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TITLEOFINVENTION 

CELL-BASEDTHERAPYFORVIRALDISEASES 

CROSSREFERENCETORELATEDAPPLICATIONS 

ThisapplicationclaimsthebenefitofU.S.provisionalapplicationserialNo.63/092,572, 

5 filedonOctober16,2020,whichisincorporatedhereinbyreferenceinitsentirety.  

SEQUENCELISTING 

ThisapplicationcontainsaSequenceListingincomputerreadableformentitledGI7018

00018-SeqListing5T25.txtcreatedonOctober15,2021havingasizeof~15kilobyteswhich 

isincorporatedhereinbyreference.  

10 TECHNICALFIELD 

Thepresentdisclosurerelatestomethodsandcompositionsregardingcell-based 

therapeuticsandtherapiesforviraldiseasessuchasCoronavirusdisease(OOVID-19).  

BACKGROUNDART 

Cell-basedgenetransferisatechniqueforconductingexvivomodificationonthecellto 

15 transfernucleicacidsequencematerials.Inthisprocedurenucleicacidsequencescontaining 

thegeneswhichitisdesiredtointroduceintothepatient'sbody(thetransgenes)areprepared 

extracellularlye.g., byusingmolecularbiologyandgeneticengineeringtechnologies.  

Mammaliancellssuchasthepatient'sown(he.,autologous)orcellsfromanotherindividual(he., 

20 expressibleform.Thetransgenesmaybeforeigntothemammaliancelladditionalcopiesof 

genesalreadypresentinthecelltoincreasetheamountofexpressionproductofthegeneor 

copiesofnormalgeneswhichmaybedefectiveormissinginaparticularpatientorwhose 

overexpressioninthepatientisdesirable.Thenthecellscontainingthetransgeneareintroduced 

intothepatientsothatthegenemayexpresstherequiredgeneproductsinthebodyfor 

25 therapeuticpurposes.Thetake-upoftheforeigngenebythecellsinculturