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LipidNanoparticlesforDeliveringmRNAVaccines 

RELATEDAPPLICATIONS 

[OO1J ThisapplicationclaimsthebenefitofpriorityofU.S.ProvisionalApplicationNo.  

5 63/110,965,filedNovember6,2020,U.S.ProvisionalApplicationNo.63/212,523,filedJune18, 

2021andEPPriorityApplicationNo.21315198.8, filedOctober13, 2021, thecontentofeach 

incorporatedbyreferenceintheirentiretyforallpurposes.  

BACKGROUNDOFTHEINVENTION 

10 [002J MessengerRNA(mRNA)-basedvaccinesprovideapromisingalternativetotraditional 

subunitvaccineswhichcontainantigenicproteinsderivedfromapathogen.Antigenicproteins 

areusuallyrecombinantlymadeandrequirebacterialfermentationand/orcellcultureaswellas 

complexpurification.VaccinesbasedonmRNAallowdenovoexpressionofcomplexantigensin 

thevaccinatedsubject whichinturnallowsproperpost-translationalmodificationand 

15 presentationoftheantigeninitsnaturalconformation. Unliketraditionaltechnologiesthe 

manufactureofmRNAvaccinesdoesnotrequirecomplexandcostlybacterialfermentationtissue 

cultureandpurificationprocesses.Moreoveronceestablishedthemanufacturingprocessfor 

mRNAvaccinescanbeusedforavarietyofantigensenablingrapiddevelopmentanddeployment 

ofmRNAvaccines.FurthermRNAvaccinesareinherentlysafedeliveryvectorsastheyexpress 

20 theantigensonlytransientlyanddonotintegrateintothehostgenome.Becauseantigensencoded 

effectiveinelicitingbothhumoralandTcellmediatedimmunity.  

[003J RNAhoweverisunstableandsubjecttorapiddegradation.Therealsoarenonatural 

cellsurfacereceptorsthatfacilitatecellularuptakeofRNA. IndeeddevelopmentofmRNA 

25 vaccineshasbeenhamperedbyinefficientinvivodeliveryofmRINA.Thusthereremainsaneed 

todevelopvaccineformulationsthatcanimprovemRNAdeliveryinvivo.  

SUMMARYOFTHEINVENTION 

[004J Thepresentdisclosureprovidesapharmaceuticalcompositioncomprisingnucleicacid 

30 molecules(e.g.,mRNAmolecules)encapsulatedinlipidnanoparticles(LNPs),whereineachLNP 

comprisesacationiclipidatamolarratiobetween350oand450oapolyethyleneglycol(PEG) 

1 

bymRNAsareproducedinvivointhevaccinatedindividualmRNAvaccinesareespecially
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conjugated(PEGylated)lipidatamolarratiobetween0.250oand2.750oacholesterol-basedlipid 

atamolarratiobetween200oand350~, andahelperlipidatamolarratioofbetween250oand 

350~,whereinallthemolarratiosarerelativetothetotallipidcontentoftheLNP.Thecomposition 

maybeusedasavaccinetoelicitimmuneprotectioninsubjects(e.g.,humansubjects)inneed 

5 thereof 

[0051 InsomeembodimentsthecationiclipidisOF-02,cKK-B1OGL-JJEPES-B3-E1O-DS-3

B18-1, GL-JJEPES-B3-E12-DS-4-E10,orGL-JJEPBS-E3-E12-DS-3-E14.  

[0061 InsomeembodimentstheLNPcomprisesacationiclipidatamolarratioof400~, a 

PEGylatedlipidatamolarratioof1~5Ooacholesterol-basedlipidatamolarratioof28.50oand 

10 ahelperlipidatamolarratioof300 

[0071 InsomeembodimentsthecationiclipidisOF-02,cKK-B1OGL-JJEPES-B3-E1O-DS-3

B18-1, GL-JJEPES-E3-B12-DS-4-E10,orGL-LUEPES-E3-E12-DS-3-E14,thePEGylatedlipidis 

dimyristoyl-PEG2000(DMG-PEG2000),thecholesterol-basedlipidischolesteroland/orthe 

helper lipid is 1,2-dioleoyl-SN-glycero-3-phosphoethanolamine (DOPE). In particular 

15 embodimentstheLNPcomprisesOF-02 cKK-E1O GL-JJEPES-E3-E1O-DS-3-E18-1 GL

HEPES-E3-E12-DS-4-E1OorGL-IJEPES-E3-E12-DS-3-E14atamolarratioof40%,DMG

PEG2000atamolarratioof1 ocholesterolatamolarratioof28 oandDOPEatamolar 

ratioof300o.  

[0081 InsomeembodimentstheLNPcomprises1-20,optionally5-10or6-8nucleicacid 

20 molecules.InsomeembodimentstheLNPcomprisesoneormoremRNAmoleculesencodingan 

[0091 InsomeembodimentstheLNPcomprisestwoormoremRNAmoleculeswhereineach 

mRNAmoleculeencodesadifferentantigenoptionallywhereinthedifferentantigensarefrom 

thesamepathogenorfromdifferentpathogens.Insomeembodimentsthecompositioncomprises 

25 twoormoreLNPswhereineachLNPcomprisesanmRNAencodingadifferentantigen, 

optionallywhereinthedifferentantigensarefromthesamepathogenorfromdifferentpathogens.  

[00101 Forexamplethecompositionmaycomprisetwothreefourfivesixseveneightnine, 

ormoremRNAmoleculesencoding(i)differenthemagglutinin(HA)antigens,(ii)different 

neuraminidase(NA)antigensor(iii)atleastoneHAantigenandatleastoneNAantigen.  

30 [00111 InsomeembodimentsmRNAmoleculecomprisesanopenreadingframe(ORE) 

encodingarespiratorysyncytialvirus(RSV)Fproteinantigen.  

2 

antigen(e.g.,aviralantigensuchasaninfluenzaviralantigenorabacterialantigen).
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[00121 InsomeembodimentstheRSVFproteinantigencomprisesanaminoacidsequencewith 

atleast980oidentitytoSEQIDNO:16orconsistsofanaminoacidsequenceofSEQIDNO:16.  

[00131 InsomeembodimentstheRSVFproteinantigenisapre-fusionprotein.  

[00141 InsomeembodimentstheORFiscodonoptimized.  

5 [00151 InsomeembodimentsthemRINAmoleculecomprisesatleastone5' untranslatedregion 

(5' UTR),atleastone3' untranslatedregion(3' UTR),andatleastonepolyadenylation(poly(A)) 

sequence.  

[00161 InsomeembodimentsthemRINAcomprisesatleastonechemicalmodification.  

[00171 Insomeembodimentsatleast200oatleast300oatleast400~,atleast500oatleast600o, 

10 atleast700~,atleast ~~0~atleast850oatleast900oatleast950oor1000ooftheuracilnucleotides 

inthemRNAarechemicallymodified.  

[00181 Insomeembodimentsatleast200oatleast300oatleast400oatleast500oatleast600o, 

atleast700oatleast800oatleast850oatleast900oatleast950oor100"ooftheuracilnucleotides 

intheORFarechemicallymodified.  

15 [00191 Insomeembodimentsthechemicalmodificationisselectedfromthegroupconsisting 

ofpseudouridineN1-methylpseudouridine2-thiouridine4'-thiouridine,5-methylcytosine2

thio-l-methyl-1-deaza-pseudouridine,2-thio-l-methyl-pseudouridine,2-thio-5-aza-uridine,2-thio

dihydropseudouridine 2-thio-dihydrouridine 2-thio-pseudouridine, 4-methoxy-2 o

PSeudouridine, 4-methoxy-pseudouridine o-1-methyl-pseudouridine 4-thio-pseudouridine, 

20 5-aza-uridine, dihydropseudouridine5-methyluridine, 5-methyluridine, 5-methoxyuridine, and 

[00201 Insomeembodimentsthechemicalmodificationisselectedfromthegroupconsisting 

of pseudouridine, N1-methylpseudouridine 5-methylcytosine, 5-methoxyaridine, and a 

combinationthereof 

25 [00211 InsomeembodimentsthechemicalmodificationisNi-methylpseudouridine.  

[00221 InsomeembodimentsthemRNAcomprisesanucleicacidsequencewithatleast800 

identitytoanucleicacidsequencesetforthinSEQIDNO:17.  

[00231 InsomeembodimentsthemRNAcomprisesanucleicacidsequencewithatleast800 

identitytoanucleicacidsequencesetforthinSEQIDNO:21.  

30 [00241 InsomeembodimentsthemRNAcomprisesofthefollowingstructuralelements: 

U 

(i)a5' capwiththefollowingstructure.  

3 

2'-0-methyluridine.



WO20221099003 PCT/IJS2021/058250 

0 

N NH 
OH OH / K INANH2 

0 0 0 N -F 

II II II 
O-P-Q-P-0-P-0 

I I I 
H2N N N 0- 0 

HN N+ I0 0 

I 
0 0 U 

F (ii)a5untranslatcdregion(5' UTR)havingthenucleicacidsequenceofSEQIDNO:19; 

(iii)aproteincodingregionhavingthenucleicacidsequenceofSEQIDNO:17~ 

(iv)a3' untranslatedregion(3' UTR)havingthenucleicacidsequenceofSEQIDNO:20and 

5 (v)apoly(A)tail.  

[00251 InsomeembodimentstheLNPhasanaveragediameterof3O-200nm(e.g.,80-150nm).  

Insomeembodimentsthecompositioncomprises1- 10,optionally1, mg/mLoftheLNRThe 

compositionmaybeformulatedforintramuscularorintradermalinjectionandmaycomprisea 

phosphate-buffersaline. Insomeembodimentsthecompositioncomprisingtrehalose, optionally 

10 at1O"o(w/v)ofthecomposition.  

[00261 InanotheraspectthepresentdisclosureprovidesamethodofpreparingtheLNP 

compositionhereincomprisingprovidinganaqueousbufferedsolutioncomprisingthenucleic 

acidmoleculeprovidinganamphiphilicsolutioncomprisingthecationiclipidthePEGylated 

lipidthecholesterol-basedlipidandthehelperlipidandmixingtheaqueousbufferedsolution 

15 andtheamphiphilicsolutionataratioof5:1to3:1,optionally4:1. Theaqueousbufferedsolution 

sodiumchloridewithap11ofabout4.5). Theamphiphilicsolutionmaybee.g.,anethanol 

solution.  

[00271 Inanotheraspectthepresentdisclosureprovidesamethodofelicitinganimmune 

20 responseinasubjectinneedthereotcomprisingadministeringtothesubjectoptionally 

intramuscularlyintranasallyintravenouslysubcutaneouslyorintradermallyaprophylactical1y 

effectiveamountofthepresentLNPcomposition.Insomeembodimentsthesubjectistreated 

withoneormore(e.g.,two)dosesofthecompositioneachdosecomprising1-250,optionally 

2.5.,5,15,45,or135,ggofmRNA.Thedosesmaybegivenatanintervalof2-24,optionally4, 

25 8,12,16,or20weeksoronetwothreefourfiveorsixmonths.  

4 

maybeforexampleanacidicbufferedsolution(e.g., comprising1mMcitrateand150mM
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[00281 Alsoprovidedhereinareuseofthepresentcompositionforthemanufactureofa 

medicamentforuseintreatingasubjectinneedthereofaswellasthecompositionforuseforuse 

intreatingasubjectinneedthereoffl.  

[00291 Thepresentdisclosurealsoprovidesakitcomprisingacontainercomprisingasingle-use 

5 ormulti-usedosageofthepresentoptionallywhereinthecontainerisavialorapre-filledsyringe 

orinjector 

[00301 Inanotheraspectthedisclosureprovidesapharmaceuticalcompositioncomprisinga 

mRNAmoleculeencapsulatedinalipidnanoparticle(LNP),whereintheLNPcomprises: 

acationiclipidatamolarratiobetween350~and450o, 

10 apolyethyleneglycol(PEG)conjugated(PEGylated)lipidatamolarratiobetween0.250 

and2.750~, 

acholesterol-basedlipidatamolarratiobetween200oand350oand 

ahelperlipidatamolarratioofbetween250oand350o, 

whereinallthemolarratiosarerelativetothetotallipidcontentoftheLNR 

15 whereinthemRNAmoleculecomprisesanopenreadingframe(OPT)encodinganantigen 

derivedfrominfluenzavirus.  

[00311 Inanotheraspectthedisclosureprovidesapharmaceuticalcompositioncomprisinga 

mRNAmoleculeencapsulatedinalipidnanoparticle(LNP),whereintheLNPcomprises: 

acationiclipidatamolarratiobetween350oand450o, 

20 apolyethyleneglycol(PEG)conjugated(PEGylated)lipidatamolarratiobetween0.250 

acholesterol-basedlipidatamolarratiobetween200oand350oand 

ahelperlipidatamolarratioofbetween250oand350~, 

whereinallthemolarratiosarerelativetothetotallipidcontentoftheLNR 

25 whereinthemRNAmoleculecomprisesanopenreadingframe(ORF)encodinga 

respiratorysyncytialvirus(RSV)Fproteinantigen.  

[00321 Otherfeaturesobjectsandadvantagesoftheinventionareapparentinthedetailed 

descriptionthatfollows.Itshouldbeunderstoodhoweverthatthedetaileddescriptionwhile 

indicatingembodimentsandaspectsoftheinventionisgivenbywayofillustrationonlynot 

30 limitation. Variouschangesandmodificationwithinthescopeoftheinventionwillbecome 

apparenttothoseskilledintheartfromthedetaileddescription 

5 

and2.750o,
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BRIEFDESCRIPTIONOFTHEDRAWINGS 

[00331 FIG.lAisapairofgraphsshowingtheexpressionofhumanerythropoietin(hEPO)in 

micetreatedwithvariousLNPformulationsofhEPOmRNA.Panela):LNPformulations"Lipid 

5 A"and"LipidB comparedto . Barsrepresentmeansandstandarddeviations.Panelb): 

FormulationmadewithcationiclipidOF-02.PEG:DMG-PEG2000.Cholest:cholesterol."Lipid 

A":LNPcompositioncontainingOF-02,DMG-PEG2000,cholesterolandDOPEinthisorder 

atamolarratioof40:1.5:28.5:30,unlessotherwiseindicated. "LipidB"U 
a LNPcomposition 

containingcKK-E10,DMG-PEG2000,cholesterolandDOPEinthisorderatamolarratioof 

10 40:1.5:28.5:30.  

[00341 FIG.lBisapairofgraphsshowingexpressionofhEPOinmiceandnon-humanprimates 

(MIPs)usingLNPformulationsLipidAandLipidB.  

[00351 FIG.2Aand2BareapairofgraphsshowingthatLipidAandLipidBLNPformulations 

withmRNAencodinghemagglutinin(HA)ofsWainA/Califomia/7/2009(IIiN1)(CAO9)induced 

15 robustfunctionalantibodies(FIG.2A)andprotectedmiceagainstdeathorsevereweightloss 

(morethan200o) whenchallengedwithapandemicstrainofinfluenzavirus(FIG.2B).  

Hemagglutinininhibition(HAl)titersarereportedaslog10forserumsamplestakenatstudydays 

0,14,28,42,56,92and107.Barsaregeometricmeansandgeometricstandarddeviations.Daily 

weightsweremeasuredafterintranasalchallenge(day93)with4LD 5 0 ofA/Belgium/2009(IJlNi) 

20 (Belgium09).Weightsarepresentedasthepercentageofweightlostfromthedayofchallenge.  

14dayspost-infection(day107). rHA:recombinanthemagglutinin. AFO3:anoil-in-water 

emulsionadjuvant.Diluent PBS.LLOQ lowerlimitofquantitation.1/40 1/40minimum 

targetwhichreferstoLUAJantibodytitersassociatedwith50~oreductionintheriskofinfluenza 

25 infectionordiseaseinhealthyadults(Coudevilleetal.,BMCMedResMethodol.(2010)10:18).  

DashedlineinFIG.2B 200oweightlosscutoffwithrespecttoweightonthedayofchallenge.  

[00361 FIG.3Aand3BareapairofgraphsshowingthatA/Michigan/45/2015(Michi5) 

neuraminidase(NA)mRNAformulatedwithLipidALNPinducedrobustfunctionalantibodies 

(FIG.3A)andprotectedmiceagainstweightlossanddeathwhenchallengedwithapandemic 

30 strainofinfluenzavirus(FIG.3B).Neuraminidaseinhibition(NAJ)titersarereportedaslogi0 

forserumsamplestakenatstudydays14,28,42,56,88,and114.Dailyweightswereobserved 

6 

Euthanasiaoccurredformicelosingmorethan200ooftheirstartingbodyweightandforallmice
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afterintranasalchallenge(day89fortheone-dosegroupsorday117forthetwo-dosegroups) 

with4LDsoofBelgiumO9.Weightsarepresentedasthepercentageofweightlostfromthedayof 

challenge.Euthanasiaoccurredformicelosingmorethan200ooftheirstartingbodyweightand 

forallmice14days a 

post-infection(day103forthe1dosegroupsorday131forthe2dosegroups).  
5 Barsaremeansandstandarddeviations. UpperdashedlineinFIG.3A upperlimitof 

quantitation.LowerdashedlineinFIG.3A 1owerlimitofquantitation.DashedlineinFIG.  

3B 200 weightlosscutoffwithrespecttoweightonthedayofchallenge.mRNAdosed:0.4 

or0.016~gmRNAencodingMichi5NA. Control:0.6kgmRNAencodinghEPOordiluent 

(PBS).  

10 [00371 FIG.4isagraphshowingthatLipidAandLipidBLNPformulationswithCAO9EtA 

mRNA(10~g)inducedrobustfunctionalantibodiesincynomolgusmacaquemonkeys.[IAJtiters 

arereportedaslog2forserumsamplestakenatstudydays0,14,28,42and56.  

[00381 FIGs.SA-CshowtheMRT1400mRNAencodingforinfluenzavirusA/Singapore! 

17NFJMLU160019/2016(Sing16;[13N2)HAhemagglutinin.FIG.SA:analignmentofthewildtype 

15 (WT)geneandacodon-optimizedgene(MRT10279)fortheHAantigen.FIG.SB:thestructure 

ofthemRNA.FIG.SC:thesequenceofthemRNA.  

[00391 FIG.6isapairofgraphsshowingthatLipidAandLipidBLNPformulationswith 

MRT1400orNAmRNAinducedrobustfunctionalantibodiesinmice.Firstinjectionwasgiven 

atstudyday0andsecondinjectionwasgivenatstudyday28.LeftPanel:HAltitersarereported 

20 asloglOforserumsamplestakenatstudydays14,28,42,and56.RightPanel:NAJtitersare 

meansandgeometricstandarddeviations.Dashedline 1owerlimitofquantitation.  

[00401 FIG.7AisagraphshowingthatLipidAandLipidBLNPformulationswithMRT1400 

inducedrobustfunctionalantibodiesinNUPs.HAltitersarereportedaslog2forserumsamples 

25 takenatstudydays0,14,28,42and56.Firstinjectionwasgivenatstudyday0andsecond 

injectionwasgivenatstudyday28.Barsaremeansandstandarddeviation.Upperdashedline 

1/40minimumtarget.Lowerdashedline lowerlimitofdetection.  

[00411 FIG.7Band7CareapairofgraphsshowingthataLipidALNPformulation(MRT5400) 

containingMRT1400mRNAinducedfunctionalantibodies(FIG.7B)androbustELISAtiters 

30 (FIG.7C)incynomolgusmacaquemonkeysatfourdoselevels:15,45,135and250jigofmRNA.  

HAlandELISAtitersarereportedaslog2forserumsamplestakenatstudydays0,14,28, 42, 

7 

reportedaslog10forserumsamplestakenatstudydays14,28,42,and56.Barsaregeometric
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and56.Firstinjectionwasgivenatstudyday0andsecondinjectiongivenatstudyday28.Bars 

aremeansandstandarddeviations.Dashline 1/40minimumtarget.  

[00421 FIGs.8Aand8BarepanelsofgraphsshowingtheTcellcytokineresponseof 

cynomolgusmacaqucsafterasecondvaccinationwithLipidALNPformulationMRT5400in 

5 threedoselevelgroups(250gg,135~gand45~gofmRNA).JFN-yandIL-13inducedbyre

stimulationwithcithertherecombinantEtA(rIJA)protein(icifpanci)orthcpooledpcptides(right 

panel)wcreasscsscdinperiplicralbloodmononuclearcclls(PMBC)onday42byELISPOT 

assays.TheftcqucnciesofPBMCsecrctingJFN-y(FIG.8A)orIL-13(FIG.8B)wcrecalculatcd 

asspotsformingcells(SFC)permillionPBMC.Eachsymbolreprcsentsanindividualsample, 

10 andthcbarreprcsentsthcstandarddcviation.  

[00431 FIG.9AisapairofgraphsshowingthatLipidALNPformulationscontainingmodificd 

andunmodifiedCAO9[IAmRNAwerecomparableasindicatedbyHAltitersinvaccinatedmice.  

HAltitersarereportedaslog2forserumsamplestakenatstudydays14,28, 42,and56.First 

injectionwasgivenatstudyday0andsecondinjectionwasgivenatstudyday28.Barsaremeans 

15 andstandarddeviation.Upperdashedline 1/40minimumtarget.Lowerdashedline lower 

limitofquantitation.  

[00441 FIG.9BisapairofgraphsshowingthatLipidALNPformulationscontainingmodified 

andunmodifiedCAO9EtAmRNAwerecomparableasindicatedbyELISAtitersinmice.Total 

JgGELISAtitersarereportedasloglOforserumsamplestakenatstudydays14,28,42and56.  

20 Firstinjectionwasgivenatstudyday0andsecondinjectionwasgivenatstudyday28.Dashed 

[00451 FIGs.1OAandlOBareapairofgraphsshowingthatbivalentLipidALNPformulations 

withCAO9[IAmRNAandSingi6[IAmRNAinducedrobustfunctionalantibodiesasassessed 

byLUAJtiters(CAO9(FIG.1OA)andSingl6(FIG.lOB))inBalb/cmiceatadoseof0.4jigof 

25 totalmRNA.0.4jigmRNAwasdosedasaco-encapsulatedmRNA-LNPformulationoreach 

HAmRNAwasseparatelyadministeredwith0.2jiggoingintoeachleg.EachEtAmRNAwas 

alsoco-encapsulatedintoaformulationwithnon-codingmRNAtocontrolfortotalmRNA 

packingintotheLNP.ThediluentgroupreceivedmRNA-LNPdiluentbuffer.[IAJtitersare 

reportedforserumsamplestakenatstudydays-2(baseline),14,28and42.FIG.lOBonlyshows 

30 studydays-2(baselinefrompooledsera)and42.Firstinjectionwasgivenatstudyday0and 

8 

line 1owerlimitofquantitation.
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secondinjectiongivenatstudyday28. Barsaregeometricmeansandgeometricstandard 

deviations.Dashedline lowerlimitofquantitation.  

[00461 FIG.11showsthefunctionalverificationofmRNA-LNPFormulations.Panel(a)isa 

graphshowingtheexpressionoffirefly(FF)luciferaseinBALB/cmice:asingledoseof 

5 LuciferaseFFmRNA-LNP(5,1, 0.1, 0.05kg)wasinjectedinmice(n4)byIMroute.Luciferin 

(3mg)wasinjectedatthetimeofwholeanimalimagingusingIVISSpectrumPerkinElmer 

recordingbioluminescenceintensity.Imagesofwholeanimalaverageradianceat6,24,48and 

72hafterinjectionweretaken.Radiancerecordedfor1,0.5,0.1and0.05kgdoseadministrations 

ofLucmRNA-LNPareshowninthegraph.Panel(b)showswholeanimalimagesindicating 

10 totalfluxofluminescenceat6to72hours.Totalfluxofluminescenceingroupsofmice(n4) 

receiving0.1~gdoseofFF-LNPareshown.Panel(c)showstheexpressionofhEPOinBALB/c 

mice.AsingledoseofhEPOmRNA-LNP(0.1kg)wasinjectedinBALB/cmicebyIMroute.  

hEPOexpressionwasquantifiedinserumat6hoursand24hoursafteradministrationusing 

ELISA.Barsrepresentmeansandstandarddeviations.Panel(d)showstheexpressionofhEPO 

15 inNJJP.AsingledoseofhEPOmRNA-LNP(10kg)wasinjectedinCynomolgusmacaquesby 

IMroute. hEPOexpressionwasquantifiedinserumat6,24,48,72 and96hoursafter 

administrationusingELISA.Barsrepresentmeansandstandarddeviations.  

[00471 FIG.12showstheserologicalevaluationofEtAmRNA-LNPvaccineinmice.BALB/c 

mice(n8pergroup)wereimmunizedtwiceIM,4weeksapartwith2,0.4,0.08,and0.016kgof 

20 eitherCalO9HAmRNA-LNPorSingl6HAmRNA-LNP. ELISAtitersrecordedforsera 

panel)andSingi6H3N2influenzavirusrecombinantHA(rightpanel)areshown.  

[00481 FIG.13showstheserologicalevaluationofHAmRNA-LNPvaccineinmice.BALB/c 

mice(n8pergroup)wereimmunizedtwiceIM,4weeksapartwith2,0.4,0.08and0.016kgof 

25 eitherCAO9HAmRNA-LNPorSingl6HAmRNA-LNP. LogioHAltitersrecordedagainst 

CAO9H1N1influenzavirus(leftpanel)andSing16H3N2influenzavirus(rightpanel)areshown.  

[00491 FIG.14showstheserologicalevaluationofNAmRNA-LNPvaccineinmice.BALB/c 

mice(n8pergroup)wereimmunizedtwiceIM4weeksapartwith2,0.4,0.08,and0.016kgof 

eitherMichiSNAmRNA-LNPorSingl6NAmRNA-LNP.TotalJgGtitersrecordedforsera 

30 collectedatdays0,14,28,42,56againstMichi5NiinfluenzavirusrecombinantNA(leftpanel) 

andSing16N2virusrecombinantNA(rightpanel)areshown 

9 
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[00501 FIG.15showstheserologicalevaluationofNAmRNA-LNPvaccineinmice.BALB/c 

mice(n8pergroup)wereimmunizedtwiceIM4weeksapartwith2,0.4,0.08and0.016ggof 

eitherMichlSNAmRNA-LNPorSingl6NAmRNA-LNP.LogioNAJ(ELLA)titersrecorded 

forseraagainstMich2O15(Ni):A/Mallard/SwedenI2002(116)chimericinfluenzavirus(left 

5 panel)andSingi6(7N2):A/Mallard/SwedenI2002(116)chimericvirus(rightpanel)areshown.  

[00511 FIGs.16Aand16BshowtheprotectiveefficacyofCA09EtAmRNA-LNPvaccinein 

miceafterlethalA/Belgium/2009HiNiviruschallenge.Mice(n8)receivedtwoIMdosesof 

CAO9HAmRNA-LNP(0.4kgeach)onday0andday28.ControlanimalsreceivedtwoIMdoses 

ofdiluentonday0andday28. FIG.16AshowstheHAltitersreportedasLogioforserum 

10 samplestakenatstudydays0,14,28,42,56,92,and107.FIG.16Bshowsdailyweightsafter 

intranasalchallengeonday93with4LD 5 0 ofA/Belgium/2009HiNistrain.Weightsarepresented 

asthepercentageofweightlostfromthedayofchallenge.Individuallinesrepresenteachanimal.  

[00521 FIGs.17A-BshowtheprotectiveefficacyofasingledoseofunmodifiedMichi5NA 

mRNA-LNPinmiceafterlethalA/Belgium/2009HiNiviruschallenge. Mice(n16)were 

15 injectedbytheIMroutewith0.4kgor0.016ggofMichi5NAmRNA-LNP.Halfofthemice 

onlyreceivedoneinjection(1dose)onstudyday0,whiletheotherhalf(2doses)receivedtwo 

injectionsgivenatstudyday0andday28. ControlanimalsreceivedtwoIMdosesofhEPO 

mRNA-LNP(0.6fig)onday0andday28.FIG.17AshowstheNAJtitersarereportedasLogio 

forserumsamplestakenatstudydays0,14,28,42,56,88,and114.FIG.17Bshowsthedaily 

20 weightchangeafterintranasalchallengeonday89forsingledosegroupandday117(89days 

asthepercentageofweightlostfromthedayofchallenge.Individuallinesrepresenteachanimal.  

[00531 FIG.18showstheserologicalevaluationofHASing16HAmRNA-LNPvaccinein 

NHP.Cynomolgusmacaques(n6pergroup)wereinjectedtwice,4weeksapartbyIMroute, 

25 with15,45or135jigofSingl6HAmRNA-LNP.Serumsampleswerecollectedatdays-6,14, 

28,42,and56.LogioJgGtitersagainstrecombinantHAproteinofSingi6virusareshown.  

[00541 FIGs.19Aand19BshowtheserologicalevaluationofHASingl6HAmRNA-LNP 

vaccineinNHP.Cynomolgusmacaques(n6pergroup)wereinjectedtwice,4weeksapartby 

IMroutewith15,45or135jigofSingl6HAmRNA-LNP.Serumsampleswerecollectedat 

30 days0,14,28,42,and56.LogioHAltiters(FIG.19A)andLogiomicro-neutralization(MN) 

titers(FIG.19B)againstSing2O16virusareshown.  

10 
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[00551 FIGs.20Aand20BshowTcellresponsesinNEUPvaccinatedwithSingl6HAmRNA

LNPvaccine.Cynomolgusmacaques(n6pergroup)wereinjectedtwice,4weeksapartbyIM 

routewith45,135,or250~xgofSingl6HAmRNA-LNP.TcellsweredeterminedbyELISPOT 

onday42inPBMCstimulatedinvitrowithpeptidepoolstorepresenttheentireHAopenreading 

5 frame.TheresponsesofPBMCsecretingJFN-y(FIG.20A)orIL-13(FIG.20B)calculatedas 

spotsformingcells(SFC)permillionPBMCareshown.Eachsymbolrepresentsanindividual 

sampleandthebarrepresentthegeometricmeanforthegroup.  

[00561 FIG.21showsthesecretionofSingl6H3-specificJgGbymemoryBcellsonday180 

inNHPvaccinatedwithSingi6HAmRNA-LNPvaccine.Cynomolgusmacaques(n6pergroup) 

10 wereinjectedtwice,4weeksapartbyIMroutewith15or45ggofSingl6HAmRNA-LNP.The 

HumanJgGsingle-colormemoryBcellELISPOTkit(CAT#NC1911372,CTL)wasusedto 

measureSing16/H3-specificandtotalJgG~antibody-secretingcells(ASCs).Differentiationof 

MBCsintoASCswasperformedinPBMCcollectedatday180byusingastimulationcocktail 

providedbythekit.ThenumberofJgG~andnumberofSingl6/H3-specificASCswascalculated 

15 permillionofPBMCsforeachanimalandthefrequencyofantigen-specificASCsisshown.  

[00571 FIG.22showsthedeliveryofbivalentcombinationsofinfluenzavaccineinmice.  

BALB/cmice(n8pergroup)wereimmunizedtwiceIM4weeksapartwithatotal0.4jigof 

bivalentcombinationsco-encapsulatedmRNAtranscripts(1:1wt/wthalfvolumepereachleg)or 

0.2jigeachmonovalentwhichwasseparatelyformulatedandimmunizeddifferentlegs.H1H3 

20 comboconstitutingCAO9HAmRNA-LNPSingl6HAmRNA-LNP;H3N2comboofSingl6HA 

PerthO9NAmRNA-LNPweretestedinseracollectedaday0,14,28,42,againstcorresponding 

virus.Panel(a)showsHAltitersrecordedagainstCAO9HiN1influenzavirusandSing2O16 

H3N2. Panel(b)showstheHAlandNAJtitersrecordedagainstSing2O16H3N2and 

25 A/Mallard/Sweden/2002(H6)chimericinfluenzavirusandH6N2A/PertbIO9virusF1919D(N2) 

virus, respectfully. Panel (c) shows NAJ tigers recorded against Mich15 (N1): 

A/Mallard/Sweden/2002(H6)chimericinfluenzavirusandH6N2A/PertbIO9virusF1919D(N2) 

virus.  

[00581 FIG.23showsthedeliveryofquadrivalentcombinationsofinfluenzavaccinesinNHP.  

30 Cynomolgusmacaques(n6pergroup)wereimmunizedtwiceIM,4weeksapartwithatotal10 

jigofquadrivalentcombinationsofco-encapsulatedmRNAtranscripts(1:1:1:1 wt/wt).  

11 
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H2113N1N2comboconsistingofCAO9[IAmRNASingl6HAmRNAMichlSNAmRNAand 

PerthO9NAmRNA.111113comboconstitutingCAO9HAmRNASingl6HAmRNAand2x 

non-codingmRNA(ncmRNA);H3N2comboofSingl6HAmRNAandPerthO9NAmRNAand 

2xnon-codingmRNA.N1N2comboofMichl5NAmRNAPcrthO9NAmRNA-LNPand2x 

5 non-codingmRNA.HiconsistingofCAO9HAmRNAand3xnon-codingmRNA.H3consisting 

ofSingl6HAmRNAand3xnon-codingmRNA.NiconsistingofMichi5NAmRNAand3x 

non-codingmRNA.N2consistingofPcrthO9NAmRNAand3xnon-codingmRNA.Inhibitory 

titersweretestedinseracollectedaday0,i4,28,42,againstcorrespondingvirus.Panel(a) 

showstheHAltitersrecordedagainstCAO9HiNiinfluenzavirusandSingi6H3N2.Panel(b) 

i0 showstheNAJtitersrecordedagainstMichi5(Ni):A/Mallard/SwedenI2002(H6)chimeric 

influenzavirusandH6N2PertbIO9virusFi9i9D(N2)virus.  

[00591 FIG.24depictsagraphshowingtheexpressionofhumanerythropoietin(hEPO)inmice 

treatedwithvariousLNPformulationsofhEPOmRNA.LNPformulations"LipidA" "LipidB 

"LipidC" "LipidD" and"LipidB areshown.Barsrepresentmeansandstandarddeviations.  

i5 TheLNPcompositionscontainthecationiclipidDMG-PEG2000,cholesterolandDOPEinthis 

orderatamolarratioof40:i.5:28.5:30.  

[00601 FIG.25depictsagraphshowingtheexpressionofhEPOinnon-humanprimates(NHPs) 

treatedwithvariousLNPformulationsofhEPOmRNA.LNPformulations"LipidA" "LipidB 

"LipidC" "LipidD" and"LipidB areshown.Barsrepresentmeansandstandarddeviations.  

20 TheLNPcompositionscontainthecationiclipidDMG-PEG2000,cholesterolandDOPEinthis 

[00611 FIG.26depictsagraphshowingHAltitersatday28andday42postinjectionwith 

vanousLNPformulationsofHAmRNA.LNPformulations"LipidA,""LipidB" "LipidC 

"LipidD and"LipidB"areshown.Barsrepresentmeansandstandarddeviations.TheLNP 

25 compositionscontainthecationiclipidDMG-PEG2000,cholesterolandDOPEinthisorderat 

amolarratioof40:i.5:28.5:30.  

