementaritytoahumanNaVi.7targetnucleicacidanda 

humanNaVi. 8targetnucleicacidandwhichiscapableofinhibitingtheexpressionofboth 

25 NaV1.7orNaVl.8inacell.Anoligonucleotide107maybe100%S tooneofSEQID 

NO1-141,orisatleast900oS 

Embodimentsincludeapharmaceuticallyacceptablesaltoftheantisenseoligonucleotide 

accordingtotheinventionortheconjugateaccordingtotheinvention.  

Theinventionprovidesapharmaceuticalcompositioncomprisingtheantisense 

30 oligonucleotideoftheinventionortheconjugateoftheinventionandapharmaceutically 

acceptablediluentsolventcarriersaltand/oradjuvant.  

22 

Theinventionprovidesforanoligonucleotideof10to30nucleotidesinlengthwhich
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Theinventionprovidesfortheantisenseoligonucleotideoftheinventionortheconjugate 

oftheinventionorthepharmaceuticalsaltorcompositionoftheinventionforuseinmedicine.  

Theinventionprovidesfortheantisenseoligonucleotideoftheinventionortheconjugate 

oftheinventionorthepharmaceuticalsaltorcompositionoftheinventionforuseinthe 

5 treatmentorpreventionoralleviationofpain.Theinventionprovidesfortheuseoftheantisense 

oligonucleotideoftheinventionortheconjugateoftheinventionorthepharmaceuticalsaltor 

compositionoftheinventionforthepreparationofamedicamentforthetreatmentprevention 

oralleviationofpain.  

Insomeembodimentsthepainischronicpainneuropathicpaininflammatorypain, 

10 spontaneouspainornociceptivepain.  

Oligonucleotidesarecommonlymadeinthelaboratorybysolid-phasechemicalsynthesis 
followedbypurificationandisolation.When e 

refernngtoasequenceoftheoligonucleotide, 

referenceismadetothesequenceororderofnucleobasemoietiesormodificationsthereofof 

thecovalentlylinkednucleotidesornucleosides.Theoligonucleotideoftheinventionmaybe 

15 man-madei.e.,chemicallysynthesizedandistypicallypurifiedorisolated.Theoligonucleotide 

oftheinventionmaycompriseoneormoremodifiednucleosidesornucleotidessuchas2'sugar 

modifiednucleosides.  

Themodifiednucleotidesmaybeindependentlyselectedfromthegroupconsistingofa 

deoxy-nucleotidea3'-terminaldeoxy-thymine(dT)nucleotidea2'-O-methylmodified 

anunlockednucleotideaconformationallyrestrictednucleotideaconstrainedethylnucleotide, 

anabasicnucleotidea2'-amino-modifiednucleotidea2'-0-allyl-modifiednucleotide,2'-C

alkyl-modifiednucleotide,2'-hydroxl-modifiednucleotidea2'-methoxyethylmodified 

nucleotidea2'-O-alkyl-modifiednucleotideamorpholinonucleotideaphosphoramidatea 

25 non-naturalbasecomprisingnucleotidea1,5-anhydrohexitolmodifiednucleotidea 

cyclohexenylmodifiednucleotideanucleotidecomprisingaphosphorothioategroupa 

nucleotidecomprisingamethylphosphonategroupanucleotidecomprisinga5-phosphatea 

nucleotidecomprisinga5'-phosphatemimicaglycolmodifiednucleotideanda2'-O-(N

methylacetamide)modifiednucleotideandcombinationsthereof 

30 ThenitrogenousbasesoftheASOmaybenaturallyoccurringnucleobasessuchas 

adenineguaninecytosinethymidineuracilxanthineandhypoxanthineaswellasnon

23 

20 nucleotidea2'-fluoromodifiednucleotidea2'-deoxy-modifiednucleotidealockednucleotide,
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S naturallyoccuffingvariantssuchassubstitutedpurineorsubstitutedpynmidinesuchas 

nucieobasesselectedfromisocytosinepseudoisocytosine,5-methylcytosine,5-thiozolo

cytosine,5-propynyl-cytosine,5-propynyl-uracil, 5-bromouracil5-thiazolo-uracil2-thio-uracil, 

2'thi0-thymineinosinediaminopurine,6-aminopurine,2-aminopurine,2,6-diaminopurineand 

5 2-chloro-6-aminopurine.  

Thenucleobasemoietiesmaybeindicatedbythelettercodeforeachcorresponding 

nucleobasee.g.ATGCorUwhereineachlettermayoptionallyincludemodified 

nucleobasesofequivalentfunction.Forexampleintheexemplifiedoligonucleotidesthe 

nucleobasemoietiesareselectedfromATGCand5-methylcytosine.OptionallyforLNA 

10 gapmers,5-methylcytosineLNAnucleosidesmaybeused.  

Anoligonucleotide107ofthedisclosureiscapableofdown-regulating(inhibiting)the 

expressionofasodiumchannel(NaVi.7,1.8,or1.9).Insomeembodimentstheantisense 

oligonucleotideoftheinventioniscapableofmodulatingtheexpressionofthetargetby 

inhibitingordown-regulatingit.Preferablysuchmodulationproducesaninhibitionof 

15 expressionofatleast200ocomparedtothenormalexpressionlevelofthetargetmorepreferably 

atleast30%,atleast40%,atleast50%,atleast 6 0 0 oatleast700oatleast80%,oratleast900o 

inhibitioncomparedtothenormalexpressionlevelofthetarget.  

Anantisenseoligonucleotide(ASO)ofthedisclosuremaydecreasethelevelofthetarget 

nucleicacid(e.g.viaRNaseHcleavage),ormaydecreasethefunctionality(oralterthe 

20 functionality)ofthetargetnucleicacide.g.viamodulationofsplicingofapre-mRNA.  

haveamodifiedsugarmoietyi.e.amodificationofthesugarmoietywhencomparedtothe 

ribosesugarmoietyfoundinDNAandRNA.Numerousnucleosideswithmodificationofthe 

ribosesugarmoietyhavebeenmadeprimarilywiththeaimofimprovingcertainpropertiesof 

25 oligonucleotidessuchasaffinityand/ornucleaseresistance.Suchmodificationsincludethose 

wheretheriboseringstructureismodifiede.g.byreplacementwithahexosering(HNA),ora 

bicyclicringwhichtypicallyhaveabridgebetweentheC2andC4carbonsontheribosering 

(LNA),oranunlinkedriboseringwhichtypicallylacksabondbetweentheC2andC3carbons 

(e.g.UNA).Modifiednucleosidesalsoincludenucleosideswherethesugarmoietyisreplaced 
30 withanon-sugarmoietyforexampleinthecaseofpeptidenucleicacids(PNA),ormorpholino 

nucleicacids.  

24 

Anoligonucleotide107ofthedisclosuremaycompriseoneormorenucleosideswhich
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Sugarmodificationsalsoincludemodificationsmadeviaalteringthesubstituentgroups 

ontheriboseringtogroupsotherthanhydrogenorthe2'-OHgroupnaturallyfoundinDNAand 

RNAnucleosides.Substituentsmayforexamplebeintroducedatthe2'3',49or5positions.  

TheoligonucleotidemayincludeoneormoreLockedNucleicAcid(LNA)bases.An 

5 LNAmayincludea2'-modifiednucleosidewhichcomprisesabiradicallinkingtheC2'andC4' 

oftheribosesugarringofsaidnucleoside(alsoreferredtoasa"2'-4'bridge"),whichrestrictsor 

lockstheconformationoftheribosering.Thesenucleosidesarealsotermedbridgednucleicacid 

orbicyclicnucleicacid(BNA)intheliterature.Thelockingoftheconformationoftheriboseis 

associatedwithanenhancedaffinityofhybridization(duplexstabilization)whentheLNAis 

10 incorporatedintoanoligonucleotideforacomplementaryRNAorDNAmolecule.Thiscanbe 
S 

routinelydeterminedbymeasunngthemeltingtemperatureoftheoligonucleotide/complement 

duplex.NonlimitingexemplaryLNAnucleosidesaredisclosedinWO99/014226,WO 

00/66604,WO98/039352, WO2004/046160,WO00/047599,WO2007/134181,WO 

2010/077578,WO2010/036698,WO2007/090071WO2009/006478,WO2011/156202,WO 

15 2008/154401WO2009/067647,andWO2008/150729,allincorporatedbyreference.  

Pharmaceuticallyacceptablesaltsofoligonucleotidesofthedisclosureincludethosesalts 

thatretainthebiologicaleffectivenessandpropertiesofthefreebasesorfreeacidswhichare 

notbiologicallyorotherwiseundesirable.Thesaltsareformedwithinorganicacidssuchas 

hydrochloricacidhydrobromicacidsulfuricacidnitricacidphosphoricacidparticularly 

acidoxalicacidmaleicacidmalonicacidsuccinicacidfumaricacidtartaricacidcitricacid, 

benzoicacidcinnamicacidasulfonicacidorsalicylicacid.Inadditionthosesaltsmaybe 

preparedfromadditionofaninorganicbaseoranorganicbasetothefreeacid.Saltsderived 

fromaninorganicbaseincludebutarenotlimitedtothesodiumpotassiumlithium 

25 ammoniumcalciummagnesiumsalts.Saltsderivedfromorganicbasesincludebutarenot 

limitedtosaltsofprimarysecondaryandtertiaryaminessubstitutedaminesincludingnaturally 

occurringsubstitutedaminescyclicaminesandbasicionexchangeresinssuchas 

isopropylaminetrimethylaminediethylaminetriethylaminetripropylamineethanolamine 

lysinearginineN-ethylpiperidinepiperidinepolyamineresins.  

30 Anoligonucleotide107maymediateorpromotenucleasemediateddegradationof 

sodiumchannelpre-mRNAormRNAtranscripts.Nucleasemediateddegradationreferstoan 

25 

20 hydrochloricacidandorganicacidssuchasaceticacidpropionicacidglycolicacidpyruvic
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oligonucleotidecapableofmediatingdegradationofacomplementarynucleotidesequencewhen 

formingaduplexwithsuchasequence.Insomeembodimentstheoligonucleotidemayfunction 

vianucleasemediateddegradationofthetargetnucleicacidwheretheoligonucleotidesofthe 

inventionarecapableofrecruitinganucleaseparticularlyanendonucleasepreferably 

5 endoribonuclease(RNase),suchasRNaseH.Examplesofoligonucleotidedesignswhich 

operatevianucleasemediatedmechanismsareoligonucleotideswhichtypicallycomprisea 

regionofatleast5or6consecutiveDNAnucleosidesandareflankedononesideorbothsides 

byaffinityenhancingnucleosidesforexamplegapmers.TheRNaseHactivityofanantisense 

oligonucleotide107referstoitsabilitytorecruitRNaseHwheninaduplexwitha 

10 complementaryRNAmolecule.  

Theantisenseoligonucleotide107oftheinventionorcontiguousnucleotidesequence 

thereofmaybeagapmeralsotermedgapmeroligonucleotideorgapmerdesigns.Theantisense 

gapmersarecommonlyusedtoinhibitatargetnucleicacidviaRNaseHmediateddegradation.  

Agapmeroligonucleotidecomprisesatleastthreedistinctstructuralregionsa5'-flankagapand 

15 a3'-flankF-G-F'inthe'5->3'orientation.The,,gap9, region(G)comprisesastretchof 

contiguousDNAnucleotideswhichenabletheoligonucleotidetorecruitRiNaseH.Thegap 

regionisflankedbya5'flankingregion(F)comprisingoneormoresugarmodifiednucleosides, 

advantageouslyhighaffinitysugarmodifiednucleosidesandbya3'flankingregion(F') 

comprisingoneormoresugarmodifiednucleosidesadvantageouslyhighaffinitysugarmodified 

oftheoligonucleotideforthetargetnucleicacid(i.e.areaffinityenhancingsugarmodified 

nucleosides).InsomeembodimentstheoneormoresugarmodifiednucleosidesinregionFand 
F9 

are2'sugarmodifiednucleosidessuchashighaffinity2'sugarmodificationssuchas 
independentlyselectedfromLNAand2'-MOE.  

25 AmixedwinggapmerisanLNAgapmerwhereinoneorbothofregionFandF' 
9 

comprisea2substitutednucleosidesuchasa2'substitutednucleosideindependentlyselected 
fromthegroupconsistingof2'-O-alkyl-RINAunits,2'-O-methyl-RINA,2~-amino-DNAunits,2'

fluoro-DNAunits,2~-alkoxy-RNAMOEunitsarabinonucleicacid(ANA)units,2'-fluoro

ANAunitsorcombinationsthereofInsomeembodimentswhereinatleastoneofregionFand 

30 F9 orbothregionFandF'compriseatleastoneLNAnucleosidetheremainingnucleosidesof 

regionFandF'areindependentlyselectedfromthegroupconsistingof2'-MOEandLNA.In 

26 

20 nucleosides.TheoneormoresugarmodifiednucleosidesinregionFandF9 enhancetheaffinity
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someembodimentswhereinatleastoneofregionFandF',orbothregionFandF'compriseat 

leasttwoLNAnucleosidestheremainingnucleosidesofregionFandF'areindependently 

selectedfromthegroupconsistingof2'-MOEandLNA.Insomemixedwingembodimentsone 

orbothofregionFandF'mayfurthercompriseoneormoreDNAnucleosides.Gapmerdesigns 

5 arediscussedinWO2008/049085andWO2012/109395,bothincorporatedbyreference.  