[00621 FIG.27depictsagraphshowingCalO9HiHAltitersatday28andday42postinjection 

withvariousLNPformulationsofHAmRNA.LNPformulations'LipidA" "LipidB" "Lipid 

C" "LipidD" and"LipidE"areshown.Barsrepresentmeansandstandarddeviations.TheLNP 

i2 

orderatamolarratioof40:i.5:28.5:30.
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compositionscontainthecationiclipidDMG-PEG2000,cholesterolandDOPEinthisorderat 

amolarratioof40:1.5:28.5:30.  

[00631 FIG.28depictsagraphshowingSingi6113[IAJtitersatday28andday42postinjection 

withvariousLNPfonmiationsofHAmRNA.LNPformulations'LipidA" "LipidB" "Lipid 

5 C" "LipidD" and"LipidB"areshown.Barsrepresentmeansandstandarddeviations.TheLNP 

compositionscontainthecationiclipidDMG-PEG2000,cholesterolandDOPEinthisorderat 

amolarratioof40:1.5:28.5:30.  

[00641 FIG.29depictsRSVFproteinantibodytitersinNEUPsimmunizedwiththeFD3Fprotein 

expressingmRNA.ThemRNAwasdeliveredwithlipidnanoparticles(LNPs)containingoneof 

10 severalcationiclipids.Theantibodytitersweremeasuredatday0,21and35foreachantigenic 

composition.  

[00651 FIG.30depictsRSVneutralizationtitersinNUPsimmunizedwiththeFD3Fprotein 

expressingmRNA.ThemRNAwasdeliveredwithlipidnanoparticles(LNPs)containingoneof 

severalcationiclipids.Theantibodytitersweremeasuredatday0,21and35foreachantigenic 

15 composition.  

[00661 FIG.31depicts[IAJtitersforquadrivalentandoctavalentmRNA-LNPvaccines 

administeredtomicefor4differentinfluenzastrains.  

[00671 FIG.32depictshINTvaluesforquadrivalentandoctavalentmRNA-LNPvaccines, 

administeredtoferretsfor4differentinfluenzastrains.  

20 [00681 FIG.33depictsNAJtitersforquadrivalentandoctavalentmRNA-LNPvaccines, 

[00691 FIG.34depictsNAJtitersforquadrivalentandoctavalentmRNA-LNPvaccines, 

administeredtoferretsfor4differentinfluenzastrains.Sampleswereobtainedonday20(D20) 

aftertheseconddoseofvaccine.  

25 [0070J FIG.35depictsNAJtitersforquadrivalentandoctavalentmRNA-LNPvaccines, 

administeredtoferretsfor4differentinfluenzastrains.Sampleswereobtainedonday42(D42) 

aftertheseconddoseofvaccine.  

[0071J FIG.36depictsmicroneutralizationtitersforSing1ELlA-encodingmRNAinaLipidA 

LNPformulationadministeredtoNEUPsat15jigand45jigdoses.Sampleswereobtainedonday 

30 6(D6)andday42(D42)aftertheseconddoseofvaccine.  

13 
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[0072J FIG.37depictsmicroneutralizationtitersforSing1611A-encodingmRNAinaLipidB 

LNPformulationadministeredtoNEUPsat15jigand45jigdoses.Sampleswereobtainedonday 

6(D6)andday42(D42)aftertheseconddoseofvaccine.  

5 DETAILEDDESCRIPTIONOFTHEINVENTION 

[00731 Thepresentdisclosureprovidesnovellipidnanoparticle(LNP)formulationsfor 

deliveringmRNAvaccinesinvivoandmethodsofmakingthevaccines.TheLNPsaremadeofa 

mixtureoffourlipids:acationiclipidapolyethyleneglycol(PBG)-conjugatedlipidacholesterol

basedlipidandahelperlipid.TheLNPsencapsulatemRNAmolecules.TheencapsulatedmRNA 

10 moleculescanbecomprisedofnaturally-occurringribonucleotides chemicallymodified 

nucleotidesoracombinationthereotandcaneachorcollectivelycodeforoneormoreproteins.  

[00741 Theinventorshavediscoveredthepresentformulationsthroughscreeningcombinatorial 

librariesoflipidcomponents.ThepresentLNPsencapsulateandprotectthemRNApayloadfrom 

degradationandfacilitatecellularuptakeoftheencapsulatedmRNA.TheLNPsdescribedherein 

15 haveenhancedtransfectionefficiencypromoteendosomalescapeofthemRNAandconsequently 

haveimprovedpotencyasdemonstratedbyenhancedexpressioninvitoandinvitrowhen 

comparedtoindustrialformulationsdescribedinliterature. ForexampletheLNPsdisclosed 

hereinhavesuperiorstabilityand/orpotencyprofilescomparedtoknownLNPse.g., 

heptatriaconta-6,9,28,31-tetraen-19-yl4-(dimethylamino)butanoate(akaDLin-MC3-DMAor 

(dimethylamino)butanoyl)oxy)heptadecanedioate(akaL319;Maieretal.,MolTher.(2013) 

21(8):1570-8). AsfurtherdescribedbelowthepresentformulationsencapsulatinganmRNA 

encodinghEPOwhendeliveredinvivoledtohighlevelsoferythropoietincirculatinginbloodat 

6hoursand24hourswithanupto12-foldincreaserelativetotheindustrialstandardtheMC3 

25 LNPformulation. SimilarlyhighpotencyhasbeenfoundwithothermRNAssuchasthose 

encodinginfluenzaantigensinbothmurineandnon-humanprimatemodels.  

[00751 ThemRNAvaccinesasformulatedhereincanbeusedtoinduceabalancedimmune 

responsecomprisingbothcellularandhumoralimmunity.Becausetheadvantagesofthepresent 

LNPformulationsarenotsequence-specifictheseformulationscanbeusedtodelivermRNAs 

30 thatencodeavarietyofantigensallowingrapiddeploymentinepidemicorpandemicsituations.  

14 
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FurtherthepresentLNP-fonmlatedmRNAvaccinesarehighlyimmunogenicandtherefore 

providesignificantdosesparingpossibility.  

I.CompositionsofthePresentLipidNanoparticles 

5 [00761 ThepresentLNPscomprisefourcategoriesoflipids:(i)anionizablelipid;(ii)a 

PEGylatedlipid;(iii)acholesterol-basedlipidand(iv)ahelperlipid.  

A.IonizableLipids 

[00771 AnionizablelipidfacilitatesmRNAencapsulationandmaybeacationiclipid.Acationic 

lipidaffordsapositivelychargedenvironmentatlowp11tofacilitateefficientencapsulationofthe 

10 negativelychargedmRNAdrugsubstance.  

[00781 InsomeembodimentsthecationiclipidisOF-02: 

/ 

I 

HO 0 
N 

N 

OF-02 

Formula(I) 

15 

0 OH
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OF-02isanon-degradablestructuralanalogofOF-Deg-Lin.OF-Deg-Lincontainsdegradable 

esterlinkagestoattachthediketopiperazinecoreandthedoubly-unsaturatedtailswhereasOF-02 

containsnon-degradable1,2-amino-alcohollinkagestoattachthesamediketopiperazinecoreand 

thedoubly-unsaturatedtails(Fentonetal.,AdvMater(2016)28:2939;U.S.Pat.10,201,618).An 

5 exemplaryLNPformulationhereinLipidAcontainsOF-2.  

[00791 InsomeembodimentsthecationiclipidiscKK-E1O(Dongetal PNAS(2014) 

111(11):3955-60;U.S.Pat.9,512,073): 

OH 

0 

HN 

NH 

N HO 

0 

OH 

cKK-E1O 

AnexemplaryLNPformulationhereinLipidBcontainscKK-E10.  

[00801 InsomeembodimentsthecationiclipidisGL-JJEPES-E3-E1O-DS-3-E18-1(2-(4-(2-((3

(Bis((Z)-2-hydroxyoctadec-9-en-1-yl)amino)propyl)disulfaneyl)ethyl)piperazin-1-yl)ethyl 4

15 (bis(2-hydroxydecyl)amino)butanoate),whichisaJIEPES-baseddisulfidecationiclipidwitha 

piperazinecorehavingtheFormulaJIb 

16 
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OH OH 

N 
0 NNsrS~rte~%~eN 

OH HO 

Formula(III) 

AncxcmplaryLNPformulationhcrcinLipidCcontainsGL-JJEPES-E3-E1O-DS-3-E18-1. Lipid 

ChasthesamecompositionasLipidAorLipidBbutforthedifferenceinthecationiclipid.  

5 [00811 InsomeembodimentsthecationiclipidisGL-LLEPES-E3-E12-DS-4-E1O(2-(4-(2-((3

(his(2-hydroxydecyl)amino)butyl)distilfaneyl)ethyl)piperazin-1-yl)ethyl 4-(bis(2

hydroxydodecyl)amino)butanoate),whichisaHEPES-baseddisulfidecationiclipidwitha 

U 

piperazinecorehavingtheFormulaTV.  

0 
0 N 

HO 
N 

HO N 
OH N 

10 

Formula(IV) 

AnexemplaryLNPformulationhereinLipidDcontainsGL-HEPES-E3-E12-DS-4-E1O.Lipid 

DhasthesamecompositionasLipidAorLipidBbutforthedifferenceinthecationiclipid.  

15 [00821 InsomeembodimentsthecationiclipidisGL-LLEPES-E3-E12-DS-3-E14(2-(4-(2-((3

(Bis(2-hydroxytetradecyl)amino)propyl)disulfaneyl)ethyl)piperazin-1-yl)ethyl 4-(bis(2

17 

s-s
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hydroxydodecyl)amino)butanoate),whichisaHEPES-baseddisulfidecationiclipidwitha 

piperazinecorehavingtheFormulaV: 

OH 

N HO 
N 

N 
OH 

Formula(V) 

5 

AnexemplaryLNPfonmiationhereinLipidBcontainsGL-LLEPES-E3-E12-DS-3-E14.Lipid 

BhasthesamecompositionasLipidAorLipidBbutforthedifferenceinthecationiclipid.  

[00831 ThecationiclipidsGL-JJEPES-E3-E1O-DS-3-E18-1(III),GL-JJEPES-E3-E12-DS-4

B10(IV),andGL-LLEPES-E3-B12-DS-3-E14(V)canbesynthesizedaccordingtothegeneral 

18 

10 proceduresetoutinScheme1:
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Scheme1:GeneralSyntheticSchemeforLipidsofFormulas(III),(IV),and(V) 

H SNN H 
N QVNNVr~SH N 5- rt9 <N~x~~~5-S N 

(VI) Zr 

TBSO% 0 
N OH 

TBSO TBSOTh 0 SN 
________________ N (VII) 

TBSO 
RI 

HO0 N2y~taNt~SSNbN 
N 

HO R (VIII) 

HO I OH 
HO NpSH HOR 0 CN~-'5 ~ S N 

N OH 

100841OthercationiclipidsthatcanbeusedincludethosedescribedinDongsupra~andU.S.  

S Pat.10,201,618.  

B.PEGylatedLipids 

[0085JThePEGylatedlipidcomponentprovidescontroloverparticlesizeandstabilityofthe 

nanoparticle.Theadditionofsuchcomponentsmaypreventcomplexaggregationandprovide 

ameansforincreasingcirculationlifetimeandincreasingthedeliveryofthelipid-nucleicacid 

10pharmaceuticalcompositiontotargettissues(Kilibanovetal.,FEBSLetters(1990)268 

(1):235-7).Thesecomponentsmaybeselectedtorapidlyexchangeoutofthepharmaceutical 

compositioninvivo(seee.g.,U.S.Pat.5,885,613).  

[0086JContemplatedPEGylatedlipidsincludebutarenotlimitedto, apolyethyleneglycol 

(PEG)chainofupto5kDainlengthcovalentlyattachedtoalipidwithalkylchain(s)of 

15C6 -C2 0 (e.g.,C8 ,C1 0 ,C1 2 ,C1 4 ,C1 6 ,orC1 8 )lenghtsuchasaderivatizedceramide(e.g.,N

octanoyl-sphingosine-1-[succinyl(methoxypolyethyleneglycol)](C8PEGceramide)).Insome 

19 
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embodimentsthePEGylatedlipidis1,2-dimyristoyl-rac-glycero-3-methoxypolyethyleneglycol 

(DMG-PEG); 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-polyethylene glycol (DSPE

PEG)31,2-dilauroyl-sn-glycero-3-phosphoethanolamine-polyethyleneglycol(DLPE-PEG);or 

1,2-distearoyl-rac-glycero-polyetheleneglycol(DSG-PEG).  

5 [00871 InparticularlyexemplaryembodimentsthePEGhasahighmolecularweighte.g.,2000

2400g/mol. InsomeembodimentsthePEGisPEG2000(orPEG-2K). Inparticular 

embodimentsthePEGylatedlipidhereinisDMG-PEG2000,DSPE-PEG2000DLPE-PEG2000, 

DSG-PEG2000,orCSPEG2000.  

C.Cholesterol-BasedLipids 

10 [00881 Thecholesterolcomponentprovidesstabilitytothelipidbilayerstructurewithinthe 

nanoparticle. InsomeembodimentstheLNPscompriseoneormorecholesterol-basedlipids.  

Suitable cholesterol-based lipids include for example: DC-Choi (NN-dimethyl-N

ethylcarboxamidocholesterol), 1,4-bis(3-N-oleylamino-propyl)piperazine(Gaoetal., Biochem 

BiophysResComm.(1991)179:280 Wolfetal.,BioTechniques(1997)23:139 U.S.Pat.  

15 5,744,335),imidazolecholesterolester("JCE" WO2011/068810),f3-sitosterolfucosterol, 

stigmasterolandothermodifiedformsofcholesterol. Insomeembodimentsthecholesterol

basedlipidusedintheLNPsischolesterol.  

D.HelperLipids 

[00891 AhelperlipidenhancesthestructuralstabilityoftheLNPandhelpstheLNPinendosome 

20 escape.ItimprovesuptakeandreleaseofthemRNAdrugpayload.Insomeembodimentsthe 

of the drug payload. Examples of helper lipids are 1,2-dioleoyl-SN-glycero-3

phosphoethanolamine (DOPE); 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC); 1,2

dioleoyl-sn-glycero-3-phospho-L-serine (DOPS); 1,2-dielaidoyl-sn-glycero-3

25 phosphoethanolamine (DEPE); and 1,2-dioleoyl-sn-glycero-3-phosphocholine (DPOC), 

dipalmitoylphosphatidylcholine(DPPC), 1,2-dilauroyl-sn-glycero-3-phosphocholine(DLPC), 

1,2-Distearoylphosphatidylethanolamine (DSPE), and 1,2-dilauroyl-sn-glycero-3

phosphoethanolamine(DLPE).  

[00901 Other exemplary helper lipids are dioleoylphosphatidylcholine (DOPC), 

30 dioleoylphosphatidylglycerol (DOPG), dipalmitoylphosphatidylglycerol (DPPG), 

palmitoylo1eoylphosphatidylcholine (POPC), palmitoyloleoyl-phosphatidylethanolamine 

20 

helperlipidisazwifferioniclipidwhichhasfusogenicpropertiesforenhancinguptakeandrelease
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(POPE), dioleoyl-phosphatidylethanolamine4-(N-maleimidomethyl)-cyclohexane-1-carboxylate 

(DOPE-mal), dipalmitoylphosphatidylethanolamine(DPPB), dimyristoylphosphoethanolamine 

(DMPE),phosphatidylserinesphingolipidscerebrosidesgangliosides,16-0-monomethylPB, 

16-0-dimethylPB,18-1-transPBl-stearoyl-2-oleoyl-phosphatidyethanolamine(SOPE),ora 

5 combinationthereof 

[00911 InparticularembodimentsthehelperlipidisDOPE.Inftrntherembodimentsthepresent 

LNPscomprise(i)acationiclipidselectedfromOF-02,cKK-E1OGL-JJEPES-E3-E1O-DS-3

B18-1, GL-JJEPES-E3-E12-DS-4-E10,orGL-JJEPES-E3-B12-DS-3-B14;(ii)DMG-PEG2000; 

(iii)cholesterol;and(iv)DOPE.  

10 E.MolarRatiosoftheLipidComponents 

[00921 Theinventorshavediscoveredthatspecificmolarratiosoftheabovecomponentsare 

importantfortheLNPseffectivenessindeliveringmRNA.Themolarratioofthecationiclipid, 

thePEGylatedlipidthecholesterol-basedlipidandthehelperlipidisA:B:C:DwhereA+B+ 

C+D 1000o.InsomeembodimentsthemolarratioofthecationiclipidintheLNPsrelativeto 

15 thetotallipids(i.e.,A)is35~450o(e.g.,38~420osuchas400o). Insomeembodimentsthemolar 

ratioofthePEGylatedlipidcomponentrelativetothetotallipids(i.e.,B)is0.25~2.750o(e.g.,1

20osuchas1~50o).Insomeembodimentsthemolarratioofthecholesterol-basedlipidrelativeto 

thetotallipids(i.e.,C)is20~350o(e.g.,27~300osuchas28.50o).Insomeembodimentsthemolar 

ratioofthehelperlipidrelativetothetotallipids(i.e.,D)is25~350o(e.g.,28~320osuchas300o).  

20 Insomeembodimentsthe(PEGylatedlipid+cholesterol)componentshavethesamemolar 

lipidtothehelperlipidthatismorethan1.  

[00931 InparticularembodimentstheLNPscontainacationiclipidaPEGylatedlipida 

cholesterol-basedlipidandahelperlipidatamolarratioof40:1.5:28.5:30.Infurtherspecific 

25 embodimentstheLNPscontain(i)OF-02,cKK-E1OGL-IJEPES-E3-E1O-DS-3-E18-1,GL

HEPES-E3-E12-DS-4-E10, or GL-JJEPES-E3-E12-DS-3-E14, (ii) DMG-PEG2000 (iii) 

cholesterol;and(iv)DOPEat40:1.5:28.5:30.  

[00941 TocalculatetheactualamountofeachlipidtobeputintoanLNPformulationthemolar 

amountofthecationiclipidisfirstdeterminedbasedonadesiredN/PratiowhereNisthenumber 

30 ofnitrogenatomsinthecationiclipidandPisthenumberofphosphategroupsinthemRNAto 

betransportedbytheLNP.Nextthemolaramountofeachoftheotherlipidsiscalculatedbased 
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onthemolaramountofthecationiclipidandthemolarratioselected.Thesemolaramountsare 

thenconvertedtoweightsusingthemolecularweightofeachlipid.  

F.ActiveIngredientsoftheLNPs 

[00951 TheactiveingredientofthepresentLNPvaccinecompositionisanmRNAthatencodes 

5 anantigenofinterest. Theantigenmaybeapolypeptidederivedfromavirusforexample, 

influenzaviruscoronavirus(e.g.,SARS-CoV-1 SARS-CoV-2,orMERS-relatedvirus),Ebola 

virusDenguevirushumanimmunodeficiencyvirus(lily),hepatitisAvirus(hAy),hepatitisB 

virus(IIIBV),hepatitisCvirus(HICV),herpessimplexvirus([ISV),respiratorysyncytialvirus 

(RSV),rhinoviruscytomegalovirus(CMV),zikavirushumanpapillomavirus(IJPV),human 

10 metapneumovirus(hMPV),humanparainfluenzavirustype3(PIV3),Epstein-Barrvirus(EBV), 

chikungunyavirusorrespiratorysyncytialvirus(RSV).  

[00961 TheantigenalsomaybederivedfromabacteriumforexampleStaphylococcusaureus 

Moraxella(e.g.,Moraxellacatarrhaliscausingotitisrespiratoryinfectionsand/orsinusitis), 

Chiamydiatrachomatis(causingchlamydia),borrelia(e.g.,BorreliaburgdorfericausingLyme 

15 Disease),Bacillusanthracis(causinganthrax),Salmonellatyphi(causingtyphoidfever), 

Mycobacteriumtuberculosis(causingtuberculosis),Propionibacteriumacnes(causingacne),or 

non-typeableHaemophilusinfluenzae.  

[00971 WheredesiredtheLNPortheLNPformulationmaybemulti-valent. Income 

embodimentstheLNPmaycarrymRNAsthatencodemorethanoneantigensuchastwothree, 

20 fourfivesixseveneightninetenormoreantigensfromthesameordifferentpathogens.For 

carryapolycistronicmRNAthatcanbetranslatedintomorethanoneantigen(e.g.,eachantigen

codingsequenceisseparatedbyanucleotidelinkerencodingaself-cleavingpeptidesuchasa2A 

peptide).AnLNPcarryingdifferentmRNAmoleculestypicallycomprises(encapsulate)multiple 

25 copiesofeachmRNAmolecule.ForexampleanLNPcarryingorencapsulatingtwodifferent 

mRNAmoleculestypicallycarriesmultiplecopiesofeachofthetwodifferentmRNAmolecules.  

[00981 InsomeembodimentsasingleLNPformulationmaycomprisemultiplekinds(e.g.,two, 

threefourfivesixseveneightninetenormore)ofLNPseachkindcarryingadifferent 

mRNA.  

30 [00991 Examplesofmulti-valentLNPvaccinesarethosecontainingmRNAsencodingtwoor 

moreantigensfromtheabove-listedpathogenssuchasLNPvaccinescomprisingmRNAs 
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encodingpolypeptidesderivedfrominfluenzavirus.Insomeembodimentsthemulti-valentLNP 

vaccinescontainmRNAmoleculesencodingpolypeptidesderivedfromtwoormore(e.g.,three, 
a 

fourfivesixseveneightnineorten)influenzaviralproteinsselectedfromhemagglutinin(e.g., 

hemagglutinin1(HAl)andhemagglutinin2(11A2)),neuraminidase(NA),nucleoprotein(NP), 

5 matrixprotein1(M1),matrixprotein2(M2),nonstructuralprotein1(NS1),andnon-structural 

protein2(NS2).Infurtherembodimentsthemulti-valentLNPvaccinescontainingtwoormore 

(e.g.,threefourfivesixseveneightormore)mRNAmoleculesencodingantigenicpolypeptides 
derivedfroman[IAproteinfromanNAproteinandfrombothHAandNAproteins.Insome 

embodimentsthemRNAmoleculesencodingantigenicpolypeptidesarederivedfromdifferent 

10 influenzastrains.  

[001001IncertainembodimentsthecompositionmaycompriseoneormoremRNAmolecules 

encodingantigensofinfluenzaABandCviruses.Inoneembodimentthecompositionmay 

compriseoneormoremRNAmoleculesencodingHAand/orNAantigensofinfluenzaAand 

influenzaBviruses.InoneembodimenttheHAantigensofinfluenzaAvirusesareselectedfrom 

15 subtypesHlH2,H3,H4,H5,H6H7,H8,H9,H1OH11,H12,H13,H14,H1SH16,H17,and 

H18. InoneembodimenttheNAantigensofinfluenzaAvirusesareselectedfromsubtypesN1, 

N2,N3N4,NSN6,N7,N8N9,N1OandNi1.InoneembodimenttheHAandNAantigens 

ofInfluenzaBvirusesarefromtheInfluenzaB/Yamagatalineage.InoneembodimenttheHA 

andNAantigensofInfluenzaBvirusesarefromtheInfluenzaB/Victorialineage. Income 

20 embodimentstheoneormoreHAandNAantigensarefrominfluenzavirusstrainsrecommended 

formulations.  

[001011Incertainembodimentsatleastoneoftheoneormoreinfluenzavirusproteinscomprises 

aninfluenzavirusHAproteinand/oraninfluenzavirusNAproteinhavingamolecularsequence 

25 identifiedordesignedfromamachinelearningmodelandincertainembodimentsatleastoneof 

theoneormoreribonucleicacidmoleculesencodeoneormoreinfluenzavirusproteinshavinga 

molecularsequenceidentifiedordesignedfromamachinelearningmodel.  

[001021Incertainembodimentsthecompositioncomprisestwothreefourfivesixseven 

eightnineormoremRNAmoleculesencoding(i)oneormoreHAantigens,(ii)oneormoreNA 

30 antigensor(iii)acombinationofoneormoreHAantigensandNAantigens.  

23 
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[001031Inoneembodimentthecompositioncomprisestwothreefourfivesixseveneight, 

nineormoremRNAmoleculesencoding(i)oneormore[IAantigens,(ii)oneormoreNA 

antigensor(iii)acombinationofoneormoreHAantigensandNAantigensselectedfromHiN1, 
113N2,[12N2,115N1,[17N9,117N7JI1N2[19N2[17N2,117N3,[15N2,and1110N7subtypes 

, , 

5 and/orB/YamagataandB/Victorialineages.  

[001041InoneembodimentthecompositioncomprisesonemRNAmoleculeencodingan113 

HAantigenonemRNAmoleculeencodinganHiHAantigenonemRNAmoleculeencodingan 

HAantigenfromtheInfluenzaB/YamagatalineageandonemRNAmoleculeencodinganHA 

antigenfromtheInfluenzaB/Victorialineage.  

10 [001051InoneembodimentthecompositioncomprisesonemRNAmoleculeencodingan113 

HAantigenonemRNAmoleculeencodinganN2NAantigenonemRNAmoleculeencodingan 

HiHAantigenonemRNAmoleculeencodinganNiNAantigenonemRNAmoleculeencoding 

anHAantigenfromtheInfluenzaB/YamagatalineageonemRNAmoleculeencodinganNA 

antigenfromtheInfluenzaB/YamagatalineageonemRNAmoleculeencodinganHAantigen 

15 fromtheInfluenzaB/VictorialineageandonemRNAmoleculeencodinganNAantigenfromthe 

InfluenzaB/Victorialineage.  

[001061InanembodimentthecompositioncomprisesfurthercompriseoneormoremRNA 

moleculesencodingamachinelearninginfluenzavirusHAhavingamolecularsequenceidentified 

ordesignedfromamachinelearningmodelwhereintheoneormoremachinelearninginfluenza 

20 virusHAmaybeselectedfromanHiHAanH3HAanHAfromaB/VictorialineageanHA 

[001071WhenselectingoneormoremachinelearninginfluenzavirusHAsanymachinelearning 

algorithmmaybeused.Forexampleenvisionedhereinareanyofthemachinelearningalgorithms 

andmethodsdisclosedinPCTApplicationNos.WO202i/080990AientitledSystemsand 

25 MethodsforDesigningVaccinesandWO202i/080999AientitledSystemsandMethodsfor 

PredictingBiologicalResponsesbothofwhichareincorporatedbyreferenceintheirentireties 

a 

[001081ThemRNAmoleculemaybeunmodified(i.e.,containingonlynaturalribonucleotides 

AUCand/orGlinkedbyphosphodiesterbonds),orchemicallymodified(e.g.,including 

30 nucleotide analogs such as pseudouridines (e.g., N-i-methyl pseudouridine), 2'-fluoro 

24 

fromaB/Yamagatalineageoracombinationthereof



WO20221099003 PCT/IJS2021/058250 

ribonucleotidesand2'-methoxyribonucleotidesand/orphosphorothioatebonds).ThemRNA 

moleculemaycomprisea5'capandapolyAtail.  
a 

[001091RSV F Protein: 

[001101Respiratorysyncytialvirus(RSV)isanegative-sensesingle-strandedRNAvirus 

5 belongingtothePneumoviridaefamily.RSVcancauseinfectionoftherespiratorytract.RSVis 

anenvelopedviruswithaglycoprotein(Gprotein),smallhydrophobicprotein(SEprotein),and 

afusionprotein(Fprotein)onthesurface.  

[001111TheRSVFproteinisresponsibleforfusionofviralandhostcellmembranesandtakes 

onatleastthreeconformations(pre-fusionintermediateandpost-fusionconformations).Inthe 

10 pre-fusionconformation(pre-fusionPre-F),theFproteinexistsinatrimericformwiththemajor 

antigenicsite0exposed.Site0servesasaprimarytargetofneutralizingantibodiesproducedby 

a subjects(seeCoultasetal Thorax.74:986-993.2019;McLellanetal.,Science.  

340(6136):1113-7.2013).AfterbindingtoitstargetonthehostcellsurfacePre-Fundergoesa 

conformationalchangeduringwhichsite0isnolongerexposed.Pre-Ftransitionsintoatransient 

15 intermediateconformationenablingtheFproteintoinsertintothehostcellmembraneleadingto 

fusionoftheviralandhostcellmembranes.Afinalconformationalshiftresultsinamorestable 

andelongatedformoftheprotein(post-fusionPost-F).SiteIIandSiteIVoftheFproteinare 

specifictoPost-FwhileSiteIispresentinboththePre-FandPost-Fconformations(McLellanet 

al.,J.Virol.85(15):7788-7796.2011).  

20 [001121Asusedhereintheterm"F a ,, or'RSVFprotein"referstotheproteinofRSV 

[001131Asusedhereintheterm"RSVFpolypeptide"or"Fpolypeptide"referstoapolypeptide 
a 

comprisingatleastoneepitopeofFprotein.  

[001141Asusedhereintheterm post-fusion"withrespecttoRSVFreferstoastable 

25 conformationofRSVFthatoccursaftermergingofthevirusandcellmembranes.  

[001151Asusedhereinthetermpre-fusion"withrespecttoRSVFreferstoaconformationof 

RSVFthatisadoptedbeforevirus-cellinteraction.  

[001161ProvidedhereinaremRNAmoleculesthatencodeforantigenicRSVFpolypeptides.  

[001171InsomeembodimentsthemRNAmoleculecomprisesanopenreadingframe(ORF) 

30 encodingarespiratorysyncytialvirus(RSV)Fproteinantigen.  

25 

responsiblefordrivingfusionoftheviralenvelopewithhostcellmembraneduringviralentry.
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[001181InsomeembodimentstheRSVFproteinantigencomprisesasequencehavingatleast 
8500~9000~9500~970~, 980~, 990~, or9950oa 

toanaminoacidsequencesetforthinSEQ 

IDNO:16.  

[001191InsomeembodimentstheRSVFproteinantigencomprisesanaminoacidsequencewith 

5 atleast980oidentitytoSEQIDNO:16orconsistsofanaminoacidsequenceofSEQIDNO:16.  

[001201InsomeembodimentsthemRNAcomprisesanucleicacidsequencewithatleast800o, 

atleast850oatleast90%,atleast91%,atleast920oatleast930~,atleast 9 4 0 oatleast95%,at 

least960oatleast970oatleast980oatleast990oor1000oidentitytothenucleicacidsequence 

setforthinSEQIDNO:17.  

10 [001211InsomeembodimentsthemRNAcomprisesanucleicacidsequencewithatleast800o, 

atleast850oatleast90%,atleast91%,atleast920oatleast930~,atleast 9 4 0 oatleast95%,at 

least960oatleast970oatleast980oatleast990oor1000oidentitytothenucleicacidsequence 

setforthinSEQIDNO:21.  

[001221InsomeembodimentstheRSVFproteinantigenisapre-ftssionprotein.  

15 [001231InsomeembodimentswhereintheORFiscodonoptimized.  

[001241InsomeembodimentswhereinthemRNAmoleculecomprisesatleastone5' 

untranslatedregion(5' UTR),atleastone3 untranslatedregion(3' UTR),andatleastone 

polyadenylation(poly(A))sequence.  

[001251InsomeembodimentsthemRNAcomprisesatleastonechemicalmodification.  

20 [001261Insomeembodimentsatleast200oatleast300oatleast400~, atleast50~oatleast600o, 

inthemRNAarechemicallymodified.  

[001271Insomeembodimentsatleast200oatleast300oatleast400~, atleast50~oatleast600o, 

atleast700~,atleast800oatleast850oatleast900oatleast950oor100~ooftheuracilnucleotides 

25 intheORFarechemicallymodified.  

[001281Insomeembodimentsthechemicalmodificationisselectedfromthegroupconsisting 

ofpseudouridineN1-methylpseudouridine2-thiouridine4'-thiouridine,5-methylcytosine2

thio-l-methyl-1-deaza-pseudouridine,2-thio-l-methyl-pseudouridine,2-thio-5-aza-uridine,2-thio

dihydropseudouridine 2-thio-dihydrouridine 2-thio-pseudouridine, 4-methoxy-2 o

30 Pseudouridine, 4-methoxy-pseudouridine o-1-methyl-pseudouridine 4-thio-pseudouridine, 

26 
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5-aza-uridine, dihydropseudouridine5-methyluridine, 5-methyluridine, 5-methoxyaridine, and 

2'-0-methyluridine.  

[001291Insomeembodimentsthechemicalmodificationisselectedfromthegroupconsisting 

of pseudouridine, N1-methylpseudouridine 5-methylcytosine, 5-methoxyaridine, and a 

5 combination thereof In some embodiments, the chemical modification is Ni

methylpseudouridine.  

[001301InsomeembodimentsthemRNAcomprisesofthefollowingstructuralelements: 

(i)a5' capwiththefollowingstructure: 

0 

N NH 
OH OH KIN~NH2 

0 0 0 N 
II II II 

0-P-O-P-0-P-0 
I I I 

H2N N N 0- 0 

0 0 
HN 

-0-P=O OH3 

OH3  I U 

10 (ii)a5untranslatedregion(5UTR)havingthenucleicacidsequenceofSEQIDNO: 
19U 

(iii)aproteincodingregionhavingthenucleicacidsequenceofSEQIDNO:17; 

U (iv)a3' untranslatedregion(3' UTR)havingthenucleicacidsequenceofSEQIDNO.  

20Uand 

G.BufferandOtherComponents 

[001311Tostabilizethenucleicacidand/orLNPs(e.g.,toprolongtheshelf-lifeofthevaccine 

20 product),tofacilitateadministrationoftheLNPpharmaceuticalcompositionand/ortoenhancein 

vivoexpressionofthenucleicacidthenucleicacidand/orLNPcanbeformulatedincombination 

withoneormorecarrierstargetingligands stabilizingreagents(e.g., preservativesand 

antioxidants),and/orotherpharmaceuticallyacceptableexcipients.Examplesofsuchexcipients 

27 
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areparabensthimerosalthiomersalchiorobutanolbezalkoniumchloridechelators(e.g.,EDTA) 

andthelike.  

[001321TheLNPcompositionsofthepresentdisclosurecanbeprovidedasafrozenliquidform 

oralyophulizcdfonmAvarictyofcryoprotcctantsmaybeusedincludingwithoutlimitations, 

5 sucrosetrehaloseglucoscmannitolmannosedcxtroscandthelike.Thccryoprotcctantmay 

constitute 0 (w/v)ofthcLNPcomposition.InsomcembodimcntstheLNPcomposition 

compriscstrchalosee.g.,at o(c.g.,100o)(w/v).Onccformulatedwiththccryoprotectant, 

thcLNPcompositionsmaybeftozcn(orlyophilizcdandcryoprescrved)at-20 0 Cto-800 C.  

[001331ThcLNPcompositionsmaybcprovidedtoapatientinanaqucousbuffercdsolution 

10 thawedifprcviouslyfrozenorifprcviouslylyophilizcdreconstitutcdinanaqueousbuffcrcd 

solutionatbedside.Inparticularlycxcmplaryembodimentsthcbufferedsolutionisisotonicand 

suitablefore.g.,intramuscularorintradermalinjection. Insomeembodimentsthebuffered 

solutionisaphosphate-bufferedsaline(PBS).  

15 ILRNA 

[001341ThepresentLNPvaccinecompositionsofthedisclosuremaycompriseanRNAmolecule 

(e.g., mRNA)thatencodesanantigenofinterest.TheRNAmoleculeofthepresentdisclosure 

maycompriseatleastoneribonucleicacid(RNA)comprisinganORFencodinganantigenof 

interest.IncertainembodimentstheRNAisamessengerRNA(mRNA)comprisinganORF 

20 encodinganantigenofinterest.IncertainembodimentstheRNA(e.g.,mRNA)furthercomprises 

II.A.5'Cap 

[001351AnmRNA5capcanprovideresistancetonucleasesfoundinmosteukaryoticcellsand 

25 promotetranslationefficiency.Severaltypesof5' capsareknown.A7-methylguanosinecap 

(alsoreferredtoas"m7 or"Cap-O"),comprisesaguanosinethatislinkedthrougha5' 5'

triphosphatebondtothefirsttranscribednucleotide.  

[001361A5'capistypicallyaddedasfollows:firstanRNAterminalphosphataseremovesone 

oftheterminalphosphategroupsfromthe5' nucleotideleavingtwoterminalphosphates; 

30 guanosinetriphosphate(GTP)isthenaddedtotheterminalphosphatesviaaguanylyltransferase, 

producinga5'5'5triphosphatelinkage;andthe7-nitrogenofguanineisthenniethylatedbya 
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methyltransferase. Examplesofcapstructuresincludebutarenotlimitedtom7G(5')ppp, 

(5'(AG(5')ppp(5')AandG(5')ppp(5')G. AdditionalcapstructuresaredescribedinU.S.  

PublicationNo.US2016/0032356andU.S.PublicationNo.US2018/0125989,whichare 

incorporatcdhcrcinbyrcfcrcncc.  

5 [0013715'-cappingofpolynucicotidesmaybccomplctcdconcomitantlyduringtheinvitro

transcriptionrcactionusingthcfollowingchemicalRNAcapanalogstogeneratethc5'-guanosine 

capstructurcaccordingtomanufacturcrprotocols:3'-O-Me-m7G(5')ppp(5')G(thcARCAcap); 
U 

G(5')ppp(5')A, G(5')ppp(5')G; m7G(5')ppp(5')A; m7G(5')ppp(5')G; 
m7G(5Dppp(~')(2'OMcA)pG m7G(5')ppp(5')(2'OMeA)pU;m7G(55ppp(5')(2'OMeG)pG(New 

10 EnglandBioLabsJpswich, MNTnLinkBiotechnologies).5'-cappingofmodificdRNAmaybc 

complctcdpost-transcriptionallyusingavacciniaviruscappingenzymctogcncratcthcCap0 

structure:m7G(5')ppp(5')G.Cap1structuremaybegeneratedusingbothvacciniaviruscapping 

enzymeanda2'-Omethyl-transferasetogenerate:m7G(5')ppp(5')G-2'-O-methyl. Cap2 

structuremaybegeneratedfromtheCap1structurefollowedbythe2'-O-methylationofthe5'

15 antepenultimatenucleotideusinga2'-Omethyl-transferase.Cap3structuremaybegenerated 

fromtheCap2structurefollowedbythe2'-0-methylationofthe5-preantepenultimatenucleotide 

usinga2'-0methyl-transferase.  

[001381IncertainembodimentsthemRNAofthedisclosurecomprisesa5capselectedfrom 

the group consisting of 3'-O-Me-m7G(5')ppp(5')G (the ARCA cap), G(5')ppp(5')A, 

20 G(5')ppp(5 ')G, m7G(5')ppp(5')A m7G(5')ppp(5')G, m7G(S5ppp(5')(2'OMeA)pG, 

[001391IncertainembodimentsthemRNAofthedisclosurecomprisesa5capof: 
0 

N NH 
OF] OH I 

0 0 0 (I NH2 
II II II 

o-P-Q-P-Q-P-Q 
I I I 

H2N Ni 0- 0- 0NC';> I N1 

0 0 
Nb- -o-P=o OH3 

I 
0 0 

4 

25 II.B.UntranslatedRegion(UTR) 

[001401InsomeembodimentsthemRNAofthedisclosureincludesa5' and/or3' untranslated 

region(UTR).InmRNAthe5' UTRstartsatthetranscriptionstartsiteandcontinuestothestart 
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codonbutdoesnotincludethestartcodon.The3' UTRstartsimmediatelyfollowingthestop 

codonandcontinuesuntilthetranscriptionalterminationsignal.  

[001411InsomeembodimentsthemRNAdisclosedhereinmaycomprisea5' UTRthatincludes 

oneormoreelementsthataffectanmRNA'sstabilityortranslation.Insomeembodimentsa5' 

5 UTRmaybeabout10to5,000nucleotidesinlength.Insomeembodimentsa5' UTRmaybe 

about50to500nucleotidesinlength. Insomeembodimentsthe5'UTRisatleastabout10 

nucleotidesinlengthabout20nucleotidesinlengthabout30nucleotidesinlengthabout40 

nucleotidesinlengthabout50nucleotidesinlengthabout100nucleotidesinlengthabout150 

nucleotidesinlengthabout200nucleotidesinlengthabout250nucleotidesinlengthabout300 

10 nucleotidesinlengthabout350nucleotidesinlengthabout400nucleotidesinlengthabout450 

nucleotidesinlengthabout500nucleotidesinlengthabout550nucleotidesinlengthabout600 

nucleotidesinlengthabout650nucleotidesinlengthabout700nucleotidesinlengthabout750 

nucleotidesinlengthabout800nucleotidesinlengthabout850nucleotidesinlengthabout900 

nucleotidesinlengthabout950nucleotidesinlengthabout1,000nucleotidesinlengthabout 

15 1,500nucleotidesinlengthabout2,000nucleotidesinlengthabout2,500nucleotidesinlength, 

about3,000nucleotidesinlengthabout3,500nucleotidesinlengthabout4,000nucleotidesin 

lengthabout4,500nucleotidesinlengthorabout5,000nucleotidesinlength.  

[001421InsomeembodimentsthemRNAdisclosedhereinmaycomprisea3' UTRcomprising 

oneormoreofapolyadenylationsignalabindingsiteforproteinsthataffectanmRNA'sstability 

20 oflocationinacelloroneormorebindingsitesformiRNAs.Insomeembodimentsa3' UTR 

to1,000nucleotidesinlengthorlonger.Insomeembodimentsthe3' UTRisatleastabout50 

nucleotidesinlengthabout100nucleotidesinlengthabout150nucleotidesinlengthabout200 

nucleotidesinlengthabout250nucleotidesinlengthabout300nucleotidesinlengthabout350 

25 nucleotidesinlengthabout400nucleotidesinlengthabout450nucleotidesinlengthabout500 

nucleotidesinlengthabout550nucleotidesinlengthabout600nucleotidesinlengthabout650 

nucleotidesinlengthabout700nucleotidesinlengthabout750nucleotidesinlengthabout800 

nucleotidesinlengthabout850nucleotidesinlengthabout900nucleotidesinlengthabout950 

nucleotidesinlengthabout1,000nucleotidesinlengthabout1,500nucleotidesinlengthabout 

30 2,000nucleotidesinlengthabout2,500nucleotidesinlengthabout3,000nucleotidesinlength, 

30 
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about3,500nucleotidesinlengthabout4,000nucleotidesinlengthabout4,500nucleotidesin 

lengthorabout5,000nucleotidesinlength.  

[001431InsomeembodimentsthemRNAdisclosedhereinmaycomprisea5' or3' UTRthatis 

derivedfromagenedistinctfromtheoneencodedbythemRNAtranscript(i.e.,theUTRisa 

5 heterologousUTR).  

[001441Incertainembodimentsthe5' and/or3' UTRsequencescanbederivedfrommRNA 

whicharestable(e.g.,globinactinGAPDIJtubulinhistoneorcitricacidcycleenzymes)to 

increasethestabilityofthemRNA. Forexamplea5' UTRsequencemayincludeapartial 

sequenceofaCMVimmediate-early1(lB1)geneorafragmentthereoftoimprovethenuclease 

10 resistanceand/orimprovethehalf-lifeofthemRNA.Alsocontemplatedistheinclusionofa 

sequenceencodinghumangrowthhormone(hGLQorafragmentthereottothe3 endor 

untranslatedregionofthemRNA. Generallythesemodificationsimprovethestabilityand/or 

pharmacokineticproperties(e.g.,half-life)ofthemRNArelativetotheirunmodifiedcounterparts, 

I/IVIVO 

andincludeforexamplemodificationsmadetoimprovesuchmRNAresistanceto0 
15 nucleasedigestion.  

[001451Exemplary5' UTRsincludeasequencederivedfromaCMVimmediate-early1(lB1) 

gene(U.S.PublicationNos.2014/0206753and2015/0157565,eachofwhichisincorporated 

hereinbyreference),orthesequenceGGGAUCCUACC(SEQIDNO:22)(U.S.PublicationNo.  

2016/0151409incorporatedhereinbyreference).  

20 [001461Invariousembodimentsthe5'UTRmaybederivedfromthe5'UTRofaTOPgene.  

tract. FurthermoremostTOPgenesarecharacterizedbygrowth-associatedtranslational 

regulation.HoweverTOPgeneswithatissuespecifictranslationalregulationarealsoknown.In 

certainembodimentsthe5' UTRderivedfromthe5' UTRofaTOPgenelacksthe5' TOPmotif 

25 (the oligopyrimidine tract) (e.g., U.S. Publication Nos. 2017/0029847, 2016/0304883, 

2016/0235864and2016/0166710,eachofwhichisincorporatedhereinbyreference).  

[001471Incertainembodimentsthe5' UTRisderivedfromaribosomalproteinLarge32(L32) 

gene(U.S.PublicationNo.2017/0029847,supra).  

[001481Incertainembodimentsthe5' UTRisderivedfromthe5' UTRofanhydroxysteroid 

30 (17-b)dehydrogenase4gene(LLSD17B4)(U.S.PublicationNo.2016/0166710,supra).  
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[001491Incertainembodimentsthe5'UTRisderivedfromthe5'UTRofanATP5A1gene 

(U.S.PublicationNo.2016/0166710,supra).  

[001501Insomeembodimentsaninternalribosomeentrysite(IRES)isusedinsteadofa5' UTR.  

[001511Insomeembodimentsthe5'UTRcomprisesanucleicacidsequencesetforthinSEQID 

5 NO:19.Insomeembodimentsthe3'UTRcomprisesanucleicacidsequencesetforthinSEQID 

NO:20.The5' UTRand3'UTRaredescribedinfurtherdetailinW02012/075040incorporated 

hereinbyreference.  

II.C.PolyaclenylatedTail 

10 [001521Asusedhereinthetermspoly(A)sequence,,,"poly(A)tail and"poly(A)region"refer 

toasequenceofadenosinenucleotidesatthe3' endofthemRNAmolecule.Thepoly(A)tailmay 

conferstabilitytothemRNAandprotectitfromexonucleasedegradation.Thepoly(A)tailmay 

enhancetranslation.Insomeembodimentsthepoly(A)tailisessentiallyhomopolymeric.For 

exampleapoly(A)tailof100adenosinenucleotidesmayhaveessentiallyalengthof100 

15 nucleotides.Incertainembodimentsthepoly(A)tailmaybeinterruptedbyatleastonenucleotide 

differentfromanadenosinenucleotide(e.g.,anucleotidethatisnotanadenosinenucleotide).For 

exampleapoly(A)tailof100adenosinenucleotidesmayhavealengthofmorethan100 

nucleotides(comprising100adenosinenucleotidesandatleastonenucleotideorastretchof 

nucleotidesthataredifferentfromanadenosinenucleotide).Incertainembodimentsthepoly(A) 

20 tail comprises the sequence 

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

AA(SEQIDNO:23).  

[001531The"poly(A)tail" asusedhereintypicallyrelatestoRNA.Howeverinthecontextof 

25 thedisclosurethetermlikewiserelatestocorrespondingsequencesinaDNAmolecule(e.g.,a 

poly(T)sequence').  

[001541Thepoly(A)tailmaycompriseabout10toabout500adenosinenucleotidesabout10to 

about200adenosinenucleotidesabout40toabout200adenosinenucleotidesorabout40toabout 

150adenosinenucleotides.Thelengthofthepoly(A)tailmaybeatleastabout10,50,75,100, 

30 150,200,250,300,350,400,450,or500adenosinenucleotides.  
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[001551InsomeembodimentswherethenucleicacidisanRNAthepoly(A)tailofthenucleic 

acidisobtainedfromaDNAtemplateduringRNAinvitrotranscription.Incertainembodiments, 

thepoly(A)tailisobtainedinvitrobycommonmethodsofchemicalsynthesiswithoutbeing 

transcribedfromaDNAtemplate. Invariousembodimentspoly(A)tailsaregeneratedby 

5 enzymaticpolyadenylationoftheRNA(afterRNAinvitrotranscription)usingcommercially 

availablepolyadenylationkitsandcorrespondingprotocolsoralternativelybyusingimmobilized 

poly(A)polymerasese.g.,usingmethodsandmeansasdescribedinW02016/174271.  

[001561Thenucleicacidmaycompriseapoly(A)tailobtainedbyenzymaticpolyadenylation 

whereinthemajorityofnucleicacidmoleculescompriseabout100(+/-20)toabout500(+/-50) 

10 orabout250(+/-20)adenosinenucleotides.  

[001571Insomeembodimentsthenucleicacidmaycompriseapoly(A)tailderivedfroma 

templateDNAandmayadditionallycompriseatleastoneadditionalpoly(A)tailgeneratedby 

enzymaticpolyadenylation e.g.,asdescribedinW02016/091391 incorporatedhereinby 

reference.  

15 [001581Incertainembodimentsthenucleicacidcomprisesatleastonepolyadenylationsignal.  

[001591Invariousembodimentsthenucleicacidmaycompriseatleastonepoly(C)sequence.  

[001601Thetermpoly(C)sequence, asusedhereinisintendedtobeasequenceofcytosine 

nucleotidesofuptoabout200cytosinenucleotides.Insomeembodimentsthepoly(C)sequence 

comprisesabout10toabout200cytosinenucleotidesabout10toabout100cytosinenucleotides, 

20 about20toabout70cytosinenucleotidesabout20toabout60cytosinenucleotidesorabout10 

30cytosinenucleotides.  

II.ILChemicalModification 

25 [001611ThemRNAdisclosedhereinmaybemodifiedorunmodified.Insomeembodimentsthe 

mRNAmaycompriseatleastonechemicalmodification. InsomeembodimentsthemRNA 

disclosedhereinmaycontainoneormoremodificationsthattypicallyenhanceRNAstability.  

Exemplarymodificationscanincludebackbonemodificationssugarmodificationsorbase 

modifications.InsomeembodimentsthedisclosedmRNAmaybesynthesizedfromnaturally 

30 occurringnucleotidesand/ornucleotideanalogues(modifiednucleotides)includingbutnot 

limitedtopurines(adenine(A)andguanine(G))orpyrimidines(thymine(17),cytosine(C),and 
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uracil(U)). IncertainembodimentsthedisclosedmRNAmaybesynthesizedfrommodified 

nucleotideanaloguesorderivativesofpurinesandpyrimidinessuchase.g.,1-methyl-adenine,2

methyl-adenine, 2-methylthio-N-6-isopentenyl-adenine N6-methyl-adenine N6-isopentenyl

adenine, 2-thio-cytosine 3-methyl-cytosine, 4-acetyl-cytosine 5-methyl-cytosine, 2,6

5 diaminopurine 1-methyl-guanine2-methyl-guanine, 2,2-dimethyl-guanine, 7-methyl-guanine, 

inosine1-methyl-inosinepseudouracil(5-uracil),dihydro-uracil,2-thio-uracil4-thio-uracil,5

carboxymethylaminomethyl-2-thio-uracil, 5-(carboxyhydroxymethyl)-uracil 5-fluoro-uraci1, 5

bromo-uracil5-carboxymethylaminomethyl-uracil, 5-methyl-2-thio-uracil, 5-methyl-uraci1N

uracil-5-oxyaceticacidmethylester,5-methylaminomethyl-uraci15-methoxyaminomethyl-2

10 thi0-uraci15'-methoxycarbonylmethyl-uraci1, 5-methoxy-uraci1uraci1-5-oxyaceticacidmethyl 

ester uracil-5-oxyaceticacid(v),1-methyl-pseudouracilqueosinef3-D-mannosyl-queosine, 

phosphoramidates, phosphorothioates, peptide nucleotides, methylphosphonates, 7

deazaguanosine,5-methylcytosineandinosine.  

[001621InsomeembodimentsthedisclosedmRNAmaycompriseatleastonechemical 

15 modificationincludingbutnotlimitedtopseudouridineN1-methylpseudouridine,2-thiouridine, 

4,-thiouridine 5-methylcytosine, 2-thio-l-methyl-1-deaza-pseudouridine, 2-thio-l-methyl

pseudouridine,2-thio-5-aza-uridine,2-thio-dihydropseudouridine,2-thio-dihydrouridine,2-thio

PSeudouridine 4-methoxy-2-thio-pseudouridine, 4-methoxy-pseudouridine 4-thio-1-methyl

PSeudouridine, 4-thio-pseudouridine5-aza-uridine, dihydropseudouridine, 5-methyluridine5

20 methyluridine, 5-methoxyuridine, and2'-0-inethyluridine.  

of pseudouridine, N1-methylpseudouridine 5-methylcytosine, 5-methoxyaridine, and a 

combinationthereof 

[001641InsomeembodimentsthechemicalmodificationcomprisesN1-methylpseudouridine.  

25 [001651Insomeembodimentsatleast200oatleast300oatleast400~, atleast 0 atleast600o, 

atleast700~,atleast800oatleast850oatleast900oatleast950oor ooftheuracilnucleotides 

inthemRNAarechemicallymodified.  

[001661Insomeembodimentsatleast200oatleast300oatleast400~, atleast 0 atleast600o, 

atleast700~,atleast800oatleast850oatleast900oatleast950oor ooftheuracilnucleotides 

30 intheORFarechemicallymodified.  
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[001671Thepreparationofsuchanaloguesisdescribede.g.,inU.S.Pat.No.4,373,071,U.S.Pat.  

No.4,401,796,U.S.Pat.No.4,415,732,U.S.Pat.No.4,458,066,U.S.Pat.No.4,500,707,U.S.  

Pat.No.4,668,777,U.S.Pat.No.4,973,679,U.S.Pat.No.5,047,524,U.S.Pat.No.5,132,418, 

U.S.Pat.No.5,153,319,U.S.Pat.No.5,262,530,andU.S.PatNo.5,700,642.  

5 

II.E.mRNASynthesis 

[001681ThemRNAsdisclosedhereinmaybesynthesizedaccordingtoanyofavarietyof 

methods.ForexamplemRNAsaccordingtothepresentdisclosuremaybesynthesizedviain 

vitrotranscription(JVT).Somemethodsforinvitrotranscriptionaredescribede.g.,inGeallet 

10 al.(2013)Semin.Immunol.25(2):152-159Brunelleetal.(2013)MethodsEnzymol.530:101

14.Briefly,]TVTistypicallyperformedwithalinearorcircularDNAtemplatecontaininga 

promoter, apoolofribonucleotidetriphosphatesabuffersystemthatmayincludeDTTand 

magnesiumionsanappropriateRNApolymerase(e.g.,T3,T7,or5P6RNApolymerase),DNase 

Ipyrophosphataseand/orRNaseinhibitor. Theexactconditionsmayvaryaccordingtothe 

15 specificapplication.ThepresenceofthesereagentsisgenerallyundesirableinafinalmRNA 

productandthesereagentscanbeconsideredimpuritiesorcontaminantswhichcanbepurifiedor 

removedtoprovideacleanand/orhomogeneousmRNAthatissuitablefortherapeuticuse.While 

mRNAprovidedfrom0 
Invitrotranscriptionreactionsmaybedesirableinsomeembodiments, 

othersourcesofmRNAcanbeusedaccordingtotheinstantdisclosureincludingwild-typemRNA 

III.ProcessesforMakingthePresentLNPVaccines 

[001691ThepresentLNPscanbepreparedbyvarioustechniquespresentlyknownintheart.For 

examplemultilamellarvesicles(MLV)maybepreparedaccordingtoconventionaltechniques, 

25 suchasbydepositingaselectedlipidontheinsidewallofasuitablecontainerorvesselby 

dissolvingthelipidinanappropriatesolventandthenevaporatingthesolventtoleaveathinfilm 

ontheinsideofthevesselorbyspraydrying.Anaqueousphasemaythenbeaddedtothevessel 

withavortexingmotionthatresultsintheformationofMLVs.Unilamellarvesicles(ULV)can 

thenbeformedbyhomogenizationsonicationorextrusionofthemultilamellarvesicles. In 

30 additionunilamellarvesiclescanbeformedbydetergentremovaltechniques.  
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[001701Various methods are describedinUS 2011/0244026, US 2016/0038432, US 

2018/0153822,US2018/0125989andPCT/US2020/043223(filedJuly23,2020)andcanbeused 

topracticethepresentinvention.OneexemplaryprocessentailsencapsulatingmRNAbymixing 

itwithamixtureoflipidswithoutfirstpre-formingthelipidsintolipidnanoparticlesasdescribed 

5 inUS2016/0038432.AnotherexemplaryprocessentailsencapsulatingmRNAbymixingpre

formedLNPswithmRNAasdescribedinUS2018/0153822.  

[001711InsomeembodimentstheprocessofpreparingmRNA-loadedLNPsincludesastepof 

heatingoneormoreofthesolutionstoatemperaturegreaterthanambienttemperaturetheoneor 

moresolutionsbeingthesolutioncomprisingthepre-forn'iedlipidnanoparticlesthesolution 

10 comprisingthemRNAandthemixedsolutioncomprisingtheLNP-encapsulatedmRNA.Insome 

embodimentstheprocessincludesthestepofheatingoneorbothofthemRNAsolutionandthe 

pre-formedLNPsolutionpriortothemixingstep.Insomeembodimentstheprocessincludes 

heatingoneormoreofthesolutionscomprisingthepre-formedLNPsthesolutioncomprisingthe 

mRNAandthesolutioncomprisingtheLNP-encapsulatedmRNAduringthemixingstep.In 

15 someembodimentstheprocessincludesthestepofheatingtheLNP-encapsulatedmRNAafter 

themixingstep.Insomeembodimentsthetemperaturetowhichoneormoreofthesolutionsis 

heatedisorisgreaterthanabout30 0 C,370 C,400 C,450 C,500 C,550 C,600 C,650 Cor700 C.In 

someembodimentsthetemperaturetowhichoneormoreofthesolutionsisheatedrangesfrom 

about25~700Cabout30-70 0 Cabout35-700 Cabout40-70 0 Cabout45-70 0 Cabout50-70 0 Cor 

20 about60-700 C.Insomeembodimentsthetemperatureisabout65 0 C.  

invention.InsomeembodimentsmRNAmaybedirectlydissolvedinabuffersolutiondescribed 

a InsomeembodimentsanmRNAsolutionmaybegeneratedbymixinganmRNAstock 

solutionwithabuffersolutionpriortomixingwithalipidsolutionforencapsulation.Insome 

25 embodimentsanmRNAsolutionmaybegeneratedbymixinganmRNAstocksolutionwitha 

buffersolutionimmediatelybeforemixingwithalipidsolutionforencapsulation. Income 

embodimentsasuitablemRNAstocksolutionmaycontainmRNAinwaterorabufferata 

concentrationatorgreaterthanabout0.2mg/ml,0.4mg/ml,0.5mg/ml,0.6mg/ml,0.8mg/ml,1.0 

mg/ml,1.2mg/ml,1.4mg/ml,1.5mg/mlor1.6mg/ml,2.0mg/ml,2.5mg/ml,3.0mg/ml,3.5 

30 mg/ml,4.0mg/ml,4.5mg/mlor5.0mg/ml.  
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[001731InsomeembodimentsanmRNAstocksolutionismixedwithabuffersolutionusinga 

pump. Exemplarypumpsincludebutarenotlimitedtogearpumpsperistalticpumpsand 

centrifugalpumps.TypicallythebuffersolutionismixedatarategreaterthanthatofthemRNA 

stocksolution.Forexamplethebuffersolutionmaybemixedatarateatleastlx2x,3x,4x,5x, 

5 6x7xSx,9x, lOx,15xor20xgreaterthantherateofthemRNAstocksolution. Income 

embodimentsabuffersolutionismixedataflowraterangingbetweenabout100-6000ml/minute 

(e.g.,about100-300ml/minute,300-600ml/minute,600-1200ml/minute,1200-2400ml/minute, 

2400-3600ml/minute3600-4800ml/minute,4800-6000ml/minuteor60-420ml/minute). In 

someembodimentsabuffersolutionismixedataflowrateoforgreaterthanabout60ml/minute, 

10 100ml/minute,140ml/minute,180ml/minute,220ml/minute,260ml/minute,300ml/minute, 

340ml/minute,380ml/minute,420ml/minute,480ml/minute,540ml/minute,600ml/minute, 

1200ml/minute,2400ml/minute,3600ml/minute,4800ml/minuteor6000ml/minute.  

[001741InsomeembodimentsanmRNAstocksolutionismixedataflowraterangingbetween 

about10-600ml/minute(e.g.,about5-50ml/minute about10-30ml/minuteabout30-60 

15 ml/minuteabout60-120ml/minuteabout120-240ml/minuteabout240-360ml/minuteabout 

360-480ml/minuteorabout480-600ml/minute).InsomeembodimentsanmRNAstocksolution 

ismixedataflowrateoforgreaterthanabout5ml/minute,10ml/minute,15ml/minute,20 

ml/minute,25ml/minute,30ml/minute,35ml/minute,40ml/minute,45ml/minute,50ml/minute, 

60ml/minute,80ml/minute,100ml/minute,200ml/minute,300ml/minute,400ml/minute,500 

20 ml/minuteor600ml/minute.  

as"loading."ExemplarymethodsaredescribedinLasicetalFEBSLeft.(1992)312:255-8.The 
a 

LNP-incorporatednucleicacidsmaybecompletelyorpartiallylocatedintheinteriorspaceofthe 

lipidnanoparticlewithinthebilayermembraneofthelipidnanoparticleorassociatedwiththe 

25 exteriorsurfaceofthelipidnanoparticlemembrane.TheincorporationofanmRNAintolipid 

nanoparticlesisalsoreferredtohereinas encapsulation"whereinthenucleicacidisentirelyor 

substantiallycontainedwithintheinteriorspaceofthelipidnanoparticle.  

[001761SuitableLNPsmaybemadeinvarioussizes.Insomeembodimentsdecreasedsizeof 

lipidnanoparticlesisassociatedwithmoreefficientdeliveryofanmRNA. Selectionofan 

30 appropriateLNPsizemaytakeintoconsiderationthesiteofthetargetcellortissueandtosome 

extenttheapplicationforwhichthelipidnanoparticleisbeingmade.  
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[001771Avarietyofmethodsknownintheartareavailableforsizingofapopulationoflipid 

nanoparticles. ParticularlyexemplarymethodshereinutilizeZetasizerNanoZS(Malvem 

Panalytical)tomeasureLNPparticlesize.Inoneprotocol,10R 1 ofanLNPsamplearemixed 

with990glof100otrehalose.ThissolutionisloadedintoacuveffeandthenputintotheZetasizer 

5 machine.Thez-averagediameter(nm),orcumulantsmeanisregardedastheaveragesizeforthe 

LNPsinthesample.TheZetasizermachinecanalsobeusedtomeasurethepolydispersityindex 

(PDJ)byusingdynamiclightscattering(DLS)andcumulantanalysisoftheautocorrelation 

function. AverageLNPdiametermaybereducedbysonicationofformedLNP. Intermittent 

sonicationcyclesmaybealternatedwithquasi-elasticlightscattering(QELS)assessmenttoguide 

10 efficientlipidnanoparticlesynthesis.  
a 

[001781InsomeembodimentsthemajorityofpurifiedLNPsi.e.,greaterthanabout500o,550o, 

60%,65%,70%,75%,80%,85%,90%,95%,96%,97%,98%,or99%oftheLNPshaveasize 

ofabout70-150nm(e.g.,about145nmabout140nmabout135nmabout130nmabout125 

nmaboutl2Onmaboutll5nmaboutllOnmaboutlO5nmaboutlOOnmabout95nmabout 

15 90nmabout85nmorabout80nm).Insomeembodimentssubstantiallyall(e.g.,greaterthan 

80or900o)ofthepurifiedlipidnanoparticleshaveasizeofabout70-150nm(e.g.,about145nm 

about140nmabout135nmabout130nmabout125nmabout120nmabout115nmabout 

110nmabout105nmabout100nmabout95nmabout90nmabout85nmorabout80nm).  

[001791InsomeembodimentstheLNPsinthepresentcompositionhaveanaveragesizeofless 

20 than150nmlessthan120nmlessthan100nmlessthan90nmlessthan80nmlessthan70 

[001801Insomeembodimentsgreaterthanabout700o,750o,800o,850o,900o,950o,960o,970o, 

980o,990~oftheLNPsinthepresentcompositionhaveasizerangingfromabout40-90nm(e.g., 

about45-85nmabout50-80nmabout55-75nmabout60-70nm)orabout50-70nm(e.g.,55

25 65nm)areparticularsuitableforpulmonarydeliveryvianebulization.  

[001811Insomeembodimentsthedispersityormeasureofheterogeneityinsizeofmolecules 

(PDI),ofLNPsinapharmaceuticalcompositionprovidedbythepresentinventionislessthan 

about0.5.InsomeembodimentsanLNPhasaPDIoflessthanabout0.5,lessthanabout0.4, 

lessthanabout0.3,lessthanabout0.28,lessthanabout0.25,lessthanabout0.23,lessthanabout 

30 0.20,lessthanabout0.18,lessthanabout0.16,lessthanabout0.14,lessthanabout0.12,lessthan 
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about0.10,orlessthanabout0.08. ThePDJmaybemeasuredbyaZetasizermachineasdescribed 

above.  

[001821Insomeembodimentsgreaterthanabout75%,80%,85%,90%,95%,96%,97%,98%, 

or9900ofthepurifiedLNPsinapharmaceuticalcompositionprovidedhereinencapsulatean 

5 mRNAwithineachindividualparticle.Insomeembodimentssubstantiallyall(e.g.,greaterthan 

800oor900o)ofthepurifiedlipidnanoparticlesinapharmaceuticalcompositionencapsulatean 

mRNAwithineachindividualparticle. Insomeembodimentsalipidnanoparticlehasan 

encapsulationefficiencyofbetween500~and990o;orgreaterthanabout60,65,70,75,80,85, 

9092,95,98,or990o. Typicallylipidnanoparticlesforusehereinhaveanencapsulation 

10 efficiencyofatleast90%(e.g.,atleast91,92,93,94,or95%).  

[001831InsomeembodimentsanLNPhasaN/Pratioofbetween1and10. Income 

embodimentsalipidnanoparticlehasaN/Pratioabove1,about1,about2about3,about4about 

5,about6,about7,orabout8.InfurtherembodimentsatypicalLNPhereinhasanN/Pratioof 

4.  

15 [001841Insomeembodimentsapharmaceuticalcompositionaccordingtothepresentinvention 

containsatleastabout0.5kg,1jig,5jig,10~g,100kg,500jigor1000jigofencapsulated 

mRNA.Insomeembodimentsapharmaceuticalcompositioncontainsabout0.1~gto1000kg, 

atleastabout0.5kgatleastabout0.8kgatleastabout1~gatleastabout5~gatleastabout8 

kgatleastabout10~gatleastabout50~gatleastabout100kgatleastabout500kgoratleast 

20 about1000kgofencapsulatedmRNA.  

transcription(BIT)ofaDNAtemplate.AnexemplaryprocessformakingandpurifyingmRNA 

isdescribedinExample1. InthisprocessinanIVTprocessacDNAtemplateisusedtoproduce 

anmRNAtranscriptandtheDNAtemplateisdegradedbyaDNase.Thetranscriptispurifiedby 

25 depthfiltrationandtangentialflowfiltration(TFF).Thepurifiedtranscriptisfurthermodifiedby 

addingacapandatailandthemodifiedRNAispurifiedagainbydepthfiltrationandTFF.  

[001861ThemRNAisthenpreparedinanaqueousbufferandmixedwithanamphiphilicsolution 

containingthelipidcomponentsoftheLNPs.Anamphiphilicsolutionfordissolvingthefourlipid 

componentsoftheLNPsmaybeanalcoholsolution.Insomeembodimentsthealcoholisethanol.  

30 Theaqueousbuffermaybeforexampleaciliatephosphateacetateorsuccinatebufferandmay 

haveapEofabout3.0-7.0,e.g.,about3.5about4.0,about4.5,about5.0about5.5about6.0,or 
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about6.5.Thebuffermaycontainothercomponentssuchasasalt(e.g.,sodiumpotassiumand/or 

calciumsalts).Inparticularembodimentstheaqueousbufferhas1mMcitrate,150mMNaCl, 

PH4 .5 .  

[001871AnexemplarynonlimitingprocessformakinganmRNA-LNPcompositionisdescribed 

5 inExample1. TheprocessinvolvesmixingofabufferedmRNAsolutionwithasolutionoflipids 

inethanolinacontrolledhomogeneousmannerwheretheratiooflipids:mRNAismaintained 

throughoutthemixingprocess.InthisillustrativeexamplethemRNAispresentedinanaqueous 

buffercontainingcitricacidmonohydrate, tn-sodiumcitratedihydrateandsodiumchloride.The 

mRNAsolutionisaddedtothesolution(1mMcitratebuffer,150mMNaClpEt4.5).Thelipid 

10 mixtureoffourlipids(e.g.,acationiclipidaPEGylatedlipidacholesterol-basedlipidanda 

helperlipid)isdissolvedinethanol.TheaqueousmRNAsolutionandtheethanollipidsolution 

aremixedatavolumeratioof4:1ina"T"mixerwithanearpulseless pumpsystem. The 

resultantmixtureisthensubjectedfordownstreampurificationandbufferexchange.Thebuffer 

exchangemaybeachievedusingdialysiscasseffesoraTFFsystem. TFFmaybeusedto 

15 concentrateandbuffer-exchangetheresultingnascentLNPimmediatelyafterformationviatheT

mixprocess.Thediafiltrationprocessisacontinuousoperationkeepingthevolumeconstantby 

addingappropriatebufferatthesamerateasthepermeateflow.  

liv.PackagingandUseofthemRNA-LNPVaccines 

20 [001881ThemRNA-LNPvaccinescanbepackagedforparenteral(e.g.,intramuscular 

ThevaccinecompositionsmaybeintheformofanextemporaneousformulationwheretheLNP 

compositionislyophilizedandreconstitutedwithaphysiologicalbuffer(e.g.,PBS)justbefore 

use. Thevaccinecompositionsalsomaybeshippedandprovidedintheformofanaqueous 

25 solutionorafrozenaqueoussolutionandcanbedirectlyadministeredtosubjectswithout 

reconstitution(afterthawingifpreviouslyfrozen).  