Conjugationoftheoligonucleotide107tooneormorenon-nucleotidemoietiesmay 

improvethepharmacologyoftheoligonucleotidee.g.byaffectingtheactivitycellular 

distributioncellularuptakeorstabilityoftheoligonucleotide.Insomeembodimentsthe 

conjugatemoietycanmodifyorenhancethepharmacokineticpropertiesoftheoligonucleotide 

10 byimprovingcellulardistributionbioavailabilitymetabolismexcretionpermeabilityand/or 

cellularuptakeoftheoligonucleotide.Inparticulartheconjugatemaytargettheoligonucleotide 

toaspecificorgantissueorcelltypeandtherebyenhancetheeffectivenessofthe 

oligonucleotideinthatorgantissueorcelltype.Theconjugatemayalsoservetoreduceactivity 

oftheoligonucleotideinnon-targetcelltypestissuesororganse.g.offtargetactivityoractivity 

15 innon-targetcelltypestissuesororgans.  
Inanembodimentthenon-nucleotidemoiety S 

(conjugatemoiety)isselectedfromthe 

groupconsistingofcarbohydratescellsurfacereceptorligandsdrugsubstanceshormones, 

lipophilicsubstancespolymersproteinspeptidestoxins(e.g.bacterialtoxins),vitaminsviral 

proteins(e.g.capsids)orcombinationsthereof 

thatincludeanyoftheaforementionedoligonucleotidesand/oroligonucleotideconjugatesor 

saltsthereofandapharmaceuticallyacceptablediluentcarriersaltand/oradjuvant.A 

pharmaceuticallyacceptablediluentincludesACSFartificialcerebrospinalfluidand 

pharmaceuticallyacceptablesaltsincludebutarenotlimitedtosodiumandpotassiumsalts.In 

25 someembodimentsthepharmaceuticallyacceptablediluentissterilephosphatebufferedsaline 

orsterilesodiumcarbonatebuffer.Insomepreferredembodimentsdiluentsforclinical 

applicationincludeElliott'sBsolutionand/orACSFartificialcerebrospinalfluid.  

Insomeembodimentstheoligonucleotideoftheinventionisintheformofasolutionin 

thepharmaceuticallyacceptablediluentforexampledissolvedinPBSorsodiumcarbonate 

30 buffer.Theoligonucleotidemaybepre-formulatedinthesolutionorinsomeembodimentsmay 

beintheformofadrypowder(e.g.alyophilizedpowder)whichmaybedissolvedinthe 

27 

20 Oligonucleotides107ofthedisclosuremaybeprovidedinpharmaceuticalcompositions
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pharmaceuticallyacceptablediluentpriortoadministration.Suitablyforexamplethe 

oligonucleotidemaybedissolvedinaconcentrationof0.1-100mg/mLsuchas1-10mg/mL.  

Compositionsofthedisclosuremaybeadministeredtoapatientforthepreventionor 

treatmentofpainsuchaschronicpainneuropathicpaininflammatorypainspontaneouspain 

5 ornociceptivepain.Theoligonucleotidesoftheinventionortheconjugatessaltsor 

pharmaceuticalcompositionsoftheinventionmaybeforuseasalocalanalgesic.  

Thepainwhichmaybetreatedbytheoligonucleotidesoftheinventionorthe 

conjugatessaltsorpharmaceuticalcompositionsoftheinventionmaybepainwhereinthepain 

signalisintheperipheralnervoussystem.Indicationsassociatedwithpainwithasignificant 

10 peripheralcomponentincludeforexamplediabeticneuropathiescancercranialneuralgia, 

postherpeticneuralgiaandpost-surgicalneuralgia.  