[001891Accordinglythepresentdisclosureprovidesanarticleofmanufacturesuchasakitthat 

providesthemRNA-LNPvaccineinasinglecontainerorprovidesthemRNA-LNPvaccinein 

onecontainerandaphysiologicalbufferforreconstitutioninanothercontainer.Thecontainer(s) 

30 maycontainasingle-usedosageormulti-usedosage.Thecontainersmaybepre-treatedglass 

vialsorampules.Thearticleofmanufacturemayincludeinstructionsforuseaswell.  

40 
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[001901InparticularembodimentsthemRNA-LNPvaccineisprovidedforuseinintramuscular 

(IM)injection.Thevaccinecanbeinjectedtoasubjectate.g.,his/herdeltoidmuscleintheupper 

arm.Insomeembodimentsthevaccineisprovidedinapre-filledsyringeorinjector(e.g.,single

chamberedormulti-chambered). Insomeembodimentsthevaccineisprovidedforusein 

5 inhalationandisprovidedinapre-filledpumpaerosolizerorinhaler.  

[001911ThemRNA-LNPvaccines areadministeredto subjectsinneedthereofina 
a 

prophylacticallyeffectiveamounti.e anamountthatprovidessufficientimmuneprotection 

againstatargetpathogenforasufficientamountoftime(e.g.,oneyeartwoyearsfiveyearsten 

yearsorlife-time).Sufficientimmuneprotectionmaybeforexamplepreventionoralleviation 

10 ofsymptomsassociatedwithinfectionsbythepathogen.Insomeembodimentsmultipledoses 

(e.g.,twodoses)ofthevaccineareinjectedtosubjectsinneedthereoftoachievethedesired 
prophylacticeffects.Thedoses(e.g.,primeandboosterdoses)maybeseparatedbyanintervalof 

e.g.,1week,2weeks,3weeks,4weeksonemonthtwomonthsthreemonthsfourmonthsfive 

monthssixmonthsoneyeartwoyearsfiveyearsortenyears.  

15 [001921InsomeembodimentsasingledoseofthemRNA-LNPvaccinecontains1-50~gof 

mRNA(e.g.,monovalentormultivalent).Forexampleasingledosemaycontainabout2.5kg, 

about5~gabout7.5~gabout10~gabout12.5kgorabout15kgofthemRNAforintramuscular 

(IM)injection.Infurtherembodimentsamulti-valentsingledoseofanLNPvaccinecontains 

multiple(e.g.,2,3,or4)kindsofLNPseachforadifferentantigenandeachkindofLNPhasan 

20 mRNAamountote.g.,2.5kgabout5~gabout7.5kgabout10~gabout12.5kgorabout15 

[001931Inanotheraspectthepresentinventionprovidesmethodsofimmunizingasubjectagainst 

oneormoreinfluenzaviruses.Thepresentinventionfurtherprovidesmethodsofelicitingan 

immuneresponseagainstoneormoreinfluenzavirusesinasubject.Insomeembodimentsthe 

25 presentmethodscompriseadministeringtothesubjectaneffectiveamountofacomposition 

describedhereintoasubject.  

[001941Invariousembodimentsthemethodsofimmunizingprovidedhereinelicitabroadly 

protectiveimmuneresponseagainstmultipleepitopeswithinoneormoreinfluenzaviruses.In 

variousembodimentsthemethodsofimmunizingprovidedhereinelicitabroadlyneutralizing 

30 immuneresponseagainstoneormoreinfluenzaviruses. Insomeembodimentstheimmune 

responsecomprisesanantibodyresponse.Accordinglyinvariousembodimentsthecomposition 
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describedhereincanofferbroadcross-protectionagainstdifferenttypesofinfluenzaviruses.In 

someembodimentsthecompositionofferscross-protectionagainstavianswineseasonaland/or 

pandemicinfluenzaviruses. Insomeembodimentsthecompositionofferscross-protection 

againstoneormoreinfluenzaABorCsubtypes.Insomeembodimentsthecompositionoffers 

5 cross-protectionagainstmultiplestrainsofinfluenzaAIll-subtypeviruses(e.g.,[IlNi),influenza 

A113-subtypeviruses(e.g.,113N2),influenzaA115-subtypeviruses(e.g.,IISNi),and/orinfluenza 

Bviruses(e.g.,YamagatalineageVictorialineage).  

[001951Insomeembodimentsthemethodsoftheinventionarecapableofelicitinganimproved 

immuneresponseagainstoneormoreseasonalinfluenzastrains. ExemplaryseasonalsWains 

10 includewithoutlimitationA/PuertoRico/S/i934,A/FortMonmouth/1/1947,A/Chile/i/i983, 

A/Texas/36/i99i, A/Singapore/6/i986 A/Beijing/32/i992 A/New Caledonia/20/i999, 

A/SolomonJslands/03/2006,A/Brisbane/59/2007,A(113N2)virusantigenicallylikethecell

propagated prototype virus A/Victoria/36i/20ii A/Beijing/262/95 (lJiNi)-like virus, 

A/Brisbane/02/2018 (IliNi)pdmO9-like virus, A/Brisbane/i0/2007 (113N2)-like virus, 

15 A/Califomia/7/2004 (113N2)-like virus A/Califomia/7/2009 (IIiN1)-like virus, 

A/Califomia/7/2009(111N1)pdmO9-likevirusA/Cambodia/e0826360/2020(113N2)-likevirus, 

A/Fujian/4ii/2002(113N2)- likevirusA/Fujian/4ii/2002(113N2)-likevirusA/Guangdong

Maonan/SWLi536/20i9(111N1)pdmO9-likevirus-likevirusA/Ltawaii/70/20i9(IIiNi)pdmO9

likevirus-likevirusA/HongKong/267i/2019(113N2)-likevirusA/HongKong/45/20i9(H3N2)

20 likevirusA/HongKong/480i/2014(H3N2)-likevirusA/Kansas/i4/2017(H3N2)-likevirus, 

Caledonia/20/99(HiN1)-likevirusA/Perth/i6/2009(H3N2)-likevirusA/Singapore/TNFJMH

i6-00i9/20i6 (H3N2)-likevirusA/SolomonJslands/3/2006 (HiNi)-likevirusA/South 

Australia/34/20i9 (H3N2)-like virus, A/Switzerland/8060/20i7 (H3N2)-like virus, 

25 A/Switzerland/97i5293/2013 (H3N2)-like virus A/Sydney/5/97 (H3N2)-like virus, 

A/Texas/5O/20i2 (H3N2)-like virus, A/Victoria/2570/2019 (HiNi)pdmO9-like virus, 

A/Victoria/2570/20i9(HiNi)pdmO9-likevirus-likevirusA/Victoria/36i/2011(H3N2)-like 

virusA/Wellington/i/2004(H3N2)-likevirusA/Wisconsinl588/2019(HiNi)pdmO9-likevirus, 

A/Wisconsin/S88/20i9(HiNi)pdmO9-likevirus-likevirusA/Wisconsin/67/2005(H3N2)-like 

30 virusB/Beijing/i84/93-likevirusB/Brisbane/60/2008-likevirusB/Colorado/06/20i7-likevirus 

(B/Victoria/2/87 lineage),B/Florida/4/2006-likevirus, B/HongKong/330/200i-likevirus, 
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B/Malaysia/2506/2004-like virus, B/Massachusetts/2/2012-like virus, B/Phuket/3073/2013 

(B/Yamagatalineage)-likevirusB/Phuket/3073/2013-likevirusB/Phuket/3073/2013-likevirus 

(B/Yamagata/16/88lineage),B/Shangdong/7/97-likevirusB/Shanghai/361/2002-likevirus, 

B/Sichuanl379/99-like virus, B/Washingtonl02/2019 (B/Victoria lineage)-like virus, 

5 B/Washingtonl02/2019-like(B/Victorialineage)virusandB/Wisconsin/i/2010-likevirus. In 

someembodimentsthemethodsoftheinventionarecapableofelicitinganimprovedimmune 

responseagainstoneormorepandemicinfluenzastrains.Exemplarypandemicstrainsinclude, 

withoutlimitationA/Califomia/07/2009A/Califomia/04/2009, A/Belgium/145/2009, A/South 

Carolina/01/1918,andA/NewJersey/i976.PandemicsubtypesincludeinparticulartheLIIiNi, 

10 115N1, 112N2,113N2,119N2,117N7,117N3,[17N9and[Ii0N7subtypes.Insomeembodiments, 

themethodsoftheinventionarecapableofelicitinganimprovedimmuneresponseagainstoneor 

moreswineinfluenzastrains.ExemplaryswinesWainsincludewithoutlimitationA/New 

Jersey/i976isolatesandA/Califomia/07/2009. Insomeembodimentsthemethodsofthe 

inventionarecapableofelicitinganimprovedimmuneresponseagainstoneormoreavian 

15 influenzastrains. ExemplaryaviansWainsincludewithoutlimitationJJSNi [17N3,117N7, 

117N9,and119N2.Additionalinfluenzapandemicseasonalavianand/orswinesWainsareknown 

intheart.  

[001961Insomeembodimentsthepresentinventionprovidesmethodsofpreventingortreating 

influenzainfectionsbyadministeringthecompositionoftheinventiontoasubjectinneedthereof 

20 Insomeembodimentsthesubjectissufferingfromorsusceptibletoaninfluenzainfection.In 

isdisplayingoneormoresymptomscommonlyassociatedwithinfluenzainfection. Income 

embodimentsthesubjectisknownorbelievedtohavebeenexposedtotheinfluenzavirus.In 

someembodimentsasubjectisconsideredtobesusceptibletoaninfluenzainfectionifthesubject 

25 isknownorbelievedtohavebeenexposedtotheinfluenzavirus.Insomeembodimentsasubject 

isknownorbelievedtohavebeenexposedtotheinfluenzavirusifthesubjecthasbeenincontact 

withotherindividualsknownorsuspectedtohavebeeninfectedwiththeinfluenzavirusand/orif 

thesubjectisorhasbeenpresentinalocationinwhichinfluenzainfectionisknownorthoughtto 

beprevalent.  

30 [001971Invariousembodimentsthecompositionasdescribedhereinmaybeadministeredprior 

toorafterdevelopmentofoneormoresymptomsofinfluenzainfection.Insomeembodiments, 
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thecompositionisadministeredasaprophylactic. Insuchembodimentsthemethodsofthe 

inventionareeffectiveinpreventingorprotectingasubjectfrominfluenzavirusinfection.In 

someembodimentsthecompositionofthepresentinventionisusedasacomponentofaseasonal 

and/orpandcmicinfluenzavaccineoraspartofaninfluenzavaccinationregimcnintcndcdto 

5 confcrlong-lasting(multi-scason)protection. Insomeembodimcntsthccompositionofthe 

prescntingrnvcntionisuscdtotrcatthesymptomsofinfluenzainfection.  

[001981Insomecmbodimcntsthesubjcctisanon-humanmammal.Insomccmbodimcntsthe 

subjectisafarmanimalorapct(e.g.,adogacatashecpcafficand/orapig). Income 

cmbodimentsthcsubjcctisanon-humanprimatc.Insomecmbodimentsthesubjectisanavian 

10 (e.g.,achickenaduckagooseand/oraturkey).  

[001991Insomccmbodimentsthcsubjcctisahuman.Incertaincmbodimentsthcsubjectisan 

adultanadolescentoraninfant.Insomeembodimentsthehumansubjectisyoungerthan6 

monthsofage.Insomeembodimentsthehumansubjectis6monthsofageorolderis6months 

through35monthsofageis36monthsthrough8yearsofageoris9yearsofageorolder.In 

15 someembodimentsthehumansubjectisanelderlyaged55yearsoroldersuchas60yearsofage 

orolderor65yearsofageorolder. Alsocontemplatedbythepresentinventionarethe 

administrationofthecompositionand/orperformanceofthemethodsoftreatmentinutero.  

[002001Unlessotherwisedefinedhereinscientificandtechnicaltermsusedinconnectionwith 

thepresentinventionshallhavethemeaningsthatarecommonlyunderstoodbythoseofordinary 

20 skillintheart.Exemplarymethodsandmaterialsaredescribedbelowalthoughmethodsand 

ofthepresentinvention.Incaseofconflictthepresentspecificationincludingdefinitionswill 

control. Generallynomenclatureusedinconnectionwithandtechniquesof',cellandtissue 

culturemolecularbiologyvirologyimmunologymicrobiologygeneticsanalyticalchemistry, 

25 syntheticorganicchemistrymedicinalandpharmaceuticalchemistryandproteinandnucleicacid 

chemistryandhybridizationdescribedhereinarethosewell-knownandcommonlyusedintheart.  

Enzymaticreactionsandpurificationtechniquesareperformedaccordingtomanufacturers 

specificationsascommonlyaccomplishedintheartorasdescribedherein. Furtherunless 

otherwiserequiredbycontextsingulartermsshallincludepluralitiesandpluraltermsshallinclude 

30 thesingular.Throughoutthisspecificationandembodimentsthewords"haveand"comprise" 

orvariationssuchas"has,""having, comprises,,, orcomprising,"willbeunderstoodtoimply 
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theinclusionofastatedintegerorgroupofintegersbutnottheexclusionofanyotherintegeror 

groupofintegers.Allpublicationsandotherreferencesmentionedhereinareincorporatedby 

referenceintheirentirety.Althoughanumberofdocumentsarecitedhereinthiscitationdoes 

notconstituteanadmissionthatanyofthescdocumentsformspartofthccommongcneral 

5 knowlcdgeinthcart.Asuscdhcreinthcterm approximatcly"orabout"asapplicdtooncor 

morcvaluesofintercstrefcrstoavaluethatissimilartoastatedrefcrencevaluc. Incertain 

cmbodimentsthetermrefcrstoarangeofvaluesthatfallwithin100~, 90~, 80~, 70o,60~, 50~,40o, 

30~, 20o,10~, orlessincitherdirection(greatcrthanorlessthan)ofthestatcdrcferenccvaluc 

unlessotherwisestatedorotherwiseevidentfromthecontext.  

10 [002011Inorderthatthisinventionmaybebetterunderstoodthefollowingexamplesaresetforth.  

Theseexamplesareforpurposesofillustrationonlyandarenottobeconstruedaslimitingthe 

scopeoftheinventioninanymanner.  

EXAMPLES 

15 Example1:OptimizationofLNPFormulations 

[002021 ThisExampledescribesastudyinwhichaseriesofLNPformulationsformRNA 

vaccineswaspreparedfromcombinatoriallibrariesofvariouscomponents.Rationallydesigned 

novelcationiclipidsweresynthesized. Altogethermorethan150lipidsandmorethan430 

formulationsweretested.Humanerythropoietin(hEPO)mRNAwasusedasatestmRNA.Inthe 

20 leadformulationsdescribedbelowthemRNAwasformulatedintoLNPusingcombinationsof 

lipids invariouspermutationsofcombinations.  

[002031TheLNPformulationsconsistedoffourlipidcomponents ionizablelipidhelperlipid 

DOPEcholesterolandPEGylatedlipidDMG-PEG-2K.ThePEGylatedlipidmolarfractionwas 

25 heldconstantat1*50owhiletheionizablelipidandthedifferenthelperlipidsandtheirmolarratios 

wereevaluatedtoidentifytheoptimizedratiosbasedontheLIEPOscreeningstudies.  

[002041Ciliatebuffer(1mMciliate,150mMNaClp114.5)wasusedinthepreparationofLNP 

formulation.mRNAsolutionaddedtotheciliatebufferwasmixedwiththelipidsinethanol 

solutionduringtheformulationprocess.ThepEtandtheconcentrationofthebufferwereselected 

30 toachievethehighrateofniRNAencapsulationintheLNPformulation.  
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[002051TheLNPformulationprocessincludedmixingthelipidethanolsolutionandthemRNA 

citratesolutionina'T'mixerusingapumpsystem.Theresultantsolutionwasthensubjectedto 

bufferexchangeusingTFF/dialysistubes. Theconcentrationofthefinalformulationin100o 

(w/v)trehalosewasadjustedbasedondosingneeds.  
5 [002061Mousein vivo expressionofhEPOproteinwasusedasasurrogatetomeasurethepotency 

oftheLNPstodeliverymRNAinvivo. InthisstudyasingledoseofhEPOmRNA(0.1~g) 

formulatedinLNPsderivedfromvariouscombinationsofthecomponentswasinjectedintomice 

intramuscularly(IM).Serumcollectedat6hoursand24hoursafteradministrationwastestedfor 

hEPOlevelsusingELISA.MC3formulationanindustrybenchmarkwasusedareferencefor 

10 thecalculationoffold-increaseinhEPOexpression(AngewC/tern hit Ed. (2012)51:8529-33).  

[002071ThelevelofliEPOexpressionseenforeachLNPformulationindicatedtheformulations 

abilitytodelivermRNAintocells. Theinitialformulationsincluded2-dioleoyl-sn-glycero-3

phosphoethanolamine(DOPE;helperlipid),DMG-PEG2000andcholesterolatthemolarratioof 

cationiclipid:DMG-PEG2000:cholesterol:DOPEat40:1.5:28.5:30.Theseformulationswere 

15 foundtohaverobustpotencywhencomparedtoMC3formulations.  

[002081Furtherformulationsweretested.OptimizedformulationsLipidALNPandLipidBLNP 

areshowninTable1. ThemRNAintheseformulationscanbemodifiedorunmodifiedandmay 

encodeanantigenderivedfromavirussuchasinfluenzaorSARS-CoV-2.  

20 Table1 CompositionofExemplaryLNPFormulations 

mRNA Activesubstance mRNAConstruct 

CationicLipidOF-02 IonizablelipidfacilitatesmRNA 
A orcKLKL-E1O B enca sulation () () p 

lipid DOPE release 9 lipid, enhances uptake and 
nanoarticle _________________________ 9 ofdru a load p Delivery gpy 

(LNP) Cholesterol Providesstabilitytolipidbilayer 

DMG-PEG-21( Providescontrolandstabilitytothe 
______________________________________________________________ lipidbilayer 

Trehalose Excipient Cryoprotectant 

WaterforInjection(WEI) Diluent N/A 
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[002091 InTable1,thefinaldosingforahumanvaccinewouldbedilutionoftheabovefinalbulk 

productinphosphate-bufferedsaline(PBS)basedontheintendedsinglehumandose.TheWFJ 

5 amountiscalculatedbaseduponnominaloffinaldrugproduct. Trehalosecontentinthe 

formulationcorrespondsto100o(100mg/mL)trehalosedihydrateconvertedtoananhydrousbasis 

usingtheratioofthemolecularweightvaluesofanhydroustrehaloseandtrehalosedihydrate.  

[002101 Themolarratiosoflipidcomponentsintwooptimizedformulations LipidAandLipid 

BLNPformulations areshowninTable2(CL:cationiclipid).  

10 

Table2.MolarRatiosofLipidComponentsinExemplaryLNPs 

CL LNPCode MolarRatiosofCL:DMG-PEG2000:Cholesterol:DOPE 
9 9 

OF-02 LipidA 40:1.5:28.5:30 

cKk-E1O Lipid B 40:1.5:28.5:30 

[002111AsshowninTable3andFIG.lAthefoldincreaseofhEPOexpressionforLipidAand 

LipidBcomparedtoMC3indicatesthesuperiorityoftheseLNPsoverMC3forthedeliveryof 

15 mRNA.Inthetablebelow,"P2"meansPEG2000;"TimesMC3"meansthefoldofincreaseover 

MC33and"StdDevmeansstandarddeviation.  

Table3.InvivoDeliveryofhEPOmRNAinMice 

StudytA Cationielipid FormulationComposition Times Std 

OF-02 Cationiclipid:DMG-PEG2000:cholesterol:DOPE 0.97 
______ (P2 lowDOPE) 40:3:27:30 _____ 

9 9 9 9 

OF-02 Cationiclipid:DMG-PEG2000:cholesterol:DSPC 0.18 0.17 
(P2w/DSPC) 50:1.5:38.5:10 _____ 

2 OF02 Cationiclipid:DMGPEG2000:cholesterol:DOPE 
__________________________ 40:1.5:28.5:30 5.04 1.79 

3 OF-02 Cationiclipid:DMG-PEG2000:cholesterol:DOPE 735 3.90 
______ hDOPE) 40:1.5:13.5:45 _____ 

4 OF-02 Cationiclipid:DMG-PEG2000:cholesterol:DOPE 16.19 7.86 
__________________________ 40:1.5:28.5:30 _______________ 

5 OF-02 Cationiclipid:DMG-PEG2000:cholesterol:DOPE 12.13 6.56 __________________________ 40:1.5:28.5:30 _______________ 
6 ckk-E1O Cationiclipid:DMG-PEG2000:cholesterol:DOPE 5.41 3.46 

__________________________ 40:1.5:28.5:30 _______________ 
7 cKLKL-E1O Cationiclipid:DMG-PEG2000:cholesterol:DEPE ~ 2.09 

_______ (DEPE) 40:1.5:28.5:30 ______ 
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Study#1 Cationielipid FormulationComposition Times Stcl 

__________________________________________________ MC3 Dcv 

OF-02 Cationiclipid:DMG-PEG2000:cholesterol:DOPE 6.59 2.50 
(177nm) 40:1.5:28.5:30 _____ 

4 9 4 9 

OF-02 Cationiclipid:DMG-PEG2000:cholesterol:DOPE 494 1.75 
(161nm) 40:1.5:28.5:30 _____ 

OF-02 
Cationiclipid:DMG-PEG2000:cholesterol:DOPE 7.40 3.54 

(153 nm) 40:1.5:28.5:30 ___________________ 
OF-02 Cationiclipid:DMG-PEG2000:cholesterol:DOPE 7.15 3.86 

(133nm) 40:1.5:28.5:30 _____ 

OF-02 Cationiclipid:DMG-PEG2000:cholesterol:DOPE 5.91 2.79 
llSnm 40:1.5:28.5:30 ________________ 

___________________ ___ ___ 

OF-02 Cationiclipid:DMG-PEG2000:cholesterol:DOPE 10.54 4.38 
______ (118nm) 40:1.5:28.5:30 _____ 

OF-02(DSPC) Cationiclipid:DMGPEG2000:cholesterol:DSPC 0.00 0.00 
_________________ 40:5:25:30 ________________ 

Cationiclipid:DMG-PEG2000:cholesterol:DSPC ~ OF-02(DSPC) 40:3.5:26.5:30 ___________________ 

OF-02(DSPC) Cationiclipid:DMGPEG2000:cholesterol:DSPC 0.00 0.00 
________________ 40:2:28:30 _______________ 

OF-02(DSPC) Cationiclipid:DMGPEG2000:cholesterol:DSPC 0.99 0.70 
__________________________ 40:2:53:5 ________________ 

Cationiclipid:DMG-PEG2000:cholesterol:DOPS 3.26 1.97 OF-02(DOPS) 40:1.5:28.5:30 ________________ 

OF-02(DEPE) Cationiclipid:DMGPEG2000:cholesterol:DEPE 11.83 6.89 
_________________ 40:1.5:28.5:30 _______________ 

10 Cationic 
OF-02(DOPC) lipid: 3.32 1.20 

_________________ 40:1.5:28.5:30 _______________ 

OF-02 Cationiclipid:DMG-PEG2000:cholesterol:DOPE 7.14 3.37 
__________________________ 40:1.5:28.5:30 _______________ 

cKUKL-E1O Cationiclipid:DMG-PEG2000:cholesterol:DOPE 5.58 2.01 
_________________ 40:1.5:28.5:30 _______________ 

(PD lot) 40:1.5:28.5:30 _______________ 
9 9 9 9 

cKUKL-E1O Cationiclipid:DMG-PEG2000:cholesterol:DOPE ~. 16 3.25 __________________________ 40:1.5:28.5:30 _______________ 

[002121FIG.lBshowsIfEPOexpressioninmiceandnon-humanprimates(NIJPs)usingLNPs 

LipidAandLipidB. AsingledoseofhEPOmRNA(0.1ggformiceand10~gforNIJPs) 

formulatedwithLipidAorLipidBwasinjectedintramuscularly. SerumhEPOlevelswere 

5 quantifiedat6,24,48and72hoursafteradministrationusingELISA.Thedatashowprolonged 

hEPOproteinexpressioninvivoevenbeyond4daysinmiceandNEUPs.  

[002131Oneofthekeyprocessparametersidentifiedduringoptimizationwastheflowrateduring 

initialmixingstep.FormulationswithdifferentfinalLNPsizes(rangingfrom108-177nm)were 

preparedbychangingtheseflowratesduringmixingallowingadditionalcontrolonprocessand 
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productattributes.Thehighertheflowratethesmallertheparticlesize. Whentheflowrate 

reached375mi/mmproducinganaverageLNPsizeof108nMtherewasamarkedlyincreased 

potency.TheimpactofsizeonpotencyofLNPwasnotedasameasureoffoldincreaseinhEPO 

expressionoverMC3asTable4.  

5 

Table4.LNPSizeOptimization 

Formulation TotalFlowrate Size PDI Encapsulation Cationic Times 

Lot# (ml/minj (nmj Lipid MC3 

1 250 108 0.077 99 MC3 1.00 

2 62.5 177 0.086 94 OF-02 6.59 

3 75 161 0.075 95 OF-02 4.94 

2-88 87.5 152 0.116 97 OF-02 7.40 

2-89 125 133 0.089 97 OF-02 7.15 

2-90 250 115 0.076 98 OF-02 5.91 

2-91 375 108 0.042 98 OF-02 10.54 

*PDJ:polydispersityindex.  

[002141TheabovescreeningdatashowthathelperlipidDOPEwaseffectiveinpromotingprotein 

10 expression.Thedataalsoledtodeterminationofthepromisingmolarcompositionofthefour 

lipids(OF-02orcKK-E1O:DMG-PEG-2K:cholesterol:DOPE 40:1.5:28.5:30). LNP 

formulationsin100otrehalosewerecharacterizedforallparametersincludingparticlesizePDJ, 

characteristicsandstabilityinfreeze/thawcycling.Thelong-termstabilityoftheformulationat

15 800 Cin100o(w/v)trehalosewasassessed.LipidAandLipidBformulationswereshowntobe 

highlystable.  

Example2:InfluenzailiNiLNPVaccineFormulations 

[002151Influenzapandemicscanoccurwhenanovelinfluenzavirusemergesinthehuman 

20 population.Suchpandemicsremainamajorthreattopublichealth, requiringvigilantaffention 

andpreparednesswithcountermeasurestobeusedintheeventofsustainedhuman-to-human 

spreadofthevirus.IntheexperimentsdescribedinthisExamplehemagglutinin(HA)froma 

highlypathogenicJJlNistrainA/Califomia/7/2009(CA09),thecauseofthe2009flupandemic, 
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wasusedasaprototypeantigentoevaluatethepotencyofmRNAvaccinespreparedwithLNP 

formulationsofLipidAandLipidB.  

[002161TheEtAmRNAwaspreparedasdescribedabove.Ciliatebuffer(1mMcitrate,150mM 

NaCLp114.5)wasusedinthepreparationoftheLNPcompositions.Acitratebuffercontaining 

5 themRNAwasmixedwiththelipidsinethanolsolutionduringtheformulationprocess.Thep11 

andtheconcentrationofthebufferwereselectedtoachievethehighencapsulationrateofmRNA 

intheLNPformulations.Thetwosolutions(mRNAincitratebufferandlipidsinethanolsolution) 

weremixedina"T"mixerusingapumpsystemresultinginahomogeneouspulselessflow, 

whereinthelipidsandthemRNAweremixedataconstantratiothroughouttheprocess.Thiswas 

10 criticaltoachieveahomogeneousformulationwiththedesiredsizeandalowPDJanindicatorof 

amorehomogeneoussizedistribution.ThisprocessresultedinhighmRNAencapsulationwhich 

iscriticalforachievinghighpotency.Theresultantsolutionwasthensubjectedtobufferexchange 

usingTFF/dialysistubes.  

[002171InamousestudyefficacyofLipidAandLipidBCAO9HAformulationswereassessed 

15 inahead-to-headcomparisontoMC3LNPformulationaswellasrecombinantHA(rHA).CAO9 

(Hi)HAmRNA(0.4kg)formulatedwithdifferentcationiclipidswasinjectedintramuscularly 

intoBalb/Cmice(n8)onday0(DO)andday28(D28).Immunogenicityofthevaccinesas 

indicatedbyHAinhibition(HAl)titersisshowninFIG.2A. Thedatashowthattwo 

immunizationsofLipidAorLipidBonday0(DO)andday28(D28)elicitedhighHAltitersand 

20 allowedcompleteprotectionofanimalsfromhomologousviralchallenge(BelgiumO9HiNivirus) 

loss)wereobservedwithintheLipidAandLipidBtreatedgroupswhileasmallnumberof 

animalswithintherecombinantproteincontrolgroupdemonstratedmorbidity(FIG.2B).  

[002181SimilarlymRNAencodingneuraminidase(NA)fromtheMich15influenzastrain 

25 (Michi5Ni)wasformulatedwithLipidAandevaluatedforitspotency.Twodoses(0.4or0.016 

kg)ofNAmRNAformulatedwithLipidAwereinjectedintramuscularlyintoBalb/cmice(n8) 

Thecontrolgroups(n8)wereinjectedwith0.6kgofhEPOmRNAorwithdiluent.Halfofthe 

micereceivedonlyoneinjection(1dose)onstudyday0,whiletheotherhalfreceivedtwo 

injections(2doses)givenatstudyday0andday28. ThedatashowthatthisNiLipidA 

30 formulationelicitedrobustimmuneresponseasindicatedbyNAinhibition(NAI)titers(FIG.  

3A).Thedatafurthershowthatthemicetreatedwitheitheronedoseortwodosesofthevaccine 
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(FIG.2B).During14daysofpostchallengeobservationnoobvioussignsofmorbidity(weight
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wereprotectedfromlethalviralchallengebyBelgiumO9JJlNi(FIG.3B).Thelevelofprotection 

correlatedwiththeNAJtitersofvaccinetreatmentgroupsversusthenegativecontrolgroups 

(hEPOanddiluent).  

[002191TheCAO9111mRNAformulatedwiththepresentLNPswasalsotestedinanNEUPmodel.  

5 ThemRNA(10kg)wasformulatedwithLipidAandLipidBandinjectedintramuscularlyinto 

cynomolgusmacaquemonkeys(n6)onstudydays0and28.DetectableHAlprimingbyday14 

andasignificantboostinLUAJtiterbyday28forallLNPswereobserved(FIG.4,rightpanel).  

ELISAdataalsodemonstratedsignificantprimingoverbaselinebyday14foralldosestestedwith 

arobustboostdetectedtwoweeksaftertheboost(FIG.4,leftpanel).Theresultsshowthatthe 

10 presentLII1mRNAformulationsresultedinrobustimmuneresponsesasindicatedbyLUAJand 

endpointELISAtiters.  

Example3:Influenza113N2LNPVaccineFormulation 

[002201ThisExampledescribesexperimentsinwhichmRNA-LNPvaccineformulationsfor 

15 influenzastrainSing16(113N2)wereevaluatedforpotency.OneofthemRNAsusedinthese 

experimentsisMRT1400.MRT1400isabiosyntheticcodon-optimizedJJA-J13(influenzavirus 

hemagglutinin113subtype)messengerRNA(CO-IJA-113mRNA)manufacturedbyinvitro 

transcription.  

U 

[002211Theproteinsequenceforinfluenzavirushemagglutinin113subtypeisshownbelow.  
20 MKTIIALSYI LCLVFAQKIB GNDNSTATLC LGHHAVBNGT IVKTITNDRI 

EVTNATELVQNSSIGEICDS BHQILDGENC TLIDALLGDB QCDGFQNKKW 

TSSACIRGSS SSFFSRLNWL THLNYTYBAL NVTMBNKEQF DKLYIWGVHH 

BGTDKDQIFL YAQSSGRITV STKRSQQAVI BNIGSRBRIR DIBSRISIYW 

25 TIVKBGDILL INSTGNLIAB RGYFKIRSGK SSIMRSDABI GKCKSECITB 

NGSIBNDKBFQNVNRITYGACBRYVKHSTL KLATGMRNVB EKQTRGIFGA 

IAGFIENGWE GMVDGWYGFRHQNSEGRGQAADLKSTQAAI DQINGKLNRL 

IGKTNEKFHQ IEKEFSEVEGRVQDLEKYVE DTKIDLWSYNAELLVALENQ 

HTIDLTDSEMNKLFEKTKKQ LRENAEDMGN GCFKIYHKCDNACIESIRNE 

30 TYDHUVYRDEALNNRFQIKGVELKSGYKDW ILWISFAISC FLLCVALLGF 
IMWACQKGNI RCNICI* (SEQ IDNO:1) 

[002221Thecodingsequenceforthisproteinwascodon-optimized. Thecodon-optimized 

sequenceencodingtheproteinisshowninFIG.SA(SEQIDNO:2),wherethewildtypesequence 

35 isshownasSEQIDNO:3.ThemRNAstructureandsequenceareshowninFIGs.SBandSC, 

respectively.Asshowninthefiguresthe[IA-113mRNAcodingsequenceisflankedby5' and3' 
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untranslatedregions(UTRs)of140and100nucleotidesrespectively.Thebiosynthetic[IA-H3 

mRNAalsocontainsa5' capstructureconsistingofa7-methylguanosine(nYG)residuelinked 

viaaninverted5'-5' triphosphatebridgetothefirstnucleosideofthe5' UTRwhichisitself 

modifiedby2'-O-ribosemethylation.The5'capisessentialforinitiationoftranslationbythe 

5 ribosome.Theentirelinearstructureisterminatedatthe3' endbyatractofapproximately100to 

500adenosinenucleosides(polyA).ThepolyAregionconfersstabilitytothemRNAandisalso 

thoughttoenhancetranslation.Allofthesestructuralelementsarenaturallyoccurringcomponents 

usedtopromotetheefficienttranslationoftheHA-J13mRNA.  

[002231ADNAplasmidwasconstructedforproducingthecodon-optimizedmRNAsequenceby 

10 invitrotranscription.Invitrotranscription(JVT)reactionwascarriedoutusingRNApolymerase.  

Thereactionmixeswereprecipitated.TheprecipitatedRNAsampleswereloadedontoindividual 

depthfiltrationcassettewashedwith800oethanolandre-dissolvedwithrecirculatingwater.A 

secondaliquotofwaterwaspumpedthroughinamannersimilartothefirststep.Thisstepwas 

repeatedonemoretime.Thepooledeluatesweresubjectedtoultrafiltration/diafiltrationusinga 

15 50kDhollowfiberTFFcassette.EachJVTTFFpoolwasthendilutedinpreparationforcapand 

tailreactions.Cap-tailreactionswereprecipitatedandtheRNAfromthereactionwaspurified 

andcollectedasdescribedabove.ThefilteredmRNAwasstoredat-20 0 Cuntiluse.  

[002241IntheseexperimentsmRNAencodingSingl6NA(N2)orSingi6HA(113;MRT1400 

mRNA)antigenswasformulatedwithLipidAorLipidBLNPsandinjectedintramuscularlyinto 

20 Balb/cmice(n8)onDOandD28at0.4jigofmRNAperdose. Forcomparison,1jigof 

injectedbytheintramuscularrouteintoBalb/cmice(n8)Immuneresponsesweremeasuredby 

NAIandHAlassays.  