Painwhichmaybepreventedtreatedoramelioratedusingtheoligonucleotide, 

conjugatecompositionorsaltoftheinventionmayforexamplebeselectedfromthegroup 

consistingofpainassociatedwithinheritederytliromelalgia(IBM),paroxysmalextremepain 

15 disorder(PEPD),trigeminalneuralgianeuropathicpainchronicpainbutalsogeneraltreatment 

ofnociceptive(e.g.compressionofanerve),neuropathicpain(e.g.diabeticneuropathy),visceral 

paincancerpainormixedpain.Theinventionprovidesfortheoligonucleotideconjugate, 

compositionorsaltoftheinventionfortheuseforthepreventionorforthetreatmentofpain 

suchaschronicpainneuropathicpaininflammatorypainspontaneouspaincancerpainor 

20 nociceptivepain.  

humanwhoissufferingfromorislikelytosufferpaincomprisingadministeringa 

therapeuticallyorprophylacticallyeffectiveamountofanoligonucleotideanoligonucleotide 

conjugateorapharmaceuticalcompositionoftheinventiontoasubjectwhoissufferingfromor 

25 issusceptibletosufferingfrompainsuchascancerpainosteoarthritispainchronicpain 

neuropathicpaininflammatorypainspontaneouspainornociceptivepainwherethe 

oligonucleotideistargetedtoasequencecomplementarytooneofSEQEDNOs:1-141.  

Dual-knockdownembodiments 

30 Embodimentsofthedisclosurerelatetotherapeuticcompositionsfortreatingpainvia 

multipletargets.ThecompositionsincludeanoligonucleotidethathybridizestoRNAsfrom 

28 

Thedisclosureprovidesmethodsfortreatingorpreventingpaininasubjectsuchasa
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morethanonegenesforasodiumchannelprotein(e.g.,humanNavi.7/Navi.8)alongasegment 

oftheRNAthatisatleastabout750ocomplementarytooneofSEQIDNOs:142-164tothereby 

preventtranslationoftheRNAintothesodiumchannelprotein.Note:SCN9AisNaVi.T 

SCN1OAisNaV1.&andSCN11AisNaV1.9.  

5 Theoligonucleotidemayhaveasequencethatisatleast8O~osimilartooneofSEQID 

NOs:142-164(albeitingapmerstructurewithaDNAcoreandRNAwings).Theouterwings 

oftheoligonucleotidemayincludemodifiedRNAchemistrysuchasforexamplebeingmade 

mostlyorwhollyof2-methoxyethyl(2'-MOE)RNAbases.Preferredembodimentsincludea 

few(e.g.,twotofour)phosphodiesterbondswithinthewingswithallotherinter-baselinkages 

10 beingphosphorothioate.Forexamplethesecondthirdfourthfifteenthandseventeenth 

linkages(inthedirectionwritteninthesequences)maybephosphodiesterwithallothersbeing 

phosphorothioate.Notablyinsuchembodimentstheouter-mostlinkagesandalllinkages 

involvingaDNAbasearepreferablyphosphorothioateleavingthreeoftheinter-RNAlinkages 

toincludeeithertwoorthreephosphodiesterlinkages(balancebeingphosphorothioate).Ina 

15 preferredembodimentthecompositionincludescopiesofonemoreoligoncucleotideseachwith 

asequencegivenbyoneofSEQIDNOs:142-164,witha5-9-5(RNA-DNA-RNA)gapmer 

designinwhichtheouter-mostinter-baselinkagesandalllinkagesinvolvingaDNAbaseare 

phosphorothioateandinwhichtheotherthreeinter-RNAlinkagesofeachwingcompriseeither 

twoorthreephosphodiesterlinkages(balancebeingphosphorothioate).  

20 ThehumanNavi.7/Navi.8dualknockdownsequencesexemplifiedbySEQIDNOs: 

configurationwith9-baseDNAcorewith5' and3' RNA-likewings.Preferablythe5and3' 

wingsatleastsubstantiallyfollow2-methoxyethyl(2'-MOE)chemistryandthebackbone 

linkagesincludeamixtureofphosphorothioate(PS)andphosphodiester(P0)(e.g.,outer-most 

25 inter-baselinkagesandalllinkagesinvolvingaDNAbasearePSandinwhichtheotherthree 

inter-RNAlinkagesofeachwingcompriseeithertwoorthreePSlinkagesbalanceP0).In 
certainembodimentsthehumanNavi.7/Navi.8dualknockdown S 

compnsesanoligonucleotide 

withasequenceasgivenbyoneofSEQlIDNOs:142-164andagapmercompositionasjust 

described.  

30 Ofthedualknockdownsequencesafirstpreferredembodimentdubbedgroup1,is 

illustratedbySEQIDNos:142-152,alsodescribedasRefNo.(Targetcode!No.)4/61-4/71.  