[002251ThedatashowthatanimalsimmunizedwithNA(N2)mRNAdemonstrateddetectable 

25 NAIprimingbyday14andasignificantboostinNAItiterbyday28(FIG.6,rightpanel).The 

dataalsoshowthatHASing16LipidAandLipidBformulationselicitedrobustHAlresponses 

afterboostingonday28(FIG.6,leftpanel).  

[002261 SimilarlytheSingi6HAmRNALipidAandLipidBvaccineswereevaluatedinnon

humanprimates(NHPs),cynomolgusmacaquemonkeys(n6).TheHASing16mRNA(50jig) 

30 formulatedwithLipidAorLipidBwasinjectedbytheintramuscularrouteintothemonkeys.The 

firstinjectionwasgivenatstudyday0andthesecondinjectionwasgivenatstudyday28.The 
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recombinantSing16113orSing16N2proteinwithanoil-in-wateremulsionadjuvant(AFO3)was
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datashowthatthevaccineselicitedrobustimmunefunctionalresponsesboostedonday28(FIG.  

7A).  

[002271InadditionfourdoselevelsofliASingl6mRNAformulatedinLipidA(i.e.,MRTS400 

vaccine) 15,45,135and250gg wereevaluatedinNUPs.Thefirstimmunizationwasgiven 

5 atstudyday0secondimmunizationatstudyday28.AllNEUPsdemonstratedJgGbindingand 

HAltitersforalldosestestedwithnodifferencesinimmuneresponsebetweenthevariousdoses 

testedattwoweeksafterthesecondinjectionatD42(FIGs.7Band7C).  

[002281TheSing16HAmRNALipidAvaccinewasalsoevaluatedforaTcellresponseinNEUPs 

afterthesecondvaccination.Peripheralbloodmononuclearcells(PBMCs)werecollectedatday 

10 42andincubatedovernightwitheithertheSing16[13recombinantproteinorthepeptidepools 

representingtheentire[IAopenreadingframe.Cytokinesinducedbythere-stimulationwere 

assessedinELISPOTassays.ThefrequenciesofPBMCsecretingJFN-yaThicytokine(FIG.  

8A),orIL-13, aTh2cytokine(FIG.8B)werecalculatedasspot-formingcells(SFC)permillion 

PBMC.Themajorityofanimalsinthethreedoselevelgroupstested(250kg,135~gand45~g) 

15 demonstratedthepresenceofhighfrequencyofJFN-ysecretingcellswithover100SFCsper 

millionPBMCs(FIG.8A).Adose-responsewasnotobservedastheanimalsinthelowerand 

higherdoselevelgroupsshowedcomparablefrequenciesofJFN-ysecretingcells.Incontrastthe 

presenceofIL-13cytokinesecretingcellswasnotdetectedinanyofthegroupstestedandatany 

doselevel(FIG.8B).ThesedatapresentedclearevidenceforaThi-biasedcellularresponseand 

Example4:InfluenzaLNPVaccineFormulationswithModifiedmRNA 

[002291ThisExampledescribesexperimentscomparingthepotencyofvaccinescontaining 

unmodified(unmodifiednon-replicatingor"UNR")andmodified(modifiednon-replicatingor 

25 "MNR")mRNA.IJNRCAO9HAmRNAandMNRCAO9HAmRNAwerepreparedby*0 vitro 

transcription.InMNRalluridineswerereplacedbypseudouridines.  

[002301Fivedifferentdoses(0.016,0.08,0.4,2,and10~g)ofCAO9HAmRNA(eithermodified 

orunmodified)formulatedwithLipidAwereinjectedbytheintramuscularrouteintoBalb/cmice 

(n15) ThedatashowthattheLNPformulationsincreasedthestabilityanddeliveryefficiency 

30 ofnakedmRNA(UNR),forthepotencybetweenIINRandMNRmRNAwascomparableas 

indicatedbyHAltiters(FIG.9A).ELISAdataforBalb/cmicealsodemonstratedsignificant 
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20 alackofTh2responsetotheHAantigenfollowingvaccinationinNIJPs.
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primingoverbaselinebyday14foralldosestested(bothLINkandMNRmRNAs),witharobust 

boostdetectedtwoweeksaftertheboost.ThedataalsoshowthatliNkand~RmRNAswere 

comparableinelicitingELISAtiters(FIG.9B).  

[002311Inconclusionthepresentdosetitrationstudydemonstratedthatunmodifiedandmodified 

5 CAO9[IAmRNAformulatedwithLipidAelicitedstatisticallyindistinguishableimmune 

responsesinBalb/cmiceasindicatedbyeitherLUAJorbyendpointBLISAassay.Balb/cmice 

immunizedwiththefourhigherdosesofliNkandMNRmRNAdemonstratedetectable[IAJ 

primingbyday14andasignificantboostinLUAJtiterbyday42foralldoses.Theseday-14 

primingtitersrepresentbothadoseeffectanddosesparingpotentialforgeneratingdetectable 

10 titersovera125-foldrange. Thesecondinjectiontitersatthesamedoserangeconfirmsthe 

robustnessoftheimmuneresponsetothismRNA-LNPformulation. Similarresultswerealso 

observedinnon-humanprimates.  

Example5:Multi-ValentInfluenzaVaccineLNPFormulation 

15 [002321ThisExampledescribesastudyusingaLipidA-basedLNPvaccinecontainingmRNA 

encodingCAO9[IA(asdescribedinExample2)andmRNAencodingSingi6HA(asdescribed 

inExample3).  

[002331MorespecificallyCAO9EtAmRNAandSingl6EtAmRNAco-encapsulatedinLipidA 

wereevaluatedinBalb/cmice(n8) mRNA-LNPwasadministeredastwomRNAsco

20 encapsulatedordosedseparatelyassinglyencapsulatedmRNAs.Forbothapproachesatotalof 

givenatstudyday0andthesecondinjectionwasgivenatstudyday28.Thedatashowthatthe 

vaccineselicitedrobustimmunefunctionalresponses.Theredidnotappeartobeanydifference 

betweenthetwoadministrationapproaches.Thesedatashowthatco-encapsulationdidnotcause 

25 hindranceorinterferencebetweenthetwomRNAs.  

Example6:FurtherStudiesonMulti-ValentInfluenzaVaccineLNPFormulations 

[002341ApanelofunmodifiedmRNAsencodingCAO9[IASingl6[IASingl6NAMichiS 

NAA/Perth/i6/2009Influenzavirus(PerthO9NA),andreporterantigensoffireflyluciferase(FF) 

30 andhEPOwereprepared.LNPformulationsfor[IAandNAmRNA-LNPpreparationwerethen 
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0.4kgLNPformulationwasinjectedintomicebyintramuscularinjection.Thefirstinjectionwas
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testedforexpressioninvirotheimmuneresponsesinanimalsandforpotencyinpreclinical 

models.ForthestudiesinthisExamplealloftheLNPformulationsweretheLipidAformulation.  

MaterialsandMethods 

mRNA-LNPPreparations 

5 [002351mRNAtranscriptsencodingforhEPOFFCAO9HASingl6HAMichl5NAand 

Sing16NAweresynthesizedbyinvitrotranscriptionemployingRNApolymerasewithaplasmid 

DNAtemplateencodingthedesiredgeneusingunmodifiednucleotides.Theresultingpurified 

precursormRNAwasreactedfurtherviaenzymaticadditionofa5capstructure(Cap1)anda3' 

poly(A)tailofapproximately200nucleotidesinlengthasdeterminedbygelelectrophoresisand 

10 purified.AllmRNApreparationswereanalyzedforpurityintegrityandpercentageofCap1 

beforestorageat-20 0 C. PreparationofmRNA/lipidnanoparticle(LNP)formulationswas 

describedabove. Brieflyanethanolicsolutionofamixtureoflipids(ionizablelipid, 

phosphatidylethanolaminecholesterolandpolyethyleneglycol-lipid)atafixedlipidandmRNA 

ratiowerecombinedwithanaqueousbufferedsolutionoftargetmRNAatanacidicpHunder 

15 controlledconditionstoyieldasuspensionofuniformLNPs.Uponultrafiltrationanddiafiltration 

intoasuitablediluentsystemtheresultingnanoparticlesuspensionsweredilutedtofinal 

concentrationfilteredandstoredfrozenat-80 0 Cuntiluse.ThemRNA-LNPformulationswere 

characterizedforsizebydynamiclightscafferingpercentageencapsulationandwerestoredat

800 Catlmg/mLuntilfurtherusebydilutionwithsuitablebuffer.hEPO-LNPsandFF-LNPswere 

20 utilizedtochecklevelofexpressionoftargetproteininvivo.  

a 

[002361Immunocytochemistry-immunofluorescenceanalysisofinfluenzaNAandHA-proteins 

wasperformedinHeLacellstransfectedwithbivalentH3N2(Sing16HAandPerthO9NA) 

mRNAsLNPs)usingmethoddescribedpreviously(Kalninetal.,npjVaccines(2021)6:61).Cells 

25 werefixedin40o paraformaldehydeandsubjectedantibodystainingforHA(GeneTex 

GTX40258),NAandERmarkerCalnexin(Abcamab22595)wasperformed. Imageswere 

capturedonconfocalmicroscopefollowedbyimageanalysisforquantificationofHAandNA 

colocalizationtotheERmeansignalintensityandpercentofcellarea.  

FlowCytometry 

30 [002371Humanskeletalmuscle cells (HskMCs, Lonza)were culturedinMl99 (Life 

Technologies)supplementedwithGlutaMAX(LifeTechnologies),streptomycinpenicillin 
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(Gibco),and200oheatinactivatedFBS(VWR)at37 0 Cwith50oC02.Thecellswereharvested 

bytrypsinizationwashedwithPBS andelectroporatedusinghumanprimarymusclecell 

transfectionkitonNucleofector2b(Lonza)with12mgofmRNAper106cellsfollowing 

manufacturerselectroporationprogramD-033. Post24hourharvestedcellswerefixed, 

5 permeabilizedwithCytofix T M /Perm(BD)andstainedwithCAO9[IA(ImmuneTech),Singl6HA 

(30-2F11-F7-A5,GeneTex),Michl5NA(6G6,ImmuneTech)andSingl6NA(40017-RPO1,Sino 

Biologicals)specificAbfollowedbyPBconjugatedgoatanti-mouseJgGsecondaryAb(Southern 
a Biotech)orAF647conjugatedgoatanti-rabbitJgG(LifeTechnologies). Thentheantibody

labeledcellswereacquiredbyFortessa(BD)andtheexpressionofeachproteinwasanalyzedby 

10 FlowJoT M (TreeStar).  
0 CryogenicTransmissionElectronMicroscopy 

[002381APELCOeasiGlow T M devicewasusedtoplasma-cleanthegridspriortoLNPsample 

applicationandaVitrobotMarkIVSystem(ThermoFisher)withthechamberheldat1000 

humidityand18 0 Cwasusedforplungefreezing.A3.0gldropletofLNPsamplewasdispensed 

15 onto300mesh112/1QUANTIFOIL®gridswithcarbonfilmandgoldbars.Gridswerebloffed 

for4secondsheldinplacefor10secondsandthenimmediatelyplungefrozeninliquidethane 

forstorageandtransfertoaKriosmicroscope. ExposureswerecollectedusingaTitanKrios 

transmissionelectronmicroscope(ThermoFisher)equippedwithaBioQuantumenergyfilterand 

K3directelectrondetector(Gatan)operatingincountingmode.Calibratedphysicalpixelsizeat 

20 thedetectorwas1.38Acorrespondingto64,OOOxmagnification.Atotalof3,14169-framemovie 

Foreachmovieexposurepatch-basedmotioncorrectionbinningofsuper-resolutionpixelsand 

framedose-weightingwasperformedusingRELJON-3.1.34.Fromcorrectedimagesover700 

candidateparticlecoordinateswereextracted.SubsequentdataanalysiswasdonewithMATLAB 

25 PlO19awithimageprocessingtoolbox.  

ImmunizationofMiceandNffPsforExpressionStudies 

[002391GroupsoffourcynomolgusmacaquesIJNHPs)(maleandfemale)andfourtoeightmale 

BALB/cmicewereadministeredintramuscularlyeitherdoseof10gg(~NIJP)or1, 0.5,0.1, and 

0.05jig(mice)withhEPO-LNPpreparedinthesameratioastheoneintendedtobeusedfor 

30 HA/NAmRNA-LNPformulations.Bloodsamplesweretakenpre-administrationandat6h,24h, 

48h,72hand96hpostadministrationtomonitorforserumhEPOexpressionviaanELISAusing 
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exposureswerecollectedatadoseperframeof1.045e/A2withdefocusbetween-0.5to- 1.7gin.
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RandDSystemsQuantikine®IVD®ELISAHumanErythropoietinImmunoassaykitasper 

manufacturersprotocolandreportedasfinalvaluesofmllJ/mlandng/ml.Brieflymicroplate 

wellsprecoatedwithamousemonoclonalantibodyspecificforEPOwereincubatedwith 

specimenorstandard.Afterremovingexcessspecimenorstandardwellswereincubatedwitha 

5 rabbitanti-EPOpolyclonalantibodyconjugatedtohorseradishperoxidase. Duringthesecond 

incubationtheantibody-enzymeconjugateboundtotheimmobilizedEPO.Excessconjugatewas 

removedbywashing.Achromogenwasaddedtothewellsandwasoxidizedbytheenzyme 

reactiontoformabluecoloredcomplex.Thereactionwasstoppedbytheadditionofacidwhich 

turnedthebluetoyellow.Theamountofcolorgeneratedwasdirectlyproportionaltotheamount 

10 ofconjugateboundtotheEPOantibodycomplexwhichinturnwasdirectlyproportionaltothe 

amountofEPOinthespecimenorstandard.Theabsorbanceofthiscomplexwasmeasuredand 

astandardcurvewasgeneratedbyploffingabsorbanceversustheconcentrationoftheEPO 

standards.TheEPOconcentrationoftheunknownspecimenwasdeterminedbycomparingthe 

opticaldensityofthespecimentothestandardcurve. Thestandardsusedinthisassaywere 

15 recombinanthEPOcalibratedagainsttheSecondInternationalReferencePreparation(67/343),a 

urine-derivedformofhumanerythropoietin.  

ImmunizationofMiceandNffPsforImmunogenicityStudies 

[002401GroupsofBalb/cmice(Musmusculus)asperthetreatmentgroupwereimmunizedunder 

isofluraneanesthesiawithadoseof0.05mLofdesignatedvaccinepreparationordiluentviathe 

20 IMrouteinthequadricepsonday0inonehindlegandday28inthecontralateralleg.Micethat 

aftertheveterinarian'sassessmentoftheanimal'shealthpriortothestudytermination.  

[002411NaivemaleandfemaleMauritiusoriginCynomolgusmacaques(Macacafascicularis) 

wereselectedforthestudy.Animalsweighed>2kgandwere>2yearsofageatthestartofthe 

25 study.Animalsselectedforthestudyunderwentcomprehensivephysicalexaminationspriorto 

assignmenttothestudy. Thepre-assignmentassessmentofhealthstatusincludedahands-on 

veterinarianexaminationandbloodsamplecollectionsforCBCanalysisasapplicableperNJRC 

SOPs.Animalsweregenerallyhousedinpairsandacclimatedforatleast3dayspriortothestart 

ofthestudy. Groupsconsistedofupto6animalspertreatmentgroup. Allanimalswere 

30 immunizedunderketamineJJCl(10mg/kgIM)ortelazol(4-8mg/kgIM)sedationwithadose 

of0.5mloftheirrespectedvaccinepreparationordiluentviatheIMrouteinoneforelimbofeach 
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lostmorethan200ooftheirinitialbodyweightanddisplayedsevereclinicalsignswereeuthanized
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a 

animaltargetingthedeltoidonStudyDay0.Twenty-eightdaysafterthefirstimmunizationtook 

placeasecondimmunizationwasgiventotheanimalsinthecontralaterallimb.  

ImmunizationofMiceandNffPsforChallengeStudies 

[002421Micewereinoculatedwiththechallengestrainapproximately9-12weeksafterthelast 

5 immunization.Vialsofstockviruswerethawedanddilutedtotheappropriateconcentrationin 

ice-coldsterilePBS.Allmicewerechallengedwithatotalvolumeof50R 1 containing105.54 

TCJDsoofBelgium09virusinPBSwhichequatedto4LD 5 0 .Viruschallengewasperformedinside 

thebiosafetycabinetinanenhancedABSL2laboratory.MicewerefirstanesthetizedwithanIP 

injectionofaKetamine/Xylazinesolution(50mg/kgKetamineand5mg/kgXylazine),andthen 

10 challengedIN(dropwiseintobothnostrils;25~lpernostril)withatotalvolumeof50R 1 of 

influenzavirususingamicropipeffe. Followingthechallengeproceduremicewereplacedin 

dorsalrecumbencyandobserveduntilrecoveryfromanesthesia.Dailybodyweightsweretaken 

followingJJlNichallenge.Anyindividualanimalwithasingleobservation>200obodyweight 

losswaseuthanized.Theweightmeasurementswereeitherrecordeddailypostchallengeuntil 

15 euthanasiaintheonlinedatabasePristima®(Version7.5.0Build8),orwriffenonstudyspecific 

workingsheets.  

BloodCollection 

[002431Formicebloodwascollectedviasubmandibularororbitalsinusbleeds(in-lifebleed, 

pre-studyandonstudydays14,28,and42approximately200Rl)andcardiacpuncture(terminal 

20 bleedday56)fromallanimalsundersedation.Micewerebledonpre-studytoobtainabase-line 
a 

sampleswerecollectedintoSSTtubesandallowedtoclotfor30minutesto1houratroom 

temperature.Thesampleswerethencentrifuged1000 1300gfor5-10minuteswithbrakesoff 

SerumwascollectedusingaP200pipeffordividedintotwo0.5mlcryovialsandstoredat-20 0 C.  

25 Allbleedsweredocumentedonspecimencollectionandprocessinglogsa thetimeof 

samplecollectionandthetechnicianresponsibleforperformingtheprocedure.Aportionofthe 

serumsampleswereevaluatedintheHAlorELLAandELISAassaysforantibodytiters.  

[002441NUPswerebledforserumisolationwhileunderanesthesiaadministeredintramuscularly 

usinglOmg/kgketamine/1mg/kgacepromazine(days-4,2,7,14,28,30,35,42,56,90,and180).  

30 Thevolumeofbloodwithdrawndidnotexceedestablishedguidelineswithrespecttopercentage 

ofbodyweightandanimal'sphysicalcondition.BloodwaswithdrawnfromanesthetizedNLLPs 

58 

pre-immuneserumsampleandforpre-screeningpurposes. Processingoftheserumblood
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usingfentioralvenipunctureusingaVacutainer21gax1" bloodcollectionneedleorAbboff 

Butterfly23gax¾"tubingattachedtoBDVacutainer®SSTTMgeltubes.Serumwasisolatedby 

spinningthetubesatroomtemperatureataspeedof1200xgfor10minutes.Serumwasthen 

aliquotedintolabeledcryovials(1ml/vial)andstoredatK-20 0 C.Aportionoftheserumsamples 

5 wereevaluatedintheLUAJorELLAandELISAassaysforantibodytiters.ForPBMCsNEUPs 

werepre-bledbeforevaccinationandagainapproximately42-63daysafterthefirstinjection.For 

thispurposebloodwascollectedintoBDVacutainer®tubescontainingheparinanticoagulant.  

BrieflyanticoagulatedbloodsamplesweredilutedinPBSandsubjectedtogradientdensity 

centrifugationfor30minutesat400xgusingIlistopaque®separationsolution(Sigma).The 

10 opaqueinterfacecontainingmononuclearcellswasthencollectedwashedthreetimesinPBS 

usingalowspeed(250xg)centrifugationforthelastcentrifugationtoreducethenumberof 

platelets. Thelivevs.deadPBMCwereenumeratedusingaNexcelomCellometerK2. The 

PBMCwerecryopreservedinFBSwith100oDMSOusingMr.Frosty®freezingboxes.Theboxes 

wereplacedimmediatelyintoa-80 0 Cfreezerfor24hoursandthentransferredforstorageina 

15 liquidnitrogentank.  

ELISA 

[002451TheantibodyELISAswereperformedusingrecombinantlyproducedSing16NAprotein 

Sing16HAproteinorCAO9[IAprotein.Theproteinswerecapturedon96wellhighbinding 

polystyreneplatesataconcentrationof 2 ~ g/mlincarbonate-bicarbonatebuffer.Theplateswere 

20 coveredandincubatedovernight(16+4hours)at2-8 0 C.Afterovernightincubationtheantigen 

ablockingsolution(10%BSAinPBS)for60+30minutesatroomtemperature.Testsamples, 

naivecontrolandthereferencesampleweredilutedinasamplediluent(PBS100~BSA0.50o 

Tween20)andaddedtowellsinduplicatesfollowedbyincubationatroomtemperaturefor90 

anti-mouseLIIRPformouse 
25 minutes.Plateswerewashed5timeswiththewashingbufferandgoat a 

seraorgoatanti-monkeyLIIRPforNEIPserawasaddedatadilutionof1:10,000.Theplateswere 

thenincubated30minutesatroomtemperatureandtheexcessIJRP-JgGwaswashedwiththe 

washingbuffer.Sure-BlueTMBsubstratewasaddedtoeachplateandthereactionwasstopped 

afterabout10minuteswithTMBstopsolution. Theplateswerethenreadat450nmwitha 

30 ThermoLabsystemsMultiskanTMspectrophotometer. Theanti-antigen(HAorNA)specific 
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coatedplateswerewashed5timeswithawashingbuffer(PBS,0.50oTween2O)andblockedwith
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antibodytiterswereexpressedasareciprocalofthehighestserumdilutionwithanabsorbance 

value>0.3.  

HAlAssay 

[002461LUAJassayswereperformedusingtheSingi6[13N2andtheCAO9FiN1virusstocks 

5 (BIOQUALInc.).Seraweretreatedwithreceptor-destroyingenzyme(RDE)bydilutingone-part 

serumwiththreepartsenzymeandincubatedovernightina37 0 Cwaterbath. Enzymewas 

inactivatedbya30-minuteincubationperiodat56 0 CfollowedbyadditionofsixpartsPBSfora 

finaldilutionof1/10. HAlassayswereperformedinV-boffom96-wellplatesusingfour 

hemagglutinatingunits(IJAU)ofvirusand0.50oturkeyRBC.ThereferenceserumforeachsWain 

10 wasincludedasapositivecontroloneveryassayplate.Eachplatealsoincludedaback-titration 

toconfirmtheantigendose(4IJAU/241)aswellasanegativecontrolsample(PBSornaive 

controlserum). TheLUAJtiterwasdeterminedasthehighestdilutionofserumresultingin 

completeinhibitionofhemagglutination.Resultswereonlyvalidforplateswiththeappropriate 

back-titrationresult(verifying4JJAU/25R 1 added)andareferenceserumtiterwithin2-foldof 

15 theexpectedtiter.  

NAIAssay 

[002471Themethodfortheenzyme-linkedlectinassay(ELLA)assaywasusedtodetermine 
a 

neuraminidase-inhibiting(NAJ)antibodytiters.Thesourceofantigen(virusNA)wastitrated, 

andastandardamountwasselectedforincubationwithserialdilutionsofserum.Titrationofsera 

20 wasperformedwithserialdilutionsofsera(heatinactivatedat56 0 Cfor1hour)andastandard 

incubatedovernight(16-18hours);thenextdayIJRP-conjugatedpeanutagglutininPNA(diluted 

to2.5~g/ml)wasaddedtothewashedplateandincubatedfor2hoursatroomtemperature.  

Substrate(ODPinsodiumcitrate)wasaddedandincubatedfor10minutestodevelopthecolor.  

25 Andthenstopbuffer(iNsulfuricacid)wasaddedtostopthereaction.Plateswerescannedfor 

absorbanceatOD490nm.Thereductionorabsenceofcolorrelativetoaviralcontrolindicated 

inhibitionofNAactivityduetothepresenceofNA-specificantibodies.NAJtiters(JC5ovalues) 

werecalculatedfromtheODreadingsandtheresultsweregraphedinGraphPadPrism.IfELLA 

titrationcurvesdidnotallowagoodfittodetermineareliable1C50valuethesampleswere 

30 retestedusingadifferentdilutionschemetoreachthe500~,endpoint.  
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TcellELISPOTAssay 
a 

[002481Completemedium(DMEM1640+100oheat-inactivatedFCS)wasprewarmedina37 0 C 

waterbath.PBMCswerequicklythawedina37 0 Cwaterbathandtransferreddropwisetoconical 

tubeswiththeprewarmedmedium.Thetubeswerecentrifugedat1,500rpmfor5minsandthe 

5 cellswereresuspendedandcountedusingaGuavacellcounter.MonkeyJFN-yELISPOTkit 

(Mabtech3421M-4APW)andIL-13ELISPOTkit(Mabtech3470M-4APW)wereused.  

PrecoatedplatesprovidedbythekitswerewashedfourtimeswithsterilePBSandblockedwith 

200glofcompletemediumin37 0 Cincubatorforatleast30minutes.Sing16[13peptidespool 

(GenscriptCustomOrder)(at1gg/mlofeachpeptide)wereusedasrecallantigensintheassay.  

10 Twogg/mlofConA(SigmaCAT#C5275)wasusedasapositivecontrol. Fiftyglofrecall 

antigensand300,000ofPBMCsin50glwereaddedtoeachwellforstimulation.Theplateswere 

placedina37 0 C,50 C02humidifiedincubatorfor48hours.  

[002491Aftertheincubationcellswereremovedplateswerewashed5timeswithPBSand 

1OOglof1gg/mlbiotinylatedanti-JFN-yoranti-IL-13detectionantibodieswereaddedtoeach 

15 wellintheplates. Aftera2hourincubationtheplateswerewashed5timeswithPBSand 

incubatedwith100glofa1:1000dilutionofstreptavidinineachwellforonehouratroom 

temperature.Platesweredevelopedwith100glofBCJP/NBTsubstratesolutionuntilthespots 
a 

emerged. Plateswererinsedbytapwaterair-driedandscannedandcountedusingCTL 

ImmunoSpot®Reader(CellularTechnologyLtd.).Thedatawasreportedasspotsformingcells 

20 (SFC)permillionPBMCs.  

[002501HumanJgGSingle-ColormemoryBcellELISPOTkit(CAT#NC1911372,CTL)was 

usedpermanufacturersinstructiontomeasureSing16[13-specificandtotalJgG~antibody

secretingcells(ASCs). DifferentiationofMBCsintoASCswasperformedinPBMCusinga 

25 stimulationcocktailprovidedbythekit.BrieflyfrozenPBMCswerequicklythawedina37 0 C 

waterbathmixedwithDNaseI(CAT#90083,FisherScientific)andtransferredintothetube 

containingpre-warmedcompleteculturemedium(CM)(RPMJ1640,(CAT#22400-089,Gibco) 

containing100oFCS(CAT#51130073.03,HyClone T M ),and10openicillin/streptomycin(CAT# 

P4333,Sigma)andcentrifugedat1,500rpmfor5minutes.Cellpelletwasre-suspendedin5ml 

30 ofcompletemediumat2x10 6 cellspermlandtransferredtoaT25flaskfor1hourin5~~C02 

incubatorat37 0 C.Thevolumeofcellsuspensionwasthenadjustedto6mlandB-Poly-Swas 
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addedat1:1000dilution.CellswereleftintheC02incubatorforstimulationfor4days.PVDF 

microplatessuppliedbythekitwerepre-wettedwith700oethanolrinsedandcoatedovernight 

with80gl/wellofeitheranti-humanJgGcaptureAbprovidedbythekitorSing16/113recombinant 

proteinat4~g/ml.  

5 [002511Cellswereharvestedafter4daysofstimulationwashedandcountedandadjustedtothe 

designatedconcentrationintheCM.CoatedmicroplateswerewashedwithPBSblockedfor1 

hourwiththeCMandemptiedout.Cellsuspensionat100gl/wellwasaddedtotheplatesand 

incubatedinC02incubatorat37Cfor1Shrs.Afterwashing,80gl/wellof1:400diluted a 

humanJgGbiotindetectionantibodywasaddedtotheplateandincubatedatroomtemperature 

10 for2hours.FollowingwashingStreptavidin-APat1:1000dilutionwasaddedtotheplateat80 

gl/wellfor1hour.FreshlypreparedSubstratesolutionwasaddedandincubatedatRTfor18mm.  

Plateswererinsedbytapwaterair-driedandscannedandcountedusingCTLImmunoSpot® 

Reader(CellularTechnologyLtd).ForeachindividualanimalthenumberofJgG~andnumberof 

Singl6/113-specificASCswascalculatedpermillionofPBMCs. Thefrequencyofantigen

15 specificASCswascalculatedas0 ofantigen-specificASCstothetotalJgG~ASCs.Toassess 

assaybackgroundthenegativecontrolwellsoneveryplatewerecoatedwithPBS(nobackground 

wasdetected).  

StatisticalAnalysis 

[002521ForestimatingtheTmaxofRadianceanon-parametricmethodwasusedtoestimatethe 

20 Tmaxofindividualsubjectbasedonobserveddata. Forestimatingthehalf-lifeofRadiance, 

wasfifedtologtransformeddatapersubjectduringthetimecoursefromthemaximumradiance 

todecaytobaseline(weestimatethebaselineusingtheaverageofradianceinsalinegroup).The 

half-lifewasestimatedasthetimepointwhenthelogradiancehadreachedthemiddlepoint 

25 betweenmaximumandbaselinevalues.Foranalysisofdifferentreadoutswithresultssummarized 

asgeometricmeanSEmodelbasedgeometricmeansandSEswereestimatedfromamixedeffect 

modelforrepeatedmeasureswheretheresponsewasthelogtransformedreadoutsvaccination 

wasfixedeffectandtimewasrepeatedmeasure;log-basedmeansandSEestimatesfromthemodel 

werethenbacktransformedtogetgeometricmeansandSEs.Forweightchangeoverdescriptive 

30 statisticalanalysiswasused.Mediansandrangesofeachgroupofthemaximum0~bodyweight 

lossfrombaseline(Day0)overtimewerereportedtoevaluatetheworsescenariowmediansand 
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rangesofeachgroupofthe0~bodyweightchangefrombaselineatthelastobservationwere 

reportedtoevaluatethebodyweightrecovery.  

AntigenSequences 

U 

[002531ThesequenceofthePerthO9N2antigenusedhereis.  
5 MNBNQKIITIGSVSLTISTICFFMQIAILITTVTLHFKQYEFNSBBNNQVMLCEBTIIF 

RNITEIVYLINITIEKEICBKLAEYRNWSKBQCDITGFABFSKDNSIRLSAGGDIWVTR 

FBYVSCDBDKCYQFALGQGTTLNNVHSNNTVRDRTBYRTLLMNELGVBFHLGTKQVCIA 

WSSSSCHDGKAWLHVCITGDDKNATASFIYNGRLVDSVVSWSKFILRTQFSFCVCINGT 

CTVVMTDGSASGKADTKILFIFFGKIVHTSTLSGSAQHVFFCSCYBRYBGVRCVCRDNW 
10 KGSNRBIVDINIKDHSIVSSYVCSGLVGDTBRKNDSSSSSHCLDBNNEFGGHGVKGWAF 

DDGNDVWMGRTISEKSRLGYETFKVIEGWSNBKSKLQINRQVIVDRGNRSGYSGIFSVE 

GKSCINRCFYVELIRGRKEETEVLWTSNSIVVFCGTSGTYGTGSWBDGADINLMBI* 

(SEQIDNO:4) 

15 [002541ThesequenceoftheMichiSNiantigenusedhere U 

MNBNQKIITIGSICMTIGMANLILQIGNIISIWVSHSIQIGNQSQIFTCNQSVITYFNN 

TWVNQTYVNISNTNFAAGQSVVSVKLAGNSSLOBVSGWAIYSKDNSVRIGSKGDVFVIR 

EBFISCSBLECRTFFLTQGALLNDKHSNGTIKDRSBYRTLMSCBIGEVBSBYNSRFESV 

AWSASACHDGINWLTIGISGBDSGAVAVLKYNGIITDTIKSWRNNILRTQESECACVNG 

20 SCFTIMTDGBSDGQASYKIFRIEKGKIIKSVEMKABNYHYEECSCYBDSSEITCVCRDN 

WHGSNRBWVSFNQNLFYQMGYICSGVFGDNBRBNDKTGSCGBVSSNGANGVKGFSFKYG 

NGVWIGRTKSISSRKGFFMIWDBNGWTGTDNKFSIKQDIVGINFWSGYSGSFVQEIBFLT 

GLDCIRBCFWVELIRGREKEFNTIWTSGSSISFCGVNSDTVGWSWBDGAFLBFTIDK* 

(SEQIDNO:5) 
25 

[002551ThesequenceoftheSingl6113antigenusedhereis: 

QNSSICEICDSBEIQILDGENCTLIDALLGDBQCDGFQNKKWDLFVERSKAYSNCYBYDV 

BDYASLRSLVASSGTLFFKNFSFNWTGVTQNGTSSACIRGSSSSFFSRLNWLTHLNYTY 

30 BALNVTMBNKFQFDKLYIWGVHHBGTDKDQIFLYAQSSGRITVSTKRSQQAVIBNIGSR 

BRIRDIBSRISIYWTIVKBGDILLINSTGNLIABRGYFKIRSGKSSIMRSDABIGKCKS 

ECITBNGSIBNDKBFQNVNRITYGACBRYVKHSTLKLATGMRNVBEKQTRGIFGAIAGF 

IENGWEGMVDGWYGFRHQNSEGRGQAADLKSTQAAIDQINGKLNRLIGKTNEKFHQIEK 

FFSFVFGRVQDLFKYVFDIKIDLWSYNAFLLVALFNQHTIDLTDSFMNKLFFKTKKQLR 

35 FNAFDMGNGCFKIYHKCDNACIFSIRNFTYDHNVYRDFALNNRFQIKGVFLKSGYKDWI 

LWISFAISCFLLCVALLGFIMWACQKGNIRCNICI* (SEQIDNO:6) 

[002561ThesequenceoftheSingl6N2antigenusedhereis: 

MNBNQKIITIGSVSLTI511CFFMQIAILITTVTLHFKQYFFNSBBNNQVMLCFBTIIF 

40 RNITFIVYLTNTTIFKFICBKBAFYRNWSKBQCGITGFABFSKDNSIRLSAGGDIWVTR 

FBYVSCDBDKCYQFALGQGTTLNNVHSNNTVRDRTBYRTLLMNFLGVBFHLGTKQVCIA 

WSSSSCHDGKAWLHVCITGDDKNATASFIYNGRLIDSVVSWSKDILRTQFSFCVCINGT 
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CTVVMTDGNATGKADTKILFIEEGKIVHTSKLSGSAQHVEECSCYBRYBGVRCVCRDNW 
KGSNRBIVDINIKDHSIVSSYVCSGLVGDTBRKNDSSSSSHCLNBNNEEGGHGVKGWAF 

DDGNDVWMGRTINETSRLGYETFKVVEGWSNBKSKLQINRQVIVDRGDRSGYSGIFSVE 

GKSCINRCFYVELIRGRKEETEVLWTSNSIVVFCGTSGTYGTGSWBDGADLNLMHI* 

5 (SEQIDNO:7) 

[002571ThcsequenceoftheCAO9LU1antigenusedhereis: 

MKAILVVLLYTFATANADTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGKLC 

KLRGVABLHLGKCNIAGWILGNBECESLSTASSWSYIVETBSSDNGTCYBGDFIDYFEL 

10 REQLSSVSSFERFEIFBKTSSWBNHDSNKGVTAACBHAGAKSFYKNLIWLVKKGNSYBK 

LSKSYINDKGKEVLVLWGIEIEIBSTSADQQSLYQNADAYVFVGSSRYSKKFKBEIAIRBK 

VRDREGRMNYYWTLVEBGDKITFEATGNLVVBRYAFAMERNAGSGIIISDTBVHDCNTT 

CQTBKGAINTSLBFQNIHBITIGKCBKYVKSTKLRLATGLRNIBSIQSRGLFGAIAGFI 
EGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKVNSVIEKMNTQFTAVGKE 

15 FNHLEKRIENLNKKVDDGFLDIWTYNAELLVLLENERTLDYHDSNVKNLYEKVRSQLKN 

NAKEIGNGCFEFYHKCDNTCMESVKNGTYDYBKYSEEAKLNREEIDGVKLESIRIYQIL 

AIYSTVASSLVLVVSLGAISFWMCSNGSLQCRICI* (SEQIDNO:24) 

[002581ThesequenceoftheEtAstrainA/Califomia/7/2009(IIiN1)(CAO9)antigenmRNA 

20 openreadingframe(ORF)usedhereis: 

AUGAAAGCUAUCCUGGUCGUCUUGCUGUAUACUUUCGCCACUGCCAACGCCGACA 
CCCUGUGUAUCGGUUACCACGCGAACAACUCCACCGACACUGUGGACACCGUGCU 
CGAAAAGAACGUGACCGUGACUCAUUCUGUGAAUCUGCUCGAGGACAAGCACAAC 
GGAAAGUUGUGCAAGCUGCGCGGAGUGGCACCGCUGCACCUUGGAAAGUGCAAC 

25 AUUGCCGGAUGGAUCCUGGGAAACCCGGAGUGCGAAAGCCUGAGCACCGCGUCCU 
CAUGGUCCUACAUCGUGGAAACCCCGUCCUCUGACAACGGCACCUGUUACCCCGG 
CGAUUUCAUCGACUACGAAGAACUGCGGGAGCAGCUGUCCUCCGUGUCCUCGUUU 

AGGGCGUGACGGCAGCCUGCCCGCACGCCGGAGCAAAGUCAUUCUACAAGAAUCU 
30 GAUUUGGCUCGUGAAGAAAGGGAACUCAUACCCCAAGCUGUCCAAGUCGUACAUC 

AACGACAAGGGAAAGGAAGUGCUCGUGCUCUGGGGGAUCCACCACCCAUCCACCU 
CCGCCGACCAGCAGAGCCUGUACCAGAACGCCGAUGCUUACGUGUUUGUGGGUUC 
CAGCCGGUACUCCAAGAAGUUCAAGCCUGAAAUCGCGAUCAGGCCUAAAGUCCGG 
GACCGCGAGGGCCGCAUGAACUACUACUGGACUCUCGUGGAGCCUGGAGACAAGA 

35 UCACCUIJFCGAGGCCACCGGAAAUCUCGUGGUGCCACGCUACGCUUUCGCCAUGGA 
ACGGAACGCCGGAAGCGGCAUCAUCAUUAGCGAUACUCCUGUGCAUGACUGUAAC 
ACCACGUGCCAGACACCCAAGGGCGCCAUCAACACCAGCCUGCCGUUUCAAAACA 
UCCAUCCCAUUACCAUUGGGAAGUGCCCCAAAUACGUCAAGUCCACCAAGCUGAG 
GCUGGCGACCGGACUGCGGAACAUUCCGAGCAUCCAGUCGAGAGGCCUGUUCGGU 

40 GCCAUCGCGGGAUUCAUCGAGGGCGGCUGGACUGGAAUGGUGGACGGUUGGUAC 
GGGUAUCACCACCAAAACGAACAGGGAUCAGGCUACGCGGCCGAUUUGAAGUCCA 
CCCAGAACGCCAUUGAUGAAAUCACCAACAAGGUCAACUCCGUGAUUGAGAAGAU 
GAAUACUCAAUUCACCGCCGUGGGCAAAGAAUUCAAUCACCUGGAGAAGAGAAU 
AGAGAACCUGAACAAGAAGGUCGACGACGGGUUCCUCGACAUCUGGACCUAUAAC 

64 

GAACGCUUCGAGAUUUUCCCUAAGACCUCCAGCUGGCCUAAUCACGAUAGCAACA



WO20221099003 PCT/IJS2021/058250 

GCCGAGUUGCUCGUGCUGCUGGAAAACGAACGGACCCUGGACUAUCACGACUCGA 
ACGUGAAGAACCUGUACGAGAAAGUCCGCUCGCAACUGAAGAACAACGCCAAGGA 
AAUCGGAAAUGGUUGCUUCGAGUUCUACCAUAAGUGCGACAACACUUGCAUGGA 
GUCCGUGAAGAACGGCACUUACGAUUACCCCAAGUACUCCGAAGAGGCUAAACUU 

5 AACCGGGAAGAGAUCGAUGGCGUGAAGCUCGAGUCCACCAGAAUCUACCAGAUUC 
UCGCCAUCUACUCGACUGUGGCAUCGAGCCUCGUCCUUGUCGUGUCCCUGGGGGC 
CAUUUCAUUCUGGAUGUGCUCCAACGGGUCCCUGCAGUGCCGGAUUUGCAUCUAA 
(SEQIDNO:8) 

10 [002591ThesequenceoftheA/Michigan/45/2015(Michi5)neuraminidase(NA)antigen 

mRNAopenreadingframe(ORF)usedhereis: 

AUGAACCCAAACCAGAAAAUCAUCACGAUUGGCUCGAUUUGCAUGACCAUUGGA 
AUGGCGAACCUUAUCCUCCAAAUUGGCAACAUUAUCUCGAUCUGGGUCAGCCACU 
CGAUCCAGAUCGGCAACCAAUCCCAGAUUGAAACUUGCAACCAGAGCGUGAUUAC 

15 UUACGAAAACAACACGUGGGUGAACCAGACUUACGUCAAUAUUAGCAACACUAA 
CUUCGCCGCUGGGCAGAGCGUCGUCAGCGUGAAGCUCGCCGGAAAUUCCUCGCUC 
UGCCCCGUGUCCGGCUGGGCGAUCUACAGCAAGGAUAACAGCGUCCGGAUUGGUA 
GCAAGGGCGACGUUUUCGUGAUCCGCGAACCCUUCAUAUCAUGCUCCCCGCUCGA 
AUGUCGCACGUUCUUCCUGACCCAAGGCGCCCUGCUGAACGACAAGCACUCCAAU 

20 GGCACUAUCAAGGAUCGGAGCCCUUACCGGACCUUGAUGUCCUGCCCUAUUGGAG 
AAGUGCCUUCACCAUAUAACUCGCGCUUUGAAAGCGUGGCUUGGUCAGCCUCCGC 
CUGCCAUGACGGGAUUAACUGGCUGACCAUUGGCAUAAGCGGCCCCGAUUCCGGC 
GCCGUGGCCGUCCUGAAGUACAACGGGAUCAUCACCGACACCAUUAAGUCCUGGC 
GCAACAACAUCCUGAGGACCCAGGAGUCCGAGUGCGCGUGCGUGAACGGGUCCUG 

25 CUUUACCAUCAUGACCGACGGACCGUCCGACGGUCAAGCCUCGUACAAGAUCUUC 
CGGAUCGAGAAAGGAAAGAUCAUCAAGAGCGUGGAGAUGAAGGCCCCGAACUAC 
CACUACGAGGAAUGUUCAUGCUAUCCCGACUCGUCCGAGAUUACUUGCGUGUGCC 
GCGACAAUUGGCACGGAUCCAACAGGCCGUGGGUCAGCUUCAACCAGAACCUUGA 

30 GACAAGACCGGAUCGUGUGGGCCCGUGUCCUCCAACGGCGCAAACGGCGUCAAGG 
GAUUUUCCUUCAAAUACGGGAACGGGGUCUGGAUCGGACGGACCAAGAGCAUUU 
CAAGCAGAAAGGGAUUCGAGAUGAUUUGGGACCCGAACGGCUGGACUGGUACCG 
AUAACAAAUUCAGCAUCAAGCAGGACAUCGUGGGAAUUAACGAGUGGUCCGGUU 
ACUCCGGGAGCUUCGUGCAGCAUCCCGAACUCACUGGACUGGACUGCAUUCGGCC 

35 GUGCUUUUGGGUGGAAUUGAUCCGGGGCAGACCUGAGGAGAACACGAUUUGGAC 
CUCCGGCUCCUCGAUCUCGUUCUGCGGAGUGAACUCCGACACCGUGGGAUGGUCC 
UGGCCCGACGGUGCAGAGCUGCCCUUCACCAUUGAUAAGUAA(SEQIDNO:9) 

[002601ThesequenceoftheA/SingaporeJLNFJMHl600l9/2016(Singl6;[13N2)HA 

40 hemagglutininantigenmRNAopenreadingframe(ORF)usedhereais: 

AUGAAAACCAUAAUCGCGCUCUCAUACAUACUUUGCCUGGUCUUUGCCCAAAAGA 
UCCCUGGCAACGACAACUCAACCGCGACCCUUUGCCUCGGCCAUCACGCCGUGCC 
GAACGGCACUAUCGUCAAGACCAUCACAAACGACCGCAUCGAAGUGACCAACGCG 
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ACUGAGCUAGUGCAGAACUCCAGCAUUGGAGAGAUUUGCGAUUCUCCACACCAAA 
UCCUGGACGGAGAGAAUUGUACCUUGAUCGACGCGCUGCUGGGGGAUCCGCAGU 
GCGACGGAUUCCAGAACAAGAAAUGGGACCUUUUCGUGGAACGGAGCAAGGCAU 
ACUCGAAUUGCUACCCCUACGAUGUGCCCGACUACGCCUCGCUGCGGUCCUUGGU 

5 CGCUUCCUCCGGGACCCUGGAAUUCAAAAACGAGAGCUUUAAUUGGACCGGAGUG 
ACCCAGAAUGGCACCUCGAGCGCCUGCAUUCGGGGCUCCUCCUCGAGCUUCUUCA 
GCCGCCUGAACUGGCUCACUCACCUCAACUACACCUACCCGGCACUGAACGUGAC 
CAUGCCGAACAAGGAACAAUUCGACAAGCUCUACAUUUGGGGGGUGCAUCACCCG 
GGUACCGAUAAGGACCAGAUCUUCCUCUACGCCCAAUCCUCGGGCCGGAUCACCG 

10 UGUCCACUAAGCGCUCGCAGCAGGCCGUGAUCCCGAACAUUGGAAGCAGACCCCG 
CAUUCGCGACAUUCCAUCGAGGAUCUCGAUCUACUGGACGAUUGUCAAGCCUGGC 
GACAUCCUCCUCAUUAACUCCACCGGGAACCUCAUCGCCCCUCGGGGUUAUUUCA 
AGAUCCGCAGCGGGAAGUCCUCCAUCAUGAGAAGCGAUGCCCCCAUUGGAAAGUG 
CAAGUCCGAGUGUAUCACACCUAACGGAAGCAUUCCCAAUGACAAGCCAUUCCAG 

15 AACGUGAACAGAAUUACCUACGGAGCUUGCCCUCGCUACGUCAAACAUUCGACCC 
UCAAGULFGGCGACUGGAAUGCGCAACGUGCCGGAGAAGCAAACCCGGGGGAUCU 
UCGGGGCUAUCGCGGGAUUCAUCGAAAAUGGAUGGGAAGGAAUGGUCGAUGGUU 
GGUACGGUUUCAGACACCAGAACUCCGAGGGGCGGGGCCAGGCCGCAGACCUGAA 
GUCCACUCAGGCCGCGAUUGACCAGAUCAACGGAAAGCUCAACAGACUCAUUGGA 

20 AAGACCAACGAAAAGUUCCACCAAAUCGAAAAGGAAUUCUCCGAAGUGGAGGGC 
CGGGUGCAAGACCUGGAGAAGUACGUGGAGGACACUAAGAUCGACCUUUGGAGC 
UAUAACGCAGAACUCCUUGUGGCCCUGGAAAACCAGCACACCAUCGACCUGACCG 
AUUCAGAGAUGAACAAGCUCUUUGAGAAAACUAAGAAGCAACUCCGGGAAAACG 
CUGAGGACAUGGGAAAUGGAUGCUUUAAGAUCUACCACAAGUGCGACAACGCCU 

25 GCAUUGAGUCCAUACGGAACGAAACUUACGACCAUAACGUCUACCGGGAUGAAGC 
CCUGAACAACAGAUUCCAGAUCAAGGGCGUGGAGCUGAAGUCCGGCUACAAAGA 
UUGGAUCCUGUGGAUUUCCUUCGCGAUUUCAUGCUUCUUGCUCUGCGUGGCCCUC 
CUGGGAUUCAUAAUGUGGGCCUGUCAGAAGGGCAACAUUAGGUGCAACAUAUGC 
AUAUAA(SEQIDNO:10) 

30 

(ORF)usedhereis: 

AUGAACCCUAACCAGAAGAUCAUCACAAUUGGAAGCGUGUCCCUGACCAUUUCGA 
CGAUUUGCUUCUUCAUGCAAAUCGCGAUCUUGAUUACCACCGUCACCCUGCAUUU 

35 CAAGCAAUACGAAUUCAACUCCCCGCCAAACAACCAAGUCAUGCUCUGCGAGCCC 
ACCAUCAUCGAACGCAACAUCACCGAGAUCGUGUACCUUACCAACACUACCAUCG 
AAAAGGAGAUUUGCCCCAAGUUGGCCGAAUACCGGAACUGGAGCAAGCCCCAGUG 
UGACAUCACGGGAUUUGCGCCAUUCAGCAAGGAUAACUCGAUCAGACUUUCCGCC 
GGGGGCGACAUUUGGGUCACUCGGGAGCCUUACGUGAGCUGCGACCCGGACAAGU 

40 GCUACCAAUUCGCACUCGGACAGGGUACCACCCUGAACAACGUCCAUAGCAACAA 
CACCGUGCGCGAUAGAACCCCGUACCGCACCCUCCUCAUGAACGAACUGGGAGUG 
CCGUUCCACUUGGGAACCAAACAAGUCUGCAUUGCAUGGUCCUCCUCCUCCUGCC 
ACGACGGCAAAGCCUGGCUUCACGUUUGCAUCACCGGCGACGACAAGAAUGCGAC 
GGCCUCCUUCAUAUACAAUGGUAGACUCGUGGAUAGCGUGGUGUCAUGGUCCAA 

45 GGAAAUUCUCAGGACUCAGGAGUCAGAGUGCGUGUGCAUCAACGGGACUUGCAC 
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UGUCGUGAUGACCGACGGAUCGGCCUCCGGAAAGGCCGACACUAAGAUCCUCUUC 
AUCGAGGAGGGAAAGAUCGUGCACACUUCUACCCUGAGCGGCUCGGCUCAGCAUG 
UCGAAGAGUGCUCGUGCUACCCCCGGUAUCCCGGGGUCCGCUGCGUGUGCCGGGA 
CAAUUGGAAAGGCUCAAACCGCCCCAUCGUGGACAUUAACAUCAAGGACCACUCC 

5 AUCGUGAGCUCCUACGUAUGCAGCGGGCUGGUCGGGGAUACCCCGCGGAAGAACG 
AUUCCUCGUCCUCCUCCCACUGCCUGGACCCUAACAACGAAGAGGGAGGCCACGG 
AGUGAAGGGAUGGGCUUUUGACGAUGGCAACGACGUGUGGAUGGGCAGGACUAU 
UUCCGAAAAGUCCCGGCUGGGAUACGAAACCUUCAAGGUCAUCGAGGGCUGGUCC 
AACCCGAAGUCAAAGCUCCAGAUCAACCGCCAGGUCAUCGUGGAUAGGGGCAAUA 

10 GAUCCGGCUACUCCGGGAUCUUCAGCGUGGAAGGGAAGUCCUGCAUUAACCGAUG 
CUUCUACGUGGAACUCAUUCGGGGUCGGAAGGAGGAAACCGAAGUGCUGUGGAC 
UUCGAACUCAAUCGUGGUGUUUUGUGGGACCUCCGGAACUUACGGAACUGGGUC 
CUGGCCUGACGGUGCCGACAUCAACCUUAUGCCGAUCUAA(SEQIDNO:11) 

15 [002621ThesequenceoftheA/Wisconsinl588/2019antigenmRNAopenreadingframe(ORF) 

usedhereis: 

AUGAAAGCCAUCCUUGUUGUCAUGCUGUACACAUUCACCACCGCAAAUGCGGAUA 
CCCUGUGUAUCGGCUACCACGCAAAUAAUUCCACCGACACCGUUGAUACCGUCCU 
GGAAAAGAACGUGACAGUGACUCACAGCGUCAAUCUCCUUGAGGAUAAACAUAA 

20 UGGCAAGCUGUGCAAGCUGAGAGGCGUGGCUCCCCUGCAUCUGGGAAAGUGCAAC 
AUCGCUGGUUGGAUCCUCGGGAACCCAGAGUGUGAGUCCCUCUCAACCGCACGGU 
CUUGGUCAUACAUCGUGGAGACUAGCAAUUCAGACAACGGCACAUGCUACCCCGG 
UGACUUCAUUAACUACGAGGAGCUGAGAGAACAGCUGAGUUCCGUGUCAUCCUU 
CGAGAGAUUCGAAAUCUUCCCCAAAACCUCCUCCUGGCCCAAUCAUGACUCCGAC 

25 AAUGGAGUGACAGCCGCUUGUCCCCACGCCGGUGCCAAGAGUUUCUAUAAGAACC 
UCAUCUGGCUGGUGAAAAAGGGCAAGUCCUAUCCCAAAAUUAACCAGACCUACAU 
UAACGAUAAGGGGAAAGAAGUCCUGGUCCUGUGGGGGAUACACCACCCCCCUACC 
AUCGCCGACCAGCAGUCUCUGUAUCAGAACGCCGACGCCUACGUGUUCGUGGGUA 
CCAGCCGUUAUAGUAAAAAGUUCAAGCCAGAAAUUGCCACCAGACCUAAGGUGCG 

AUUACAUUCGAGGCCACUGGGAACCUGGUGGCACCCAGAUACGCCUUUACAAUGG 
AACGGGAUGCUGGGAGCGGAAUCAUUAUCUCCGAUACCCCUGUCCACGACUGCAA 
UACUACCUGUCAGACCCCAGAAGGCGCUAUCAAUACCUCUCUGCCUUUCCAAAAC 
GUGCACCCUAUCACUAUCGGGAAAUGUCCCAAGUAUGUGAAAAGCACCAAACUGC 

35 GCCUGGCAACCGGUCUGAGAAAUGUGCCCUCCAUCCAGUCCCGCGGCUUGUUCGG 
UGCAAUCGCUGGCUUUAUCGAGGGUGGCUGGACUGGAAUGGUCGAUGGCUGGUA 
CGGCUACCAUCACCAGAACGAGCAGGGGUCCGGGUAUGCUGCCGACCUGAAAAGC 
ACUCAGAACGCCAUCGAUAAAAUCACUAACAAGGUGAACUCCGUGAUCGAAAAG 
AUGAAUACACAGUUCACAGCAGUUGGCAAGGAGUUCAACCACCUGGAAAAACGG 

40 AUAGAGAACCUGAAUAAGAAAGUCGAUGAUGGCUUUCUGGACAUCUGGACUUAC 
AAUGCCGAGCUGCUGGUGCUCCUGGAAAACGAGCGGACACUGGAUUAUCACGACU 
CAAACGUGAAGAACCUGUAUGAAAAGGUGCGUAACCAGCUGAAAAACAACGCCA 
AGGAAAUCGGCAAUGGCUGUUUCGAAUUUUACCACAAGUGUGAUAAUACCUGUA 
UGGAGAGCGUUAAGAACGGGACUUACGACUACCCAAAAUACAGCGAGGAGGCCA 

45 AGCUGAACCGGGAGAAGAUCGACGGCGUCAAACUCGACUCCACUAGAAUAUACCA 
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30 CGACCAGGAGGGCCGCAUGAACUACUACUGGACCCUGGUGGAACCUGGCGACAAG
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GAUUCUCGCCAUCUAUAGCACAGUGGCAUCAAGUCUCGUCCUGGUGGUGUCACUG 
GGAGCCAUCAGCUUUUGGAUGUGCAGCAAUGGAUCCCUCCAGUGUAGGAUCUGC 
AUCUAA(SEQIDNO:12) 

5 [002631ThcsequenceoftheA/Tasmania/503/2020antigenmRNAopenreadingframe(ORF) 

usedhereis: 

AUGAAGACCAUCAUCGCUCUGUCCUACAUCCUGUGCCUGGUGUUUGCUCAGAAAA 
UCCCCGGGAAUGACAAUUCCACUGCCACUCUCUGCCUGGGCCAUCAUGCCGUGCC 
AAAUGGAACCAUUGUCAAGACUAUAACAAAUGACCGCAUCGAAGUGACCAACGC 

10 UACCGAGCUGGUUCAGAACAGCAGUAUUGGAGAAAUCUGCGAUUCCCCACACCAG 
AUACUGGAUGGCGGCAACUGCACCCUGAUCGACGCACUGCUGGGUGACCCUCAGU 
GCGACGGAUUUCAGAAUAAGGAGUGGGACCUUUUCGUUGAGCGCAGCAGAGCCA 
AUAGCAACUGCUACCCGUACGACGUGCCGGAUUACGCCAGUCUUCGAAGCCUGGU 
CGCAUCCAGCGGGACACUGGAGUUIJAAGAAUGAGUCCUUUAAUUGGACAGGCGU 

15 GAAGCAGAACGGGACUAGCAGCGCAUGCAUUCGGGGCAGUAGCUCAUCCUUCUUU 
AGCCGACUGAACUGGCUGACCCACCUCAACUACACAUACCCCGCACUGAAUGUGA 
CUAUGCCAAACAAAGAACAGUUUGACAAACUGUACAUCUGGGGAGUGCACCAUCC 
UAGCACAGACAAGGACCAGAUCAGCCUGUUUGCCCAGCCCAGCGGCAGGAUUACC 
GUGUCCACAAAACGGUCACAGCAAGCCGUGAUCCCUAAUAUUGGAUCCCGCCCCC 

20 GGAUAAGGGACAUCCCUAGUCGCAUCAGUAUCUACUGGACCAUCGUGAAGCCCGG 
AGAUAUCUUGCUCAUCAAUAGCACUGGCAACCUCAUUGCCCCCAGGGGCUAUUUU 
AAGAUCAGAAGCGGCAAGUCCAGCAUUAUGCGCAGCGACGCACCCAUUGGCAAGU 
GCPAGUCCGAGUGCAUCACUCCUAAUGGGUCCAUCCCAAACGACAAGCCAUUCCA 
AAAUGUCAACAGAAUCACCUACGGGGCUUGCCCCCGCUACGUGAAGCAGAGUACA 

25 CUGAAACUGGCCACCGGGAUGCGCAACGUGCCCGAGAAGCAAACUAGAGGCAUCU 
UUGGAGCUAUCGCUGGCUUCAUUGAGAAUGGCUGGGAGGGUAUGGUGGACGGCU 
GGUACGGAUUCCGCCACCAGAAUAGCGAAGGCAGAGGCCAGGCAGCAGACUUGAA 
GUCCACCCAGGCCGCCAUUGAUCAGAUCAACGGCAAACUGAAUCGGCUUAUUGGA 

30 CGCGUGCAGGAUCUGGAAAAGUACGUUGAAGACACCAAGAUCGACCUGUGGUCA 
UACAAUGCAGAGCUGCUCGUUGCCCUGGAAAAUCAGCACACAAUUGACCUUACAG 
ACUCCGAAAUGAAUAAGCUCUUUGAAAAGACCAAGAAGCAGCUGCGCGAGAACG 
CCGAGGAUAUGGGGAACGGUUGUUUUAAGAUCUACCACAAGUGUGACAACGCCU 
GCAUUGGGUCCAUCCGAAAUGAAACAUACGACCACAACGUGUAUAGAGAUGAGG 

35 CCCUGAACAACCGAUUCCAGAUUAAGGGAGUCGAGCUGAAGAGUGGCUAUAAGG 
ACUGGAUCCUGUGGAUCUCAUUCGCCAUGUCAUGCUUCCUUCUGUGUAUUGCUCU 
GCUCGGCUUCAUCAUGUGGGCUUGCCAGAAAGGCAAUAUCCGGUGCAACAUCUGC 
AUCUAA(SEQIDNO:13) 

40 [002641ThesequenceoftheB/Washington/02/2019antigenmRNAopenreadingframe(ORF) 

usedhereis: 

AUGAAAGCAAUCAUAGUGCUGCUGAUGGUGGUGACUAGCAAUGCCGAUCGGAUC 

UGCACCGGCAUCACUUCCAGUAACAGCCCUCAUGUGGUCAAAACCGCCACACAGG 
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AAAACAAACGAGAAGUUCCAUCAGAUUGAGAAGGAGUUUAGCGAGGUGGAGGGC
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GCGAGGUGAACGUGACCGGAGUGAUUCCACUGACAACUACACCAACGAAGAGUCA 
CUUCGCCAACCUGAAGGGCACCGAAACACGAGGCAAGCUCUGCCCCAAGUGUCUG 
AAUUGCACCGACCUGGACGUCGCUUUGGGCCGCCCUAAAUGUACCGGCAAAAUAC 
CUUCCGCCAGAGUGUCCAUCCUGCACGAGGUGCGCCCCGUGACCUCCGGGUGUUU 

5 UCCCAUAAUGCACGACCGCACUAAAAUCCGCCAGCUGCCCAAUCUUCUGAGGGGG 
UACGAACAUGUCAGGCUGUCCACUCACAACGUGAUCAACGCAGAAGACGCCCCCG 
GAAGGCCUUAUGAGAUUGGAACCAGUGGGUCCUGCCCAAACAUUACCAACGGCAA 
CGGCUUCUUCGCCACUAUGGCCUGGGCCGUGCCAAAGAACAAGACCGCCACCAAC 
CCCCUGACAAUUGAAGUCCCUUACAUCUGCACAGAGGGAGAGGAUCAGAUCACCG 

10 UGUGGGGGUUUCACUCUGAUAACGAAACUCAGAUGGCCAAGCUGUACGGGGAUU 
CUAAACCCCAGAAGUUCACCAGUAGCGCUAACGGGGUGACCACCCAUUAUGUGUC 
UCAGAUCGGAGGUUUCCCAAAUCAGACCGAGGACGGCGGACUGCCCCAGUCUGGA 
AGGAUCGUAGUGGACUAUAUGGUGCAGAAGAGUGGAAAAACCGGCACCAUUACC 
UAUCAGCGCGGCAUACUGCUGCCACAGAAGGUGUGGUGUGCUUCCGGCAGGUCCA 

15 AGGUUAUCAAAGGGUCCCUCCCCCUGAUCGGCGAAGCAGAUUGUCUGCACGAGAA 
GUACGGCGGACUGAAUAAGAGCAAACCCUACUACACCGGAGAACACGCUAAGGCA 
AUUGGGAAUUGUCCGAUCUGGGUGAAGACGCCCCUGAAACUGGCCAAUGGCACA 
AAAUACCGGCCCCCCGCUAAGCUGCUGAAGGAACGGGGGUUCUUCGGCGCCAUAG 
CCGGCUUUCUGGAGGGAGGCUGGGAGGGCAUGAUAGCCGGGUGGCACGGCUACA 

20 CUUCCCAUGGGGCUCACGGGGUGGCUGUGGCCGCCGACCUGAAGUCUACGCAGGA 
AGCUAUCAACAAAAUCACUAAGAACCUGAACAGCCUGUCGGAAUUGGAGGUCAA 
GAAUCUGCAGCGGCUGAGCGGCGCCAUGGAUGAGCUGCACAAUGAGAUCCUGGA 
GCUllGACGAGAAGGUCGAUGAUCUUCGGGCCGAUACAAUUAGUAGCCAAAUUGA 
GUUGGCCGUGCUGCUCAGCAACGAAGGCAUAAUCAACAGCGAGGACGAGCACCUC 

25 CUGGCUCUGGAGAGAAAGCUGAAGAAGAUGCUCGGCCCUAGCGCAGUUGAGAUC 
GGAAACGGCUGCUUCGAAACCAAGCACAAGUGCAACCAGACCUGCCUGGACAGGA 
UCGCGGCAGGAACAUUCGACGCUGGGGAAUUCAGCCUCCCCACCUUCGACAGCCU 
GAACAUCACAGCCGCCAGUCUGAAUGAUGACGGACUGGAUAACCAUACCAUCCUG 
CUGUACUACUCUACCGCUGCUUCCUCCCUGGCCGUGACAUUGAUGAUCGCAAUCU 

30 UUGUGGUUUAUAUGGUGAGCCGAGACAACGUCAGUUGCAGUAUCUGCCUUUAA 

[002651ThcsequenceoftheB/Phuket/3073/2013antigenmRNAopenreadingframe(ORE) 

usedhereis: 

35 AUGAAAGCCAUCAUUGUGCUGCUGAUGGUUGUUACAAGCAACGCCGACCGCAUCU 
GCACCGGGAUUACAAGCAGCAAUAGCCCUCACGUGGUGAAGACAGCAACACAGGG 
AGAGGUGAACGUGACCGGCGUGAUUCCACUGACAACCACCCCAACUAAAUCUUAC 
UUUGCAAACCUGAAAGGGACACGGACCAGAGGAAAGCUGUGCCCUGAUUGCCUG 
AAUUGCACAGACCUGGACGUGGCCCUGGGCAGACCAAUGUGCGUGGGCACUACAC 

40 CAAGCGCCAAGGCCUCCAUCCUCCAUGAGGUGCGGCCCGUGACUUCUGGAUGUUU 
CCCCAUUAUGCACGACAGAACCAAGAUUAGACAGCUGCCAAACCUGCUCCGCGGC 
UACGAGAAAAUUCGCCUGUCUACACAGAAUGUGAUCGACGCCGAGAAGGCUCCAG 
GAGGACCAUACAGACUGGGGACUUCUGGCAGCUGCCCUAACGCCACCUCUAAGAU 
CGGGUUCUUCGCAACCAUGGCUUGGGCCGUGCCUAAAGACAAUUACAAGAAUGCC 

45 ACCAAUCCACUGACUGUCGAGGUGCCAUAUAUUUGCACAGAGGGGGAGGACCAG 

69 

(SEQIDNO:14)
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AUCACUGUGUGGGGCUUUCAUAGCGAUAAUAAGACUCAGAUGAAGUCUCUCUAC 
GGCGACUCUAACCCUCAGAAGUUCACCUCCUCUGCCAACGGGGUGACAACACACU 
ACGUGUCCCAGAUCGGGGACUUUCCUGACCAGACCGAGGAUGGAGGACUGCCUCA 
GUCUGGACGCAUCGUGGUGGACUAUAUGAUGCAGAAGCCUGGGAAGACCGGCAC 

5 UAUCGUGUACCAGAGGGGCGUGCUGCUGCCCCAAAAGGUGUGGUGUGCCUCCGGA 
AGAAGCAAAGUGAUUAAGGGAUCCCUGCCUCUGAUUGGGGAGGCCGAUUGCCUG 
CAUGAAGAGUAUGGAGGGCUGAACAAGUCCAAGCCAUACUAUACAGGAAAGCAC 
GCAAAAGCCAUCGGCAACUGUCCCAUCUGGGUCAAAACUCCUCUGAAGCUGGCCA 
ACGGCACCAAAUACCGCCCUCCAGCCAAGCUGCUGAAAGAACGCGGAUUCUUCGG 

10 CGCCAUUGCAGGGUUUCUGGAAGGAGGCUGGGAGGGCAUGAUUGCUGGAUGGCA 
CGGAUAUACCUCUCACGGCGCUCACGGGGUGGCCGUGGCCGCCGAUCUGAAGUCC 
ACACAGGAGGCAAUUAACAAGAUCACCAAGAAUCUGAAUUCACUGUCCGAGCUCG 
AAGUGAAAAACCUGCAGCGCCUGUCCGGCGCCAUGGACGAGCUGCACAAUGAAAU 
CCUGGAGCUGGACGAGAAGGUGGACGACCUGCGGGCUGACACUAUCAGCAGCCAG 

15 AUCGAGCUGGCAGUGCUGCUGAGCAAUGAGGGCAUCAUCAACUCAGAAGACGAA 
CACCUCCUGGCACUGGAAAGGAAACUCAAGAAGAUGCUGGGCCCCUCCGCAGUGG 
ACAUUGGGAACGGCUGUUUCGAAACCAAGCAUAAGUGUAACCAGACUUGUCUGG 
AUAGGAUCGCAGCAGGAACCUUCAACGCCGGCGAAUUUUCUCUGCCAACAUUUGA 
CueCCUGAACAUCACAGCUGCAUCCCUGAACGACGACGGACUGGACAAUCACACC 

20 AUCCUGCUGUACUACUCUACUGCCGCUAGCUCCCUGGCCGUGACCCUGAUGCUGG 
CCAUCUUCAUCGUGUACAUGGUUUCCAGGGAUAACGUGUCUUGUAGCAUUUGCC 
UGUAA(SEQIDNO:15) 

Results 

25 mRNAAntigenPreparadonCharacterizationandExpression 

[002661 mRNAscodingforthefull-lengthcodon-optimized[IAandNAforthevariousinfluenza 

strains were synthesized enzymaticallyusingunmodifiedribonucleotides. All mRNA 

electrophoresis.mRNA-LNPformulationswerepreparedbymixingthevariouslipidcomponents 

30 withmRNAundercontrolledconditionsandatfixedratios.AllmRNA-LNPsexhibited>950o 

encapsulationwithuniformhydrodynamicradiusrangingfrom95-lOSnmandapolydispersity 

index(PDJ)ofO.060-O.136asshowninTable5.  

Table5.AttributesofLNPFormulationsUsedinMousePreclinicalTesting 

LNP Size (nmj PDI Encapsulation 

CAO9HA 97.54 0.117 95.2 
9 Singl6HA 103.2 0.068 97.3 
9 Singl6NA 105.8 0.128 96.5 

MichiSNA 103.3 0.136 97.4 
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preparationshad> 950~of5' Cap1andshowedasinglehomogenouspeakoncapillary



WO20221099003 PCT/IJS2021/058250 

[002671Cryo-electronmicroscopy(Cryo-TEM)oftheCAO9EtAmRNA-LNPimagesshowed 

uniformsphericalparticleswithamulti-lamellarinnercorestructure.Thelamellarityofthesolid 

5 corestructureanalyzedfurtherwithFourierTransformindicateda3.7nmperiodicitybetween 

layers. Theuniformmorphologyoftheparticlesseeninthemicrographsareindicativeof 

homogenousLNPpreparationswithproperassemblyoftheLNPs.  