29 

142-164areeachpreferablyprovidedasa19-merASOgapmerdesignfollowinga5x9x5
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Allthegroup1dualknockdownASOshave1 omatchwithhumanSCN9Atranscriptand 

onlyhave1nucleotidemismatchwithhumanSCN1OA.Theindicateddual-knockdownASO 

oligonucleotidesofgroup1havea5-9-5gapmerdesignwitha9-baseDNAcoreand5'and3' 

RNA-likewings.The5'and3' wingsinclude2-methoxyethyl(2'-MOE)chemistry.The 

5 backboneincludesamixtureofphosphorothioate(PS)andphosphodiester(P0),e.g.,inwhich 

thesecondthirdfourthfifteenthandseventeenthlinkages(inthedirection S 

sequences)maybeP0withallothersbeingPS.PreferablyanyofSEQIDNos:142-152have 

thatbackbonechemistry.Eachofthesequencesinthisgroup1haszeromismatchestoatarget 

sequenceinhumanSCN9Apre-RNAormRNAand1mismatchtoatargetsequenceinhuman 

10 SCN1OApre-RNAormRNA.  

Ofthedualknockdownsequencesasecondpreferredembodimentisdubbedgroup2, 

illustratedbySEQEDNOs:153-164,alsodescribedasRefNo.(Targetcode!No.)5/49-5/60.  

Allthegroup2dualknockdownASOshave1OO~omatchwithhumanSCN1OA S 

onlyhave1nucleotidemismatchwithhumanSCN9A.Theindicateddual-knockdownASO 

15 oligonucleotidesofgroup2havea5-9-5gapmerdesignwith9-baseDNAcorewith5'and3 

RNA-likewings.The5' and3' wingsinclude2-methoxyethyl(2'-MOE)chemistry.The 

backboneincludesthemixtureofphosphorothioate(PS)andphosphodiester(P0),e.g.,inwhich 

thesecondthirdfourthfifteenthandseventeenthlinkages(inthedirection S 

sequences)maybeP0withallothersbeingPS.PreferablyanyofSEQIDNOs.153-164have 

sequenceinhumanSCN9Apre-RNAormRNAandzeromismatchestoatargetsequencein 

humanSCN1OApre-RNAormRNA.  

Incertaindual-knockdownembodimentstheinventionprovidesforanoligonucleotide 

of10to30nucleotidesinlengthwhichcomprisesacontiguousnucleotidesequenceof10to30 
25 nucleotidesinlengthwithatleast900 S 

complementantysuchas1000ocomplementaritytoa 

humanNaVi.7targetnucleicacidandahumanNaVi.8targetnucleicacidandwhichiscapable 

ofinhibitingtheexpressionofbothNaVi.7orNaVi.8inacell.  

FIG.12showsthatASOsofthedisclosureprovidepotentandselectiveknockdownof 

multipleNaytargets.InthefigurethetopgraphshowscomparativeexpressionlevelsofNaVl.7 

30 besideNaVi.5andNaVi.2whentreatedwithfourdifferentASOs(labelledASO1,ASO2, 

ASO3andASO4)at2concentrations.Thebottomgraphshowscomparativeexpressionlevels 

30 
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ofNaVl.8besideNaVi.5andNaVi.2,whentreatedwiththosesamefourdifferentASOs 

(againASOlASO2,ASO3,andASO4)at2concentrations.  

Thefirstgroupofsixbarsinthetoppanelshowsthatateither5nMor15nM 

concentrationofASOlexpressionofNaVl.7wasknockeddownsignificantlycomparedto 

5 expressionofNaVl.5andNaVi.2.Unexpectedlythefirstgroupofsixbarsinthebottompanel 

showsthatateither5nMor15nMconcentrationofASO1, expressionofNaVl. 8wasknocked 

downsignificantlycomparedtoexpressionofNaVl.5andNaVi.2.Thatistheleft-mostgroups 

ofsixbarsonthetopandonthebottompanelsshowthatASOlspecificallyknocksdown 

expressionofbothNaVi.7andNaVi.8,comparedtoNaVi.5andNaVi.2.Lookingatthetop 

10 andbottompanelstogetherthesecondgroupofpartsshowsthesamethingforASOZthethird 

groupofbarsshowsthesameresultforASO3andthefourthgroupofsixbarsshowsthesame 

resultforASO4.ThesedatastronglyshowthatASOsofthedisclosurearecapableofinhibiting 

theexpressionofbothNaVl.7orNaVl.8.  

DifferentNaychannelshavedifferentbiophysicalpropertiesandrolesinexcitability.  

15 FIG.13showswhichNaychannelsaresubstantiallyorprincipallyinvolvedin 

excitabilityatthresholdsub-thresholdandabovethethresholdforneuralactivity.Thedataare 

obtainedbyusingbluelightandOptopatchconstructstostimulateneuronsandmeasuresodium 

(Na)conductivity.BluelightstimulationprotocolswereusedtocharacterizerolesofeachNayin 
nociceptorfiring.ThedatashowthatNaVi.7andNaVi.8areprimarydriversofactivityatand 

20 abovethresholdandhencethatthosetargetsrepresentvaluabletargetsforatherapeutic 

compositionfortreatingpain.Herethedisclosureprovidesantisenseoligonucleotide-based 

therapeuticsagainstvalidatedtargetNavi.7andNavi.8.  
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What is claimed is: 

1. Acompositionfortreatingpainthecompositioncomprising: 

anoligonucleotidethathybridizestoanRNAencodingasodiumchannelproteinalonga 

segmentoftheRNAthatisatleastabout750ocomplementarytooneofSEQIDNOs:1-164to 

therebypreventtranslationoftheRNAintothesodiumchannelprotein.  

2. Thecompositionofclaim1, whereintheoligonucleotidehybridizestoandknocksdown 

expressionofoneormoreofNaVl.7,NaVi.8,andNaVi.9pre-mRNAormRNA.  

39 Thecompositionofclaim1, whereinasequenceofbasesintheoligonucleotidehasat 

least800oidentitytooneofSEQIDNOs:1-164.  

4. Thecompositionofclaim1, whereinasequenceofbasesintheoligonucleotideisatleast 
900~S 

tooneofSEQIDNOs:1-101whereintheoligonucleotidecanhybridizetoand 

induceRNasecleavageofeitherNaVi.7pre-mRNAormRNAorNaVi.8pre-mRNAor 

mRNA.  

oligonucleotideseachhavingabasesequenceatleast80~oidenticaltooneofSEQIDNOs:1

164whereineachofthetherapeuticoligonucleotideshasagapmerstructurethatcomprisesa 

centralDNAsegmentflankedbymodifiedRNAwingswhereinthepluralityoftherapeutic 

oligonucleotidesareprovidedinasolutionorcarrierformulatedforintrathecalinjection.  

6. Thecompositionofclaim1, whereintheoligonucleotidecomprisestwowingsflankinga 

centralregionofatleast10DNAbases.  

7. Thecompositionofclaim1, whereinatleastoneendoftheoligonucleotidecomprises 

modifiedRINAbases.  
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8. Thecompositionofclaim7,whereineachmodifiedRNAbaseisselectedfromthegroup 

consistingof2'-O-methoxyethylRNAand2'-0-methylRNA.  

9. Thecompositionofclaim1, whereintheoligonucleotidecomprisesatleastabout15 

bases.  

10. Thecompositionofclaim1, whereintheoligonucleotidecomprisesbetweenabout15 

about25bases.  

11. Thecompositionofclaim1, whereintheoligonucleotidehasabackbonecomprisinga 

pluralityofphosphorothioatebonds.  

12. Thecompositionofclaim1, whereintheoligonucleotidehasabasesequencethathas 

beenscreenedanddeterminedtonotmeetathresholdmatchforanynon-targettranscriptsin 

humans.  

13. Thecompositionofclaim1, whereintheoligonucleotidehasabasesequencewith0 

mismatchestoahomologoussegmentinanon-humanprimategenomeandnomorethanabout5 

mismatchesinahomologoussegmentinarodentgenome.  

ganglion(DRG)neuronsinvitrotheDRGneuronsexhibitadose-dependentknockdownof 

NaV1.7,NaV1.8,orNaVl.9.  

15. Thecompositionofclaim1, whereintheoligonucleotidehasabasesequencewithat 

leasta900omatchtooneofSEQIDNO:1-141,withbaseslinkedonlybyphosphorothioate 

linkagestheoligonucleotidefurthercomprisingacentral10DNAbasesflankedbya5'wing 

anda3' wingtheSwingandthe3' wingeachcomprisingfiveconsecutive2'modifiedRNA 

bases.  
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16. Thecompositionofclaim1, whereintheoligonucleotidehasabasesequencematching 

oneofSEQIDNO:1-141,withamajorityofinter-baselinkagescomprisingphosphorothioate 

linkagestheoligonucleotidefurthercomprisingacentral10DNAbasesflankedbya5'wing 

anda3' wingtheSwingandthe3' wingeachcomprisingfiveconsecutive2'MOERNA 

bases.  