[002681Antigenexpressionwasconfirmedwithflowcytometrybytransientlytransfectinghuman 

skeletalmusclecells(IJskMCs)withtheunencapsulatedmRNAconstructsofCAO9HASing16 

10 HASing16NAorMichi5NAandstainedwithprotein-specificantibodiesforanalysis.High 

levelsofHAandNAexpressionfromHskMCswereobservedconfirmingproperassemblyand 

traffickingofnativeformHAtrimersandNAtetramersuponexpressioninmusclecells.Tostudy 

thesubcellularlocalizationofexpressedHAandNAproteinsHeLacellsweretransfectedwith 

bivalentH3N2LNPandproteinswerevisualizedbyimmunostainingandconfocalmicroscopy.  

15 WhileNAsignalindicatedstrongcolocalizationinER(about900o),HAwasfoundtocolocalize 

moderately(250o) withERwhenpermeabilizedcellswerestainedwithantibodiesfor 

correspondingproteinsandcalnexinanendoplasmicreticulum(ER)marker.Thisisconsistent 

withtheunderstandingthatnascentNAandHAproteinsaretranslocatedtoERforassembly(Dou 

etalFroalmmunot(2018)9:1581).  

20 [002691TheefficiencyofdeliveryofmRNAbyLNPsandselectionofoptimalformulation 

(2015)23(1):SSS).Asingledoseofeither0.05,0.1, 1, 5,jigofunmodifiedFF-LNPformulations 

wasadministeredintramuscularly(IM)inmice. Luciferaseactivitymeasuredbyaverage 

bioluminescenceindicatedsustainedexpressionfrommRNAconstructwhichpeakedat6hours 

25 postinjectionanddetectablebeyond72hoursatalldoses(FIG.11,panel(a)).Thehigh-level 

mRNA-mediatedproteinexpressionwasfurtherverifiedwithhEPOatasingle0.1~gdoseinmice 

and10jiginnon-humanprimate(NHP).ThestudywasintendedtocompareLNPusingstandard 

LNPDlin-MC3-DMA25formulationasacontrol. SerumhEPOquantifiedbyELISA 

demonstratedmaximumexpressionat6hwithapproximately12-foldhighererythropoietin 

30 expressedwithhEPO-LNPcomparedtohEPO-MC3(FIG.11,panel(c)).BothhEPO-LNPand 

hEPO-MC3showedsimilarexpressionkineticsinNHPsdetectablefrom6hoursto72hours 
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(FIG.11,panel(d)).TheresultsconfirmedtheutilityofthepresentLNPformulationforefficient 

deliveryofmRNAforexpressionbothinvitroandinvivo.  
a a ImmunogenicityofifA(HI,113)andNA(NIN2)mRNA-LNPinMice 

[002701Naturalhistoryandvaccinestudieshaveshownthatantibodiestoinfluenza[IAandNA 

5 haveantiviralfunctionandbothantigensareconsideredimportantforeffectiveinfluenzavaccines 

(Krammeretal.,NatRevimmunol.(2019)19(6):383-97).UnmodifiedCAO9JJA-LNPandSingl6 

HA-LNPmRNAvaccineswereevaluatedinBALB/cmice(n8)inatwo-doseregimenat2,0.4, 

0.08, or0.016~gmRNA-LNPadministeredat4-weekapartschedule. RecombinantHA(rIJA) 

antigensofthesamestrainwereusedtoevaluatethetotalJgGresponsesinELISAs.HA-specific 

10 antibodiesweredetectedinallgroupsafterasingledosebutthetiterspeakedatday42afterthe 

seconddose(FIG.12). Tomeasurefunctionalantibodieshemagglutinationinhibition(HAl) 

responsewasevaluatedagainstthehomologoussWainsCAO9andSingi6.AlthoughtheHAl 

titersafterafirstdosecouldbeobservedforthe2~gdoseofCAO9-LNPandSingl6-LNP 

treatmentgroupswithGMTsof160andGMT70atday28respectivelyamoreprofoundincrease 

15 inHAltiterswereobservedafterseconddose.Atday42GMTtiterswere80and2200forthe 

0.016kgand0.4~xggroupsrespectivelyintheCAO9-HA-LNPand14and100forthe0.016kg 

and0.4kggroupsrespectivelyintheSing16HA-LNPgroups(FIG.13).  

[002711Similarlyfortestinganti-NAresponsesmicewereimmunizedwith2,0.4,0.08,or0.016 

kgofSingl6NA-LNPorMichlSNA-LNP. ELISAwithrecombinantNAantigenswere 

20 conductedtoassessthetotalJgGresponsesinducedbyeitherMichi5NA-LNPorSingi6NA

amarkedincreaseinNAbindingantibodiespostseconddoseatday42(FIG.14).Enzyme-linked 

lectinassay(ELLA)wasusedasasurrogateforfunctionalantibodytitersforNeuraminidase 

inhibition(NAJ)activityagainstH6N1orH6N2chimericviruses.Althoughtwodosesofthe 

25 vaccinesubstantiallyincreasedthefunctionalantibodyresponseascomparedtoasingledose, 

encouragingNAJtiterswithGMTs800andGMT60wererecordedatday28afterasingledose 

evenwithlowdoseof0.016kgofMichlSNA-LNPandSingl6NA-LNPrespectively.Atday 

42,theGMTtitersbetweenthe0.4kgand0.016~gwere900and10200respectivelyintheSing16 

NA-LNPgroupindicatingadose-dependentresponsewithtitersreachingaboveULOQincaseof 

30 Michl5NA-LNP(FIG.15).  
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LNPformulations.Animalsdevelopedhighantibodybindingresponsesafterasingledosewith
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a a ProtectionfromViralChallengeinMice 

[002721TotesttheefficacyofthemRNAvaccineinmouseinfluenzaviruschallengemodelwe 

inoculatedBALB/cmicewith0.4jigofCAO9JJA-LNPIMatweek0and4,alongwithanegative 

controlgroupwithtwodosesofLNPdiluentbuffer.[IAJtitersforvaccinegroupserumsamples 

5 atstudydays0,14,28,42,56,92and107demonstratedrobustimmuneresponsewithGMTof 

1660and1:830atday56andday92respectively(FIG.16A).Atday93,allmicewerechallenged 

intranasallywithBelgiumO9virushomologoustoCAO9,atfourtimesthedosewhichcancause 

500olethaloutcome(4xLDso).Allmiceinthevaccinegroupsurvivedthechallengewithno 

mortalityandsomemildmorbiditymarkedbytransientweightlossoflessthan50o(FIG.16B).  

10 Howeverthoseinthediluentcontrolgroupsufferedsignificantandrapidweightlosswhichled 

tohighmortalityrate(900o)byday9.TheseresultsdemonstratedhighefficacyofHA-based 

MRTformulationsinalethalmouseinfluenzachallengemodel.  

[002731ToassessprotectiveefficacyofNA-basedMRTvaccinesweconductedananalogous 

challengeexperimentinBALB/cmice.SincetheMichi5NA-LNPvaccineelicitedrobustNAJ 

15 titersafterasingleimmunizationinnafvemice(FIG.16A),weevaluatedoneortwodosing 

regimenswithadministrationsof0.4or0.016jigofMichi5NA-LNPsovera4-weekinterval.  

Thecontrolgroupswerevaccinatedatthesameregimensreceivingeither0.6kghEPO-LNPor 

diluentbuffer.RobustNAJtiterswereobservedafterasingleadministrationwithGMTsof14,000 

NAJfor0.4kgand1,800NAJfor0.016ggofMichl5NA-LNPrecordedatday28(FIG.17A).  

20 Afterthesecondimmunizationatday42,NAJtitersroseto108,000NAJfor0.4kgand37,000 

challengedwith4xLD5oofBelgium09HiNivirus.Individualweightchangesfrombaselineover 

timebytreatmentgroupsaregraphedinFIG.17B.Allmiceinthetwocontrolgroupssuffered 

significantmorbidityandallanimalshadtobeeuthanizeddueto>200oweightlossbyday8post

25 infection.Remarkablyallanimalsexceptoneinthevaccinegroupssurvivedthechallengeinthe 

singledose0.016~ggroupindicatinghighprotectiveefficacyagainstdeathevenafterasingle 

doseofaslowas0.016~gofMichi5NA-LNP.Thehigherdose(0.4jig)demonstratedoverall 

higherprotectionhoweverincontrasttoHA-immunizationNAvaccinationwasnotsufficientto 

protectagainstweightlossasvaccinatedanimalsdemonstratedmedianweightlossof100~of 

30 initialbodyweightconsistentwithobservationsreportedforotherNAvaccines.Bodyweight 

recoverieswereobservedforvaccinatedgroupsresultinginanaveragefinalweightchangeof 
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WO20221099003 PCT/IJS2021/058250 

2.700atthelowdoseand4.80oweightgainforthehigherdoseascomparedtobaseline.Overall, 

theresultsdemonstratedthatasinglelow-doseMRTNA-LNPvaccinationcanelicitfunctional 

antibodiesmeasurableforblockinginfluenzaNAactivityandsufficienttoconferprotection 

againstlethalchallengeinmice.  

5 ImmunogenicityofHA(ifS)mRNA-LNPinNHP 

[002741ToevaluateimmunogenicityofthemRNA-LNPinNEIPadoserangestudycovering15, 

45 135,and250kgofSingl6JJA-LNPwasperformedinNIJPs.Afterthefirstimmunization 

allvaccinatedNEUPsdevelopedantibodiesreactivetorecombinantEtAproteinasnotedinELISA 

(FIG.18).Furtherboostingoftiterswasobservedpostseconddose.Surprisinglythe15~gdose 

10 inducedonly1.8-foldlowerBLISAtitersthanthe135kgdoselevel(950~CI1.0,3.6),suggesting 

adosesaturationcloseto15gglevel.RobustLUAJantibodieswereinducedinalldosegroupson 

day42andGMTsrecordedwere400for15~g,700for45~g,900for135jigand570for250kg.  

Atday42,thefoldincreaseinGMTtiterswith950oCIwas2.2-fold(1.0;5.0)betweenthe135~g 

and15~gandwas1.3-fold(0.6;2.8)betweenthe135kgand45~gtreatmentgroupsindicating 

15 thatdespitetheobservedtrendtowardshighertiterswithincreasingdosethedifferencebetween 

groupswasminimal(FIG.19A). Theneutralizationpotencyassessedbymicroneutralization 

(MN)assay(FIG.19B)showedabeffertrendfordoseeffectwithGMTsonD28of40for15gg, 

180for45jig,300andfor135gg.  

[002751SinceTcellshavebeenshowneffectiveinreducingviralloadandlimitingdisease 

20 severityinanimalmodels(Rimmelzwaanetal.,Vaccine(2008)26(4):D41D44;Sridharetal., 

TcellsintheNEEPsvaccinatedwith45,135,250kgofSingl6JJA-LNPorwith45kgof 

recombinantEtA.PBMCscollectedatday42wereevaluatedinJFN-y(Thicytokine)andIL-13 

(Th2cytokine)ELISPOTassaywithrecallstimulationwithpooledoverlappingpeptidesspanning 

25 theentiresequenceoftheSingi6HA. Allvaccinatedanimalsexceptonein250kggroup 

developedJFN-ysecretingcellsrangingfrom28to1328spot-formingcells(SFC)permillion 

PBMCs(FIG.20A).Notablyadose-responsewasnotobservedandthelowerandhigherdose 

levelgroupsofanimalsshowedcomparablefrequenciesofJFN-ysecretingcells.Incontrastall 

animalsinthecontrolgroupimmunizedwiththerecombinantSingi6HAproteindemonstrated 

30 absenceofJFN-yproducingcells.ThepresenceofIL-13cytokinesecretingcellswaseithernot 

detectedorverylowinallthegroupstested(FIG.20B).ThedatasuggestthatSingi6HA-LNP 
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inducedstrongThi-biasedcellularresponsesinNUPscomparabletothatseenwithMRTSSOO 

(Kalninetal.,supra),aSARS-CoV-2vaccinecurrentlyunderdevelopment.  

[002761ToinvestigatefrequencyofmemoryBcells(MBCs)inNEUPsafterimmunizationwith 

Sing16JJA-LNPanBLISPOTassaywasdevelopedtoquantifyantigen-specificMBCsasa 

5 readoutofhumoralimmunememory. Onday180,PBMCswerecollectedfromtheNEUPs 

immunizedwith45~gor15~goftheSingl6EtAmRNA-LNPformulationsorwitharecombinant 

HAasacomparatorata45~gdose.A4-daypolyclonalstimulationofPBMCsthatisoptimized 

todrivememoryBcellstoantibodysecretingcells(ASC)wasperformedandthestimulated 

PBMCswereplatedinanantigen-specificELISPOTwherethefrequencyofantigen-specific 

10 ASCscouldbedetermined.Antigen-specificmemoryBcellswerethenquantifiedasapercentage 

oftotalJgG+memoryBcells.Antigen-specificmemoryBcellsweredetectedinallanimalsand 

theirfrequencywasrangingfrom1to50oforthe45ugdosegroupand0.3to1~5Ooforthe15~g 

dosegroup.IntherIJAimmunizedanimalsthememoryBcellresponsesappearedtobemarkedly 

lowerasantigen-specificmemoryBcellswereundetectableinfiveoutofsixanimals(FIG.21).  

15 ItwasconcludedthatSing16HA-LNPlikeothermRNAvaccineselicitsapopulationofanti-HA 

specificmemoryBcellsthatpromisetoprolongimmunity(Lindgrenetal.,FrontImmunol.(2019) 

10:614).  

MiItivalentInfluenzaVinsAntigens 

[002771AnadvantageofmRNA-LNPplatformistheflexibilityofLNPencapsulationfor 

20 multiplemRNAantigenconstructs. Howeverthispotentialneedstobetestedtoaddressthe 

encapsulatedHAandNAmRNAwereformulatedinLNPsasbivalentformulationscontaining 

0.2~tgeachofmRNAinanH3H1,H3N2 orN1N2combinationorwiththemonovalent 

containing0.2kgofeachcorrespondingantigen.Theseformulationswereadministeredinmice 

25 todetermineanyantigenicinterferenceonimmunogenicitybycomparingthefunctionaltitersof 

theindividualantigeninbivalentvs.monovalentformulations(FIG.22,panels(a)-(c)andTable 

6).  

30 
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Table6.FrequencyofAntigen-SpecificMemoryBCellsin 
NI+IPsVaccinatedwith113mRNA-LNPVaccine 

PBMCs/ Spotftof PBMCs/ Spotftof %ofAg
Animal AnimalID wellofAg- Ag-Specific Wellof Total Specifie 
group Specific IgG/million TotalIgG IgG/million IgGto 

_________________________ IgG PBMCs _____________ PBMCs Total IgG 

1 3x105  1082 5x103  21700 5.0 

2 3x105  232 5x103  6100 3.8 

H3mRNA- 3 3x105  282 5x103  11700 2.4 
LNP 

(45jjgj 4 3x105  2 5x103  100 2.0 

5 3x105  283 5x103  8700 3.3 

6 3x105  225 5x103  22800 1.0 

1 3x105  63 5x103  21600 0.3 
2 3x105  58 5x103  11300 

0.5 

H3mRNA- 3 3x105  253 5x103  17300 1.5 
LNP 

(15jigj 4 3x105  173 5x103  17300 1.0 

5 3x105  63 5x103  9300 0.7 

6 3x105  107 5x103  19300 0.6 

1 3x105  2 5x103  19800 0.0 

2 3x105  28 5x103  14300 
0.2 

rHA 3 3x105  2 5x103  17000 0.0 
(45~igJ 4 3x105  0 5x103  7900 0.0 

5 3x105  0 5x103  21600 0.0 

6 3x105  0 5x103  14600 

1 3x105  0 5x103  30900 0.0 
Diluent 

2 3x105  0 5x103  7100 0.0 

[002781IntheLU1[13combobetweentheco-encapsulatedandseparatelyadministeredvaccines, 

5 nostatisticallysignificantdifference(p 0.2584)irrespectiveofthetimepointswasobservedfor 

HAltitersandnosignificantdifference(p0.8389)atD42wasobservedfor113titers.Inthecase 

ofJ13N2combotheNAcomponentofthevaccineelicitedhighneutralizingantibodiesin 

combinationwiththeHAcomponentdemonstratinglackofHAdominance. Betweentheco

encapsulatedandseparatelyadministeredvaccinesnostatisticallysignificantdifference 

10 (p0.2960),irrespectiveofthetimepointswasobservedfor113titers andnosignificant 

76 
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difference(p0.0904)atD42wasobservedforN2titers. LikewisetheN1N2combowasnot 

statisticallysignificantlydifferent(p0.3899)forN2.Nititersatday42forco-encapsulatedand 

separatelyadministeredvaccineswereabovelimitofquantification. CombinationofN2N1, 

113111, orJ13N2thusgeneratedantibodytitersequivalenttoindividualLNPsseparately 

5 formulated.  

[002791Quadrivalentformulationsofco-encapsulatedLII1, N1, [13, and/orN2mRNAwere 

furtherexplored.TheseformulationsweretestedinNIJPsintotal10~gcomposedof2.5kgeach 

ofinfluenzaantigenmRNAandfillingamountofnoncodingmRNA(ncmRNA)ifneededin 

combinationsresultinginquadrivalent(111N1113N2),bivalent(IJlNior[13N2),ormonovalent 

10 (111,113,NiorN2)LNPs(Table7).  

Table7.BivalentCombinationofInfluenzaVirusinMouseStudy 

Group N mRNA1 mRNA2 LNP mRNA CAO9 Singi6 Miehl5 PerthO9 

dose Description HAl HAl NAJ NM 
_______________________________ ______ (gg) ______________________________________________ 

1 8 Sin16 PerthO9 Coformulated _______ x _________ x 
____________ g _________________________________________________ 

2 8 H3 N2 Separate ________ x __________ x 
3 8 Sin16 Coformulated x x ________________ 

CAO9H1 g Yes 0.2,0.2 4 8 ___________ H3 Se arate x x ____________________ 
________________________________ p ___________________________________ 

5 8 MichiS Perth09 Coformulated _______________ x x 
6 8 Ni N2 _______ _________ Se arate _________________ x x 

_______________________________________ _________ p ___________________________________ 
7 8 Diluent ___________________ 0 single x x x x 

[002801HAltiterstoHior113,orNAJtiterstoNiorN2werecomparedbetweenthemonovalent 

ofthequadrivalentgroupwerecomparablewhenanalyzedwiththatoftheLI1monovalentgroup 

(p0.9054,t-testunpairedtwo-tailed)orIliNibivalentgroup(p0.8002). Similarlythe113 

HAltitersofthequadrivalentgroupwascomparablewhenanalyzedwiththatofthe113 

monovalentgroup(p0.2504)or113N2bivalentgroup(p0.5894).TheNAJtiterstoNiwere 

20 almostidenticalingroupsofanimalsvaccinatedwithNimonovalentmRNAorIliNibivalent 

mRNAorthequadrivalent[IiNiJI3N2mRNAformulations.Likewisetherewasnodifference 

inN2NAJtitersbetweentheN2monovalentmRNA(p0.8485)or113N2bivalentmRNA 

(0.4545)withthequadrivalentJIiNiJI3N2mRNAformulations.  

[002811Overallthesefindingsindicatethatco-encapsulatedorcombinationmultivalentvaccines 

25 ofHA/NAmRNA-LNPsatthisdoselevelcouldefficientlydeliverallfourantigenswithoutany 
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concernforantigenicinterferenceandallantigenswereasimmunogenicasinthefonmilation 

whentheseantigensweredeliveredsingularly.  

Example7:AdditionalLNPFormulations 

5 [002821AdditionalLNPformulationsformRNAvaccineswereprepareddesignatedLipidC 

(containingcationiclipidGL-IJEPES-B3-E1O-DS-3-E1S-1),LipidD(containingcationiclipid 

GL-IJEPES-E3-E12-DS-4-E1O),andLipidB(containingcationiclipidGL-HEPES-E3-E12-DS

3-B14).Humanerythropoietin(hEPO)mRNAwasusedasatestmRNA.ExpressionofhEPO 

wasmeasuredbyELISAfromsamplestakenfrommiceinjectedwiththeLNPs.Sampleswere 

10 taken6hours,24hours,48hoursand72hoursafterinjection. AsshowinFIG.24,hEPO 

expressionwasconsistentlyhigheratalltimepointswithLNPformulationsLipidALipidB, 

LipidCLipidDandLipidBcomparedtoacontrolLNPformulationcontainingcationiclipid 

MC3.  

[002831Table8belowsummarizestheresultsrelativetoacontrolLNPcontainingtheMC3 

15 cationiclipid.  

[002841Table8. LevelsofhEPOfromLNPformulationsLipidA-BrelativetoMC3.  

FoldhigherhEPOat6 
LNPFormulation hours STDEV 

___________________________ (comparedtoMC3) __________ 

LipidA 10.35 4.15 
LipidB 5.62 1.34 

LipidB 6.17 1.57 

[002851 ThesamehBPOmRNA-LNPformulationswerenexttestedinnon-humanprimates 

(NIJPs).Samplesweretakenat6hours,48hoursand96hoursafterinjection.AsshowninFIG.  

20 25,eachLNPformulationproducedlevelsofhBPOcomparabletotheMC3controlformulation.  

[002861InfluenzaHA-encodingmRNA-LNPformulationswerealsotestedinNHPs.NHPswere 

administeredtheLNPformulationsat10ggviaintramuscularinjectionandsamplesweretaken 

atsay28andday42postinjection.HAltitersweremeasuredasdescribedabove.Asshownin 
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FIG.26,eachLNPformulationproducedLUAJtiterscomparabletoorhigherthantheMC3control 

formulation.  

[002871ThesameexperimentasshowninFIG.26wasperformedwhilemeasuring[IAJtiters 

withtheCalO9111influenzaantigen.AsshowninFIG.27,eachLNPformulationproducedLUAJ 

5 titerscomparabletoorhigherthantheMC3controlformulation.  

[002881AsshowninFIG.28,LUAJtiterswiththeSingi6113antigenwereelevatedforLNP 

formulationsLipidCandLipidD.  

Example8:RespiratorySyncytialVirus(RSV)FProtein-EncodingmRNALNP 

10 Formulations 

[002891TheeffectofdifferentcationiclipidsintheLNPweretestedfortheLNP-encapsulated 

RSVFproteinmRNA.LipidformulationsofLipidALipidBLipidCLipidDandLipidB 

weretested.BachLNPwascomposedof40 0 oofoneofthefivecationiclipids,300ophospholipid 

DOPE,1~5OoPEGylatedlipidDMG-PEG2000and28.50ocholesterol.AnLNPwiththecationic 

15 lipidMC3wasalsousedconsideredanindustrybenchmark(Jayaramanetal.AngewChemmt 

Ed.51:8529-33.2012).  

[002901TheFproteintestedwasdesignatedFD3,andcorrespondstoapre-fusionRSVFprotein.  

TheaminoacidsequenceforFD3isrecitedbelow.  

20 ____ 

[002911FD3: 

NJKENKCNGTDAKVKLJKQELDKYKNAVTELQLLMGSGNVGLGGALASGVAVSKVLLIL 

EGEVNKJKSALLSTNKAVVSLSNGVSVLTFKVLDLKNYJDKQLLPJLNKQSCSJSNPETVJ 

EFQQKNNRLLEJTREFSVNAGVTTPVSTYMLTNSELLSLTNDMPJTNDQKKLMSNNVQIV 

25 RQQSYSIMSJJKEEVLAYVVQLPLYGVJDTPCWKLJJTSPLCTTNTKNGSNJCLTRTDRGW 

YCDNAGNVSFFPQAETCKVQSNRVFCDTMNSRTLPSEVNLCNVDJFNPKYDCKJMTSKT 

DVSSSVJTSLGAJVSCYGKTKCTASNKNRGJJKTFSNGCDYVSNKGVDTVSVGNTLYYV 

NKQEGKSLYVKGEPJTNFYDPLVFPSDEFDASJSQVNELTNQSLAFTNQSDELLLTNVNAGK 

STTNJMJTTJJTVJTVJLLSLJAVGLLLYCKARSTPVTLSKDQLSGENNIAFSN(SEQIDNO:16) 

30 
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[002921ThemRNAmoleculedescribedhereincomprisesanopenreadingframe(ORF)encoding 

anRSVFproteinantigenatleastone5' untranslatedregion(5' UTR),atleastone3' untranslated 

region(3' UTR),andatleastonepolyadenylation(poly(A))sequence. ThemRNAfurther 

comprisesa5' capwiththefollowingstructure: 
0 

N NH 
OH OH I 

0 0 0 <I NH2 
II II II 

0-F'-0-P-0-P-O 
I I I 

H2N N 0- 0- 0Nt';> I 
0 0 

-0-P=o OH3 

I 
5 0 0 

[002931ThenucleicacidsequenceforthemRNAopenreadingframe(ORF)encodingtheRSV 

Fproteinisrecitedbelow.  

U 

[002941FD3 mRNA ORE 
10 AUGGAACUGCUGAUCCUCAAAGCCAACGCAAUCACCACCAUUCUCACCGCUGUGA 

CCUUCUGCUUCGCAUCGGGGCAGAACAUCACUGAAGAGUUUUACCAGAGCACUUG 

CAGCGCGGUGUCAAAGGGUUACCUUUCCGCACUGCGGACCGGAUGGUACACUUCC 

GUGAUCACCAUUGAGCUCAGCAACAUCAAGGAAAACAAGUGCAAUGGCACCGACG 

CCAAGGUCAAGCUGAUCAAACAAGAACUGGACAAGUACAAGAACGCCGUGACAG 

15 AAUUGCAGCUCCUGAUGGGAUCCGGAAACGUCGGUCUGGGCGGAGCCAUCGCGAG 

GUCCGCGCUGCUGUCAACGAACAAGGCCGUGGUGUCCCUGUCUAACGGCGUCAGC 

GUGCUGACGUUCAAGGUCCUGGACCUGAAGAAUUACAUUGACAAGCAGCUGCUG 

CCCAUCCUCAACAAGCAAUCCUGCUCCAUCUCCAACCCCGAAACCGUGAUCGAGU 

20 UCCAGCAGAAGAACAACCGCCUGCUGGAAAUUACUCGCGAGUUCUCUGUGAAUGC 

CGGCGUGACCACCCCUGUGUCCACCUACAUGCUGACCAACUCCGAGCUUCUCUCC 

CUUAUCAAUGACAUGCCUAUCACGAACGACCAGAAGAAGCUGAUGUCGAACAACG 

UGCAGAUUGUGCGGCAGCAGUCAUACAGCAUCAUGUCGAUCAUCAAGGAAGAAG 

UGCUGGCGUACGUGGUGCAACUCCCGCUGUACGGCGUCAUCGAUACCCCGUGCUG 

25 GAAGCUGCACACCUCGCCUUUGUGUACCACCAACACCAAGAACGGAUCCAACAUC 

UGCUUAACCCGGACUGAUCGGGGUUGGUACUGCGACAACGCCGGGAAUGUUUCG 

UUCUUCCCACAAGCCGAGACUUGUAAAGUGCAGUCAAACAGAGUGUUCUGUGAC 

80 

UGGAGUGGCUGUGUCCAAGGUCUUGCACCUCGAGGGAGAAGUGAACAAGAUCAA
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ACCAUGAACUCGAGAACCCUGCCCAGCGAAGUGAACCUGUGUAACGUCGACAUCU 

UUAACCCAAAAUACGAUUGCAAGAUUAUGACCAGCAAAACCGACGUGUCCUCCUC 

CGUGAUAACAAGCCUGGGGGCGAUUGUGUCAUGCUACGGAAAGACUAAGUGCAC 

CGCCUCGAACAAGAACCGCGGCAUCAUUAAGACUUUCUCGAAUGGUUGCGACUAU 

5 GUGUCCAACAAGGGCGUGGAUACUGUGUCAGUCGGGAAUACUCUUUACUACGUG 

AACAAGCAGGAGGGGAAAAGCCUCUACGUGAAGGGAGAGCCUAUUAUCAACUUU 

UACGAUCCGCUGGUGUUCCCGUCCGACGAAUUCGACGCCAGCAUCAGCCAAGUCA 

ACGAGCUGAUUAACCAGUCCCUCGCCUUCAUCAACCAAUCCGACGAGCUCCUGCA 

UAACGUGAACGCCGGAAAGUCCACCACCAACAUCAUGAUCACUACUAUUAUCAUC 

10 GUGAUCAUCGUCAUCCUGCUGAGCCUGAUUGCUGUGGGCCUGUUGCUGUAUUGC 

AAAGCCAGGUCCACCCCGGUCACCCUGUCGAAGGAUCAGCUGUCCGGAAUCAACA 

ACAUUGCCUUCUCCAACUAA(SEQIDNO:17) 

[002951ThenucleicacidsequencesfortheDNAtemplateencodingtheRSVFproteinisrecited 

15 below.  

U 

[002961FD3 DNA.  
ATGGAACTGCTGATCCTCAAAGCCAACGCAATCACCACCATTCTCACCGCTGTGACC 

TTCTGCTTCGCATCGGGGCAGAACATCACTGAAGAGTTTTACCAGAGCACTTGCAGC 

GCGGTGTCAAAGGGTTACCTTTCCGCACTGCGGACCGGATGGTACACTTCCGTGATC 

20 ACCATTGAGCTCAGCAACATCAAGGAAAACAAGTGCAATGGCACCGACGCCAAGGT 

TCCTGATGGGATCCGGAAACGTCGGTCTGGGCGGAGCCATCGCGAGTGGAGTGGCT 

GTGTCCAAGGTCTTGCACCTCGAGGGAGAAGTGAACAAGATCAAGTCCGCGCTGCT 

GTCAACGAACAAGGCCGTGGTGTCCCTGTCTAACGGCGTCAGCGTGCTGACGTTCAA 

25 GGTCCTGGACCTGAAGAATTACATTGACAAGCAGCTGCTGCCCATCCTCAACAAGC 

AATCCTGCTCCATCTCCAACCCCGAAACCGTGATCGAGTTCCAGCAGAAGAACAAC 

CGCCTGCTGGAAATTACTCGCGAGTTCTCTGTGAATGCCGGCGTGACCACCCCTGTG 

TCCACCTACATGCTGACCAACTCCGAGCTTCTCTCCCTTATCAATGACATGCCTATCA 

CGAACGACCAGAAGAAGCTGATGTCGAACAACGTGCAGATTGTGCGGCAGCAGTCA 

30 TACAGCATCATGTCGATCATCAAGGAAGAAGTGCTGGCGTACGTGGTGCAACTCCC 

GCTGTACGGCGTCATCGATACCCCGTGCTGGAAGCTGCACACCTCGCCTTTGTGTAC 

81 

CAAGCTGATCAAACAAGAACTGGACAAGTACAAGAACGCCGTGACAGAATTGCAGC
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CACCAACACCAAGAACGGATCCAACATCTGCTTAACCCGGACTGATCGGGGTTGGT 

ACTGCGACAACGCCGGGAATGTTTCGTTCTTCCCACAAGCCGAGACTTGTAAAGTGC 

AGTCAAACAGAGTGTTCTGTGACACCATGAACTCGAGAACCCTGCCCAGCGAAGTG 

AACCTGTGTAACGTCGACATCTTTAACCCAAAATACGATTGCAAGATTATGACCAGC 

5 AAAACCGACGTGTCCTCCTCCGTGATAACAAGCCTGGGGGCGATTGTGTCATGCTAC 

GGAAAGACTAAGTGCACCGCCTCGAACAAGAACCGCGGCATCATTAAGACTTTCTC 

GAATGGTTGCGACTATGTGTCCAACAAGGGCGTGGATACTGTGTCAGTCGGGAATA 

CTCTTTACTACGTGAACAAGCAGGAGGGGAAAAGCCTCTACGTGAAGGGAGAGCCT 

ATTATCAACTTTTACGATCCGCTGGTGTTCCCGTCCGACGAATTCGACGCCAGCATC 

10 AGCCAAGTCAACGAGCTGATTAACCAGTCCCTCGCCTTCATCAACCAATCCGACGAG 

CTCCTGCATAACGTGAACGCCGGAAAGTCCACCACCAACATCATGATCACTACTATT 

ATCATCGTGATCATCGTCATCCTGCTGAGCCTGATTGCTGTGGGCCTGTTGCTGTATT 

GCAAAGCCAGGTCCACCCCGGTCACCCTGTCGAAGGATCAGCTGTCCGGAATCAAC 

AACATTGCCTTCTCCAACTAA(SEQIDNO:18) 

15 

[002971Thenucleicacidsequencesforthe5'UTRand3'UTRarerecitedbelow.  

[0029815'UTR: 

GGACAGAUCGCCUGGAGACGCCAUCCACGCUGUUUUGACCUCCAUAGAAGACACC 

GGGACCGAUCCAGCCUCCGCGGCCGGGAACGGUGCAUUGGAACGCGGAUUCCCCG 

20 UGCCAAGAGUGACUCACCGUCCUUGACACG(SEQIDNO:19) 

CGGGUGGCAUCCCUGUGACCCCUCCCCAGUGCCUCUCCUGGCCCUGGAAGUUGCC 

ACUCCAGUGCCCACCAGCCUUGUCCUAAUAAAAUUAAGUUGCAUC(SEQIDNO:20) 

25 [003001Thenucleicacidsequencesforthefull-lengthmRNAencodingtheRSVFproteinis 

recitedbelow.  