17. Acompositioncomprisingapluralityofcopiesofapluralityofdistincttherapeutic 

gapmersofoneoftheprecedingclaimsinacarrierformulatedforintrathecaladministration.  

18. Thecompositionofclaim1, whereintheoligonucleotideexhibitsatleast250obetterNay 

knockdownthanacontrolgapmerinanassayusingDROneuronsinvitro.  

19. Thecompositionofclaim1, whereinoneormorebasesinsaidRNAaremethylated.  

20. Thecompositionofclaim19,whereinsaidmethylatedbasesareselectedfrom5

methylcytosineand5-methyluracil(thymine).  

21. Acompositionfortreatingpainthecompositioncomprising.  

anoligonucleotidethathybridizestolocationsontwoRNAsthatencodetwodifferent 

tooneofSEQIDNOs:142-164totherebypreventtranslationoftheRNAitsrespectivesodium 

channelprotein.  

22. Thecompositionofclaim21,whereintheoligonucleotidehybridizestoandknocks 

downexpressionofNaVi.7andNaVi.8pre-mRNAormRNA.  

23. Thecompositionofclaim21, whereinasequenceofbasesintheoligonucleotidehasat 

least890oidentitytooneofSEQIDNOs:142-164.  

34 

sodiumchannelproteinsalongasegmentofeachRNAthatisatleastabout750ocomplementary



WO2022/061108 PCT/IJS2021/050866 

24. Thecompositionofclaim21, whereinasequenceofbasesintheoligonucleotideisat 

least940oidenticaltooneofSEQIDNOs:142-164,whereintheoligonucleotidecanhybridize 

toandinduceRNasecleavageof',NaVi.7andNaVi.8pre-mRNAormRNA.  

25. Thecompositionofclaim21,whereinthecompositioncomprisesapluralityof 

therapeuticoligonucleotideseachhavingabasesequenceatleast940oidenticaltooneofSEQ 

IDNOs:140-164whereineachofthetherapeuticoligonucleotideshasagapmerstructurethat 

comprisesacentralDNAsegmentflankedbymodifiedRNAwings.  

26. Thecompositionofclaim21,whereintheoligonucleotidecomprisestwowingsflanking 

acentralregionofatleast9DNAbases.  

27. Thecompositionofclaim21,whereinatleastoneendoftheoligonucleotidecomprises 

modifiedRINAbases.  

28. Thecompositionofclaim27,whereineachmodifiedRNAbaseis2'-O-methoxyethyl 

RNA.  

29. Thecompositionofclaim21,whereintheoligonucleotide S 

compnsesabout19bases.  

pluralityofphosphorothioatebonds.  

31. Thecompositionofclaim21, whereintheoligonucleotidehasabackbonecomprisinga 

mixtureofphosphorothioate(PS)andphosphodiester(P0),inwhichtheouter-mostinter-base 

linkagesandalllinkagesinvolvingaDNAbasearePSandinwhichtheotherthreeinter-RNA 

linkagesofeachwingcompriseeithertwoorthreePSlinkagesbalanceP0 

32. Thecompositionofclaim21, whereintheoligonucleotidehasabasesequencethathas 

beenscreenedanddeterminedtonotmeetathresholdmatchforanynon-targettranscriptsin 

humans.  
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30. Thecompositionofclaim21,whereintheoligonucleotidehasabackbonecomprisinga
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33. Thecompositionofclaim21, whereintheoligonucleotidehasabasesequenceofoneof 

SEQIDNOs:142-152or153-164.  

34. Thecompositionofclaim21,whereinwhenthecompositionisdeliveredtothedorsal 

rootganglion(DRG)neuronsinvitrotheDRGneuronsexhibitadose-dependentknockdownof 

NaV1.7andNaV1.8.  

35. Thecompositionofclaim21, whereintheoligonucleotidehasabasesequencewithat 

leasta940omatchtooneofSEQIDNO:142-164,inwhichatleasttheouter-mostinter-base 

linkagesandalllinkagesinvolvingaDNAbasearephosphorothioateandinwhichthe 

oligonucleotidefurthercomprisesacentral9DNAbasesflankedbya5'RNAwinganda3 

RNAwingthe5'wingandthe3'wingeachcomprisingfiveconsecutive2'modifiedRNA 

bases.  

36. Thecompositionofclaim35,inwhichtheoligonucleotidehasthesequenceofoneof 

SEQIDNO:142-164andinwhichbothRNAwingsconsistofS2-methoxyethyl-modifiedRNA 
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