[003011FD3 mRNA: 

GGACAGAUCGCCUGGAGACGCCAUCCACGCUGUUUUGACCUCCAUAGAAGACACC 

GGGACCGAUCCAGCCUCCGCGGCCGGGAACGGUGCAUUGGAACGCGGAUUCCCCG 

30 UGCCAAGAGUGACUCACCGUCCUUGACACGAUGGAACUGCUGAUCCUCAAAGCCA 

ACGCAAUCACCACCAUUCUCACCGCUGUGACCUUCUGCUUCGCAUCGGGGCAGAA 

82 

[0029913'UTR:
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CAUCACUGAAGAGUUUUACCAGAGCACUUGCAGCGCGGUGUCAAAGGGUUACCU 

UUecGCACUGCGGACCGGAUGGUACACUUCCGUGAUCACCAUUGAGCUCAGCAAC 

AUCAAGGAAAACAAGUGCAAUGGCACCGACGCCAAGGUCAAGCUGAUCAAACAA 

GAACUGGACAAGUACAAGAACGCCGUGACAGAAUUGCAGCUCCUGAUGGGAUCC 

5 GGAAACGUCGGUCUGGGCGGAGCCAUCGCGAGUGGAGUGGCUGUGUCCAAGGUC 

UUGCACCUCGAGGGAGAAGUGAACAAGAUCAAGUCCGCGCUGCUGUCAACGAACA 

AGGCCGUGGUGUCCCUGUCUAACGGCGUCAGCGUGCUGACGUUCAAGGUCCUGGA 

CCUGAAGAAUUACAUUGACAAGCAGCUGCUGCCCAUCCUCAACAAGCAAUCCUGC 

UCCAUCUCCAACCCCGAAACCGUGAUCGAGUUCCAGCAGAAGAACAACCGCCUGC 

10 UGGAAAUUACUCGCGAGUUCUCUGUGAAUGCCGGCGUGACCACCCCUGUGUCCAC 

CUACAUGCUGACCAACUCCGAGCUUCUCUCCCUUAUCAAUGACAUGCCUAUCACG 

AACGACCAGAAGAAGCUGAUGUCGAACAACGUGCAGAUUGUGCGGCAGCAGUCA 

UACAGCAUCAUGUCGAUCAUCAAGGAAGAAGUGCUGGCGUACGUGGUGCAACUC 

CCGCUGUACGGCGUCAUCGAUACCCCGUGCUGGAAGCUGCACACCUCGCCUUUGU 

15 GUACCACCAACACCAAGAACGGAUCCAACAUCUGCUUAACCCGGACUGAUCGGGG 

UUGGUACUGCGACAACGCCGGGAAUGUUUCGUUCUUCCCACAAGCCGAGACUUGU 

AAAGUGCAGUCAAACAGAGUGUUCUGUGACACCAUGAACUCGAGAACCCUGCCCA 

GCGAAGUGAACCUGUGUAACGUCGACAUCUUUAACCCAAAAUACGAUUGCAAGA 

UUAUGACCAGCAAAACCGACGUGUCCUCCUCCGUGAUAACAAGCCUGGGGGCGAU 

20 UGUGUCAUGCUACGGAAAGACUAAGUGCACCGCCUCGAACAAGAACCGCGGCAUC 

GUGUCAGUCGGGAAUACUCUUUACUACGUGAACAAGCAGGAGGGGAAAAGCCUC 

UACGUGAAGGGAGAGCCUAUUAUCAACUUUUACGAUCCGCUGGUGUUCCCGUCCG 

ACGAAUIJCGACGCCAGCAUCAGCCAAGUCAACGAGCUGAUUAACCAGUCCCUCGC 

25 CUUCAUCAACCAAUCCGACGAGCUCCUGCAUAACGUGAACGCCGGAAAGUCCACC 

ACCAACAUCAUGAUCACUACUAUUAUCAUCGUGAUCAUCGUCAUCCUGCUGAGCC 

UGAUUGCUGUGGGCCUGUUGCUGUAUUGCAAAGCCAGGUCCACCCCGGUCACCCU 

GUCGAAGGAUCAGCUGUCCGGAAUCAACAACAUUGCCUUCUCCAACUAACGGGUG 

GCAUCCCUGUGACCCCUCCCCAGUGCCUCUCCUGGCCCUGGAAGUUGCCACUCCA 

30 GUGCCCACCAGCCUIJGUCCUAAUAAAAUUAAGUUGCAUC(SEQIDNO:21) 

83 

AUUAAGACUUUCUCGAAUGGUUGCGACUAUGUGUCCAACAAGGGCGUGGAUACU
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[003021LNP-RSVFD3mRNAcompositionswereadministeredtoNEUPs. Groupsof6 

cynomolgusmacaqueswereadministereda5~xgdoseofmRNAencapsulatedwiththeabove 

LNPsora10jigdoseofanRSVPre-FNPsubunitcontrolvaccineadjuvantedwithAl(OI1)3,by 

intramuscular(IM)injectiononDOandD21. Monkeyswerebledpriortoeachvaccine 

5 administrationaswellasattwoweekspost-lastvaccination(D35).AsshowninFIG.29,alltested 

cationiclipidseffectivelyinducedtheproductionofanti-RSVFproteinantibodiestoasimilar 

levelasaPre-FNPwithanaluminumadjuvant.  

[003031AsshowninFIG.30alltestedcationiclipidsgeneratedeffectiveRSVneutralization 

titerstoasimilarlevelasaPre-FNPwithanaluminumadjuvant.  

10 [003041ThecumulativeresultsofFIG.29andFIG.30areshownbelowinTable9andTable 

10.  

Table9.Magnitudeofimmuneresponse 

LNP Neutralization Foldvs.MC3 

Formulation Titer _______________________ 

LIPIDA 9.86 23.43 

LIPIDB 10.03 26.35 

LIPIDC 8.509 9.18 

LIPIDB 6.929 3.07 

LIPIDD 8.894 11.99 

MC3 5.308 1.00 

Table10.Qualityofimmuneresponse 

AntibodyTiter/ 
a a a a a a Neutralization a a a 

CationicLipidAntibodyTiter Titer NeutralizationTiter 
__________________________________________ ratio 

LIPIDA 15.58 9.86 52.71 

LIPIDB 15.56 10.03 46.21 

LIPIDC 14.67 8.51 71.51 

LIPIDB 13.27 6.93 81.01 

LIPIDD 14.71 8.89 56.49 

MC3 11.3 5.31 63.56 

84 

Pre-FNP 10.97 50.56
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Prc-FNP 17.59 10.97 98.36 

[003051Abetterqualityofanimmuneresponseisdemonstratedwithalowervalueforthe 
a antibodytiter/neutralizationtiterratio.HeretheLNPformulationLipidBdemonstratedthebest 

5 qualityofimmuneresponsewhileallLNPformulationsdemonstratedasuperiorqualityof 

immuneresponsecomparedtothenon-mRNAvaccinePre-FNPandseveralwerebetterthanthe 

industrybenchmarkLNPformulationof.  

Example9:SARS-CoV-2Spike(5)protein-encodingmRNALNPFormulations 

10 [003061LNP Formulations with SARS-CoV-2 Spike ~ ) protein-encoding mRNA: 

[003071AnLNPformulationcontainingaSARS-CoV-2Sprotein-encodingmRNAwas 

administeredtohumansubjects.ThesubjectswereadministeredanLNPofformulationLipidB.  

TheunmodifiedmRNAencodedaSARS-CoV-2Sproteinmutatedtoremovetheftirincleavage 

siteandtomutateresidues986and987toproline.ThesubjectswereadministeredtheLNP

15 SARS-CoV-2vaccineunderclinicaltrialprotocolforNCT04798027,describedbelow.  

[003081Thiswasasequentialgrouppreventionstudyconsistingofasentinelcohortfollowedby 

theFullEnrollmentCohort.Therewere3doselevels(upto25participants18-49yearsofagefor 

eachdoselevel)intheSentinelCohortwhichwasdoneinanopen-labelfashionwithstepwise 

20 vaccinations,21daysapart.FortheFullEnrollmentCohortparticipantswerestratifiedinto2age 

groupsbasedonageatenrollment:theyoungeradultagegroup(140participants18-49yearsof 

age)andtheolderadultagegroup(168participants>50yearsofage).TheFullEnrollmentCohort 

1(Groups1to4)receivedasingleinjectionofstudyinterventionwhileparticipantsinCohort2 

(Groups5to8)received2vaccinations(tobegiven21daysapart).Therouteofadministration 

25 forallgroupswasintramuscular(IM).  

[003091Experimental:Group1 1injectionofSARS-CoV-2mRNAvaccineformulation1at 

Day1.  

[003101Experimental:Group2 1injectionofSARS-CoV-2mRNAvaccineformulation2at 

Day1.  

85 

safetyevaluationforeachdoselevelandeachvaccination.Allsentinelparticipantsreceived2
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[003111Experimental:Group3 1injectionofSARS-CoV-2mRNAvaccineformulation3at 

Day1.  

[003121PlaceboComparator:Group4 1injectionofplacebo(0.90onormalsaline)atDay1.  

[003131Experimental:Group5 2injectionsofSARS-CoV-2mRNAvaccineformulation1at 

5 DaylandDay22.  

[003141Experimental:Group6 2injectionsofSARS-CoV-2mRNAvaccineformulation2at 

Day1andDay22.  

[003151Experimental:Group7 2injectionsofSARS-CoV-2mRNAvaccineformulation3at 

Day1andDay22.  

10 [003161PlaceboComparator:Group8 2injectionsofplacebo(0.90onormalsaline)atDay1 

andDay22.  

[003171Resultsfromthestudyshowedneutralizingantibodyseroconversion(definedas4-fold 

increasevsbaseline)in910oto1000oofstudyparticipantstwoweeksafterasecondinjection 

acrossall3dosagestested.Nosafetyconcernhasbeenobservedandthetolerabilityprofileis 

15 comparabletothatofotherunmodifiedmRNASARS-CoV-2vaccines.  

Example10:FurtherStudiesonQuadrivalentorOctavalentInfluenzaVaccineLNP 

Formulations 

[003181LUAJtitersandNAJtitersweremeasuredfrommiceadministeredvariousmultivalent 

20 a 

A/Michigan/45/2015,A/SINGAPORE/INFJMJJ160019/2016B/Maryland/i5/2016BX69Aand 

B/Phuket/3073/2013.NAJtitersweremeasuredagainstinfluenzastrainsA/Michigan/45/2015, 

A/SINGAPORE/LNFJMHi60019/2016,B/Colorado/06/201, andB/Phuket/3073/2013.  

[003191TheLUAJtitersandNAJtiterswerecomparedagainstmicereceivingmono-or 

25 quadrivalentEtAorNAmRNAvaccines.  

[003201Micewereinjectedwithaprimevaccineonday0andaboostervaccineofthesame 

dosageonDay21.Bloodwascollectedondays1,20,22,and35.Formonovalentcompositions 

containingmRNAencodingHAorNAantigensmRNAencodingeachofthefollowing 

individuallywasused:[I1,[13,EtAfromaB/VictorialineageandHAfromaB/Yamagatalineage 

30 (specifically from strains A/Michigan/45/2015; A/Singapore/Jnfimhl60019/2016; 

B/Maryland/i5/2016;andB/Phuket/3037/2013).Quadrivalentvaccinecompositionscontaining 
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LNP-influenzamRNAvaccines. [IAJtiters weremeasured againstinfluenza strains
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mRNAencodingeachofNi, N2 NAfromaB/VictorialineageandNAfromaB/Yamagata 

lineageandeachofLII1, 113, [IAfromaB/VictorialineageandHAfromaB/Yamagatalineage 

(specifically from strains A/Michigan/45/2015; A/Singapore/Jnfimhl60019/2016; 

B/Colorado/06/2017;andB/Phuket/3037/2013)werealsoprepared.Finallyanoctavalentvaccine 

5 compositioncontainingmRNAencodingeachof[I1,113,HAfromaB/VictorialineageHAfrom 

aB/YamagatalineageeachofNlN2,NAfromaB/VictorialineageandNAfromaB/Yamagata 

lineage (specifically from sWains A/Michiganl45/2015; A/Singapore/Jnfimhl60019/2016; 

B/Colorado/06/2017;andB/Phuket/3037/2013)waspreparedandadministeredasanoctavalent 

vaccine. EachmRNAforallcompositionswasaddedinanamountof0.4gg/strain. Foreach 

10 group 6mice.  

[003211AnoverviewofeachexperimentalgroupisrecitedbelowinTable11.  

Table11. Overviewofexperimentalgroupsformultivalentinfluenzavaccinesinmice 

Gro Prime(DO)/boost DosemRNANA Prime(DO)/boost(D21)- DoserHA(rig Adjuvan 
ft N D21 -NAmRNA erstrain HA to etherwithNA erstrain t rHA 

_____ ____________________________________ ~tgp (g 

1 6 LNP diluent _______________________________________________________ 

NAmRNA-LNP(N2 
__ ___________________ 0.4 _________________________ _________ 

3 6 Perth) ___________________ ______________________________________________________ 
NAmRNA-LNP 

4 6 1 0.4___________________________________________________________________________________________________ 
___ (N) __________________________ 

NAmRNA-LNP 
5 6(N2) 0.4________ ___ 

NAmRNA-LNP 
6 6(NV) 0.4__________ ____ 

NAmRNA-LNP 

NAmRNA-LNP 
8 6 (N1,N2,ByBY) 0.4 __________________ _______ 

96 - ___________HAmRNA-LNP(Hi) 0.4 ______ 

10 6 - HAmRNA-LNPH3 0.4 
___ _____________________ ( ________ _____ 

11 6 - _____________HAmRNA-LNP (BV) 0.4 _______ 

12 6 - HAmRNA-LNPBY 0.4 
___ ___________ _________ ( ________ _____ 

HAmRNA-LNP(HiH3, 

13 6 - 0.4 
____ ____________________________ BV, BY) __________________ 

NAmRNA-LNP HAmRNA-LNP(HiH3, 
14 6_______________________ 0.4 ______________________________ 0.4 ___________ 

____ (NiN2,BVBY) ___________ BVBY) _______________ 

15 [003221AsshowninFIG.31, octavalentmRNA-LNPformulationsledtoHAltiterswithin4

foldofthequadrivalentfor3outof4influenzastrains.  
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[003231AnoverviewoftheNAJtiterresultsforeachofthegroupsaboveisshowninFIG.33.  

TheoctavalentmRNA-LNPformulationsledtoNAJtiterscomparabletothequadrivalentmRNA

LNPformulations.  

[003241ThusthcdatadcmonstratcthatanoctavalcntvaccincwascapabicofinducingrobustEtA 

5 andNAimmunercsponscsandthatthcprescnceoftheimmunodominant[IAfromfourdiffcrcnt 

influcnzasWainsdoesnotappcartosuppressorintcrfcrcwiththe a 

anti-NAimmunercsponsc.  

[003251Highcontcntimaging-bascdneutralizationtest(HINT)titersforHAandNMtiterswcrc 
a additionallymcasuredfromferretsadministercdvariousmultivalentLNP-influcnzamRNA 

10 vaccincs.The[lINTassayisdcscribedinftirthcrdctailinJorqucractal.(ScicntificReports.9: 

2676.2019),incorporatedhercinbyrefcrence.[lINTtitersweremcasurcdagainstinflucnzastrains 

A/Michigan/45/2015, A/SINGAPORE/INFJMJJ160019/2016, B/JOWA/06/2017 and 

B/Phuket/3073/2013. NAJtitersweremeasuredagainstinfluenzastrainsA/Michigan/45/2015, 

A/SINGAPORE/IINFJMHi60019/2016,B/Colorado/06/201, andB/Phuket/3073/2013.  

15 [003261Ferretsusedtoassessmultivalentvaccineimmunogenicitywerevaccinatedtwice21days 

apartwith(1)amixtureoffourmRNAsencodingNAantigens(NiN2,ByNAandByNA),(2) 

amixtureoffourmRNAsencoding[IAantigens(111, 113,ByIJAandByHA),or(3)amixtureof 

fourmRNAsencodingNAantigens(NiN2,BvNAandByNA)andfourmRNAsencodingHA 

antigens(111, [13BvJJAandByIJA),asshownbelowinTable12.EachHAincludesHAfrom 

20 oneofthefollowingfourstrains:A/Michigan/45/2015(111);A/Singapore/Jnfimh-16-0019/2016 

a antigenswereadministeredata1:1ratio.  

[003271AnoverviewofeachexperimentalgroupisrecitedbelowinTable12.  

[003281Allferretswerebledundersedation(isoflurane)atbaselineonedaybeforeorjustbefore 

25 boosteratboostervaccinationandtwoweeksafterchallengeasrequired.Serasamples(stored 

at 200 Cuntilrequired)weretestedbyELLAtoassessNAJactivity. Additionallythe 

hemagglutinininhibitionassay(HAl)wasundertakentoassess antibodyresponsesto 

hemagglutininantigensfollowingmultivalentvaccination.  

30 
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Table12.Overviewofexperimentalgroupsformultivalentinfluenzavaccinesinferrets 

Group DoseQ~igper Adjuva 
if N Prime DO /boost D21 - NA Prime DO /boost D2 1 - HA strain nt 

_____________________ () () ( _______________________________ ________________ 

1 6 PBS PBS 0
NAmRNA-LNP(NiN2,BV 

11 ____ ____________________________________________________________________________ 1
___ 6BY) _______________________ 

NAmRNA-LNP(NiN2,BV 
12 6BY ____________ 15 

HAmRNA-LNP(HiH3,BV, 

13 6 - BY) 1
HAmRNA-LNP(HiH3,BV, 

14 6 - BY) 15 
NAmRNA-LNP(NiN2,BV HAmRNA-LNP(Hi, H3,BV, 

15 6 BY) BY) 1
NAmRNA-LNP(NiN2,BV HAmRNA-LNP(Hi, H3,BV, 

16 6 BY) BY) 15 

[003291Anoverviewofthe[lINTresultsforeachofthegroupsaboveisshowninFIG.32.The 

octavalentmRNA-LNPformulationsledto[lINTtiterscomparabletothequadrivalentmRNA

5 LNPformulations.  

[003301AnoverviewoftheNAJtiterresultsforeachofthegroupsaboveisshowninFIG.34 

(day20)andFIG.35(day42). TheoctavalentmRNA-LNPformulationsledtoNAJtiters 

comparabletothequadrivalentmRNA-LNPformulations.Thiswastruefromtheday20andday 

42samples.  

10 

Example11:Functionalantibodytiterstoinfluenzaheterologoussubtypestrainsrecorded 

[003311ToevaluateimmunogenicityofthemRNA-LNPinNEIP,0,15,45,kgofSingi6EtA

encodingmRNAencapsulatedineitherLipidAorLipidBLNPformulation(encodingforEtA 

15 A/Singapore/TNFJMIJ-16-0019/2016)wereimmunized.NafvemaleandfemaleMauritiusorigin 

Cynomolgusmacaques(Macacafascicularis)wereused.Animalsweighed>2kgandwere>2 

yearsofageatthestartofthestudies.Groupsconsistedofupto6animalspertreatmentgroup 

andwerevaccinatedin0.5mLoftheirrespectedvaccinedoseordiluentviatheIMrouteinone 

forelimbofeachanimaltargetingthedeltoidonStudyDay0.Twenty-eightdaysafterthefirst 

20 immunizationtookplaceasecondimmunizationwasgiventotheanimalsinthecontralateral 

limb. A quadrivalent egg-derivedinactivatedinfluenzavaccine (1W) containing the 

A/Singapore/TNFJMIJ-16-0019/2016(113N2)strainwasusedasacomparator.  

89 

withmRNAinLipidAorLipidBLNPFormulations:
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[003321InfluenzaassayswereperformedusingtheA/Singapore/INFJMIJ-16-0019/2016(113N2) 

virusstocksfromBIOQUALInc.AdditionalbreadthtestingbyLUAJwasperformedusingthe 
S 

following [13N1 virus stocks. A/Shandoglaicheng/1763/2016, A/Louisiana/i3/2017, 
A/Kenya/105/2017 A/Victoria/746/2017, and A/Michiganl84/2016, A/Aksaray/4048/2016.  

5 Theseincludestrainsfromboth3c.2aand3c.3acladesaswellasaverydistantswine-like113 

sequence(A/Michiganl84/2016)basedonbioinformaticsanalysistoselectasetofmaximally 

diverseJ13N2sequencesfromthesametimeframeasA/Singapore/TNFJMIJ-16-0019/2016.  

[003331Formicroneutralization(MN)assaysserasamplesweredilutedinreceptor-destroying 

enzyme(DenkaSeiken,370013)andincubatedovernightina37 0 Cwaterbath.Sampleswere 

10 a 

heat-inactivatedfor30-minutesat56 0 Cthentwo-foldserialdilutionswereruninduplicatein96
wellplates.Anequalvolumeofvirusat1OOTCJDsowasaddedtotheplatesfollowedbya1-hour 

incubationat37 0 C.One-hundredmicrolitersofsample/virusmixturewastransferredto96-well 

flat-boffomplatesofMDCKcells(ATCC#CCL-34)containingTPCK-treatedmediaand 

incubatedfor48-hoursat37 0 Cwith50oC02.Plateswerefixedwithcoldacetonethenstained 

15 withbiotin-conjugatedanti-InfluenzaANP(MilliporeMAB82S8B)followedbyincubationwith 

DELFIAEuropium-labeledstreptavidininDelfiaassaybuffer.Fluorescencewasmeasuredand 

endpointtitersreported.  

[003341Atday43, afterthesecondimmunizationNEUPsvaccinatedwithSing16LLA-CL-059and 

Sing16LLA-CLO17developedneutralizingantibodiestohomologousvirusA/Singapore/TNFIMIJ

20 16-0019/2016(113N2),asnotedinMINassay(FIG.36andFIG.37).FurtherinthismodelMINT 

A/Louisiana/i3/2017, A/Kenya/i05/2017, A/Victoria/746/20i7, and A/Aksaray/4048/2016 

contrarytothe1Wvaccine.ThedataindicatesthesaidmRNAformulationshavepotentialto 

providegreaterbreadththan1Wcoveringforheterosubtypestrainsofinfluenza.  

25 
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CLAIMS 

1. Apharmaceuticalcompositioncomprisinganucleicacidmoleculeencapsulatedinalipid 

nanoparticle(LNP),whereintheLNPcomprises: 

5 acationiclipidatamolarratiobetween350and450o, 

apolyethyleneglycol(PEG)conjugated(PEGylated)lipidatamolarratiobetween0.250 

and2.750~, 

acholesterol-basedlipidatamolarratiobetween200oand350oand 

ahelperlipidatamolarratioofbetween250oand350~, 

10 whereinallthemolarratiosarerelativetothetotallipidcontentoftheLNP.  

2. Thecompositionofclaim1,whereintheLNPcomprises: 

acationiclipidatamolarratioof400o, 

aPEGylatedlipidatamolarratioof1~50o, 

15 acholesterol-basedlipidatamolarratioof28.50oand 

ahelperlipidatamolarratioof300 

34 Thecompositionofclaim1or2whereinthecationiclipidisOF-02,cKK-E10,GL

HEPES-E3-E10-DS-3-E18-1, GL-HEPES-E3-E12-DS-4-E10,orGL-HEPES-E3-E12-DS-3-E14.  

20 

dimyristoyl-PEG2000(DMG-PEG2000).  

5. Thecompositionofanyoneoftheprecedingclaimswhereinthecholesterol-basedlipidis 

25 cholesterol.  

6. Thecompositionofanyoneoftheprecedingclaimswhereinthehelperlipidis1,2

dioleoyl-SN-glycero-3-phosphoethanolamine(DOPE).  

30 7. Thecompositionofclaim1,whereintheLNPcomprises: 

OF-02atamolarratioof400o, 

91 

4. ThecompositionofanyoneoftheprecedingclaimswhereinthePEGylatedlipidis
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DMG-PEG2000atamolarratioof1~50 

cholesterolatamolarratioof28.5 0 oand 

DOPEatamolarratioof300o.  

5 8. Thccompositionofclaim1,whercinthcLNPcompriscs: 

cKK-E1Oatamolarratioof4O 0 o, 

DMG-PBG2000atamolarratioof1~50 

cholesterolatamolarratioof28.5 0 oand 

DOPEatamolarratioof300o.  

10 

9. Thccompositionofclaim1,whercinthcLNPcompriscs: 

GL-HEPES-E3-E1O-DS-3-E18-1atamolarratioof400o, 

DMG-PEG2000atamolarratioof1~50 

cholesterolatamolarratioof28.5 0 oand 

15 DOPEatamolarratioof300o.  

10. Thecompositionofclaim1,whereintheLNPcomprises: 

GL-HEPES-E3-E12-DS-4-E1Oatamolarratio o, 

DMG-PEG2000atamolarratioof1~50 

20 cholesterolatamolarratioof28.50oand 

11. Thecompositionofclaim1,whereintheLNPcomprises: 

GL-HEPES-E3-E12-DS-3-E14atamolarratio o, 

25 DMG-PEG2000atamolarratioof1*50 

cholesterolatamolarratioof28.5 0 oand 

DOPEatamolarratioof300o.  

12. ThecompositionofanyoneoftheprecedingclaimswhereintheLNPhasanaverage 

30 diameterof3O-200nm.  

92 

DOPEatamolarratioof300o.
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13. Thecompositionofclaim12,whereintheLNPhasanaveragediameterof80-150nm.  

14. Thecompositionofanyoneoftheprecedingclaimswhereinthecompositioncomprises 

1-10,optionally1,mg/mLofthcLNP.  

5 

15. ThccompositionofanyoneofthepreccdingclaimswhercinthcLNPcomprises1-20, 

optionally5-10or6-8nucicicacidmolecuics.  

16. Thecompositionofanyoneoftheprecedingclaimswhereinthenucleicacidmolecule(s) 

10 isanmRNAmoleculecomprisinganopenreadingframe(ORF).  

17. Thecompositionofclaim16,whereinthemRNAmoleculeencodesanantigenoptionally 

aviralantigenorabacterialantigen.  

15 18. Thecompositionofclaim17,whereintheantigenisderivedfrominfluenzavirus.  

19. Thecompositionofclaim17or18,whereintheLNPcomprisestwoormoremRNA 

moleculeswhereineachmRNAmoleculeencodesadifferentantigenoptionallywhereinthe 

differentantigensarefromthesamepathogenorfromdifferentpathogens.  

20 

whereineachLNPcomprisesanmRNAencodingadifferentantigenoptionallywhereinthe 

differentantigensarefromthesamepathogenorfromdifferentpathogens.  

25 21. Thecompositionofclaim19or20,whereinthecompositioncomprisestwothreefour 
fivesixseveneightnineormoremRNAmoleculesencoding(i)oneormorehemagglutinin 

, 

(HA)antigens,(ii)oneormoreneuraminidase(NA)antigensor(iii)atleastoneEtAantigenand 

atleastoneNAantigen.  
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20. Thecompositionofclaim17or18,whereinthecompositioncomprisestwoormoreLNPs,
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22. Thecompositionofanyoneofclaims18-21, whereinthecompositioncomprisesoneor 

moremRNAmoleculesencodingantigensofinfluenzaABand/orCvirusesoptionallywherein 

theantigensare[IAand/orNAantigensofinfluenzaAandinfluenzaBviruses.  

5 23. Thecompositionofclaim22,whereintheHAantigensofinfluenzaAvirusesareselected 

ftomsubtypeslll,112113,114,115,116117,H8,119,H1OL111,11121113,1114,1115,11161117, 

andH18;and/ortheNAantigensofinfluenzaAvirusesareselectedfromsubtypesN1,N2, N3, 

N4,N5,N6,N7,NSN9,N1OandNll.  

10 24. Thecompositionofclaim22or23,whereintheHAandNAantigensofInfluenzaBviruses 

arefromtheInfluenzaB/YamagatalineageortheInfluenzaB/Victorialineage.  

25. Thecompositionofanyoneofclaims22-24whereinthecompositioncomprisestwo, 

threefourfivesixseveneightnineormoremRNAmoleculesencoding(i)oneormoreHA 

15 antigens,(ii)oneormoreNAantigensor(iii)acombinationofoneormoreHAantigensandNA 

antigensselectedfromHiNiH3N2H2N2,HSN1,H7N9,H7N7,H1N2,H9N2,H7N2,H7N3, 

HSN2, andH10N7subtypesand/orB/YamagataandB/Victorialineages.  

26. Thecompositionofanyoneofclaim22-25whereinthecompositioncomprisesone 

20 mRNAmoleculeencodingan113HAantigenonemRNAmoleculeencodinganHiHAantigen, 

mRNAmoleculeencodinganHAantigenfromtheInfluenzaB/Victorialineage.  

27. Thecompositionofanyoneofclaims22-26,whereinthecompositioncomprisesone 

25 mRNAmoleculeencodinganH3HAantigenonemRNAmoleculeencodinganN2NAantigen, 

onemRNAmoleculeencodinganHiHAantigenonemRNAmoleculeencodinganNiNA 

antigenonemRNAmoleculeencodinganHAantigenfromtheInfluenzaB/Yamagatalineage, 

onemRNAmoleculeencodinganNAantigenfromtheInfluenzaB/YamagatalineageonemRNA 

moleculeencodinganHAantigenfromtheInfluenzaB/VictorialineageandonemRNAmolecule 

30 encodinganNAantigenfromtheInfluenzaB/Victorialineage.  

94 

onemRNAmoleculeencodinganHAantigenfromtheInfluenzaB/Yamagatalineageandone
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28. Thecompositionofclaim16,whereinthemRNAmoleculecomprisesanopenreading 

frame(ORF)encodingarespiratorysyncytialvirus(RSV)Fproteinantigen.  

29. Thecompositionofclaim28,whereintheRSVFproteinantigencomprisesanaminoacid 

5 sequencewithatleast980oa toSEQIDNO:16orconsistsofanaminoacidsequenceof 

SEQIDNO:16.  

30. Thecompositionofclaim28or29whereintheRSVFproteinantigenisapre-frision 
a 

protein.  

10 

31. Thecompositionofanyoneofclaims16-30whereintheORFiscodonoptimized.  

32. Thecompositionofanyoneofclaims16-31, whereinthemRNAmoleculecomprisesat 

leastone5' untranslatedregion(5'UTR),atleastone3' untranslatedregion(3' UTR),andatleast 

15 onepolyadenylation(poly(A))sequence.  

33. Thecompositionofanyoneofclaims16-32,whereinthemRNAcomprisesatleastone 

chemicalmodification.  

20 34. Thecompositionofanyoneofclaims16-33, whereinatleast200oatleast300~, atleast 

or1000~oftheuracilnucleotidesinthemRNAarechemicallymodified.  

35. Thecompositionofanyoneofclaims16-33, whereinatleast200oatleast300~, atleast 

25 400~, atleast50~~atleast600oatleast700oatleast800oatleast850~atleast900oatleast950o, 

or1000~oftheuracilnucleotidesintheORFarechemicallymodified.  

36. Thecompositionofanyoneofclaims33-35,whereinthechemicalmodificationisselected 

fromthegroupconsistingofpseudouridine N1-methylpseudouridine,2-thiouridine,4

30 thiouridine, 5-methylcytosine, 2-thio-l-methyl-1-deaza-pseudouridine, 2-thio-l-methyl

pseudouridine,2-thio-5-aza-uridine,2-thio-dihydropseudouridine,2-thio-dihydrouridine,2-thio

95 

4000~atleast50"'oatleast600oatleast700oatleast800oatleast850oatleast900oatleast950o,
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PSeudouridine 4-methoxy-2-thio-pseudouridine, 4-methoxy-pseudouridine 4-thio-1-methyl

PSeudouridine, 4-thio-pseudouridine5-aza-uridine, dihydropseudouridine, 5-methyluridine5

methyluridine, 5-methoxyaridine, and2'-0-methylUndine.  

5 37. Thccompositionofclaim36,whercinthcchcmicalmodificationissclcctcdfromthcgroup 

consistingofpscudouridinc, N1-mcthylpscudouridine, 5-methylcytosine, 5-methoxyuridinc, and 

acombinationthcreof.  

38. Thc composition of claim 36 wherein thc chemical modification is Ni

10 mcthylpseudouridine.  

39. Thecompositionofanyoneofclaims28-38whereinthemRNAcomprisesanucleicacid 
a 

sequencewithatleast800oidentitytoanucleicacidsequencesetforthinSEQIDNO:17.  

15 40. Thecompositionofanyoneofclaims28-38whereinthemRNAcomprisesanucleicacid 
a 

sequencewithatleast800oidentitytoanucleicacidsequencesetforthinSEQIDNO:21.  

41. Thecompositionofanyoneofclaims28-38whereinthemRNAcomprisesofthe 

U followingstructuralelements.  

20 (i)a5capwiththefollowing U 

N NH 
OH OH I KIN~NH2 

0 0 0 N -, 
II II II 

0-P-Q-P-o-P-o 
I I I 

H2N N N 0- 0- 0

Q 0 
HN I I' 

-o-P=o OH3 

I 
0 0 U 

F (ii)a5untranslatedregion(5' UTR)havingthenucleicacidsequenceofSEQIDNO:19; 

(iii)aproteincodingregionhavingthenucleicacidsequenceofSEQIDNO:17~ 

(iv)a3' untranslatedregion(3' UTR)havingthenucleicacidsequenceofSEQIDNO:20and 

25 (v)apoly(A)tail.  
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42. Thecompositionofanyoneoftheprecedingclaimswhereinthecompositionisformulated 

forintramuscularinjection.  

43. Thecompositionofclaim42,whereinthecompositioncomprisesaphosphate-buffer 

5 saline.  

44. Thecompositionofanyoneoftheprecedingclaimswhereinthecompositioncomprising 

trehaloseoptionallyat100o(w/v)ofthecomposition.  

10 45. Amethodofpreparingthecompositionofanyoneoftheprecedingclaimscomprising 

providinganaqueousbufferedsolutioncomprisingthenucleicacidmolecule, 

providinganamphiphilicsolutioncomprisingthecationiclipidthePEGylatedlipidthe 

cholesterol-basedlipidandthehelperlipidand 

mixingtheaqueousbufferedsolutionandtheamphiphilicsolutionataratioof5:1to3:1, 

15 optionally4:1.  

46. Themethodofclaim45,whereintheaqueousbufferedsolutionisanacidicbuffered 

solutionoptionallycomprising1mMcitrateand150mMsodiumchloridewithapHofabout4.5.  

48. Amethodofelicitinganimmuneresponseinasubjectinneedthereotcomprising 

administering to the subject, optionally intramuscularly, intranasally, intravenously, 

subcutaneouslyorintradermallyaprophylacticallyeffectiveamountofthecompositionofany 

25 oneofclaims1-47.  

49. Amethodofpreventinginfluenzainfectionsorreducingoneormoresymptomsof 

influenzainfectionscomprisingadministeringtothesubjectoptionallyintramuscularly, 

intranasallyintravenouslysubcutaneouslyorintradermallyaprophylacticallyeffectiveamount 

30 ofthecompositionofanyoneofclaims18-27.  

97 

20 47. Themethodofclaim45or46,whereintheamphiphilicsolutionisanethanolsolution.
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50. Themethodofclaim49,whereinthecompositionelicitsanimmuneresponseagainstone 

ormoreseasonaland/orpandemicinfluenzastrains.  

51. Themethodofanyoneofclaims48-50,comprisingadministeringtothesubjectoneor 

5 moredosesofthecompositioneachdosecomprising1-250,optionally2.5.,5,15,45,or135,kg 

ofmRNA.  

52. Themethodofanyoneofclaims48-51, comprisingadministeringtothesubjecttwodoses 

ofthecompositionwithanintervalof2-6,optionally4,weeks.  

10 

534 Useofthecompositionofanyoneofclaims1-44forthemanufactureofamedicamentfor 

useintreatingasubjectinneedthereofoptionallyinamethodofanyoneofclaims48-52.  

54. Thecompositionofanyoneofclaims1-44foruseintreatingasubjectinneedthereot 

15 optionallyinamethodofanyoneofclaims48-52.  

55. Akitcomprisingacontainercomprisingasingle-useormulti-usedosageofthe 

compositionofanyoneofclaims1-44,optionallywhereinthecontainerisavialorapre-filled 

synngeorinjector.  

20 

influenzavirus[IAantigenand/oraninfluenzavirusNAantigenhavingamolecularsequence 

identifiedordesignedfromamachinelearningmodel.  

25 
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56. Thecompositionaccordingtoanyofclaims21-27,whereintheantigenscomprisean
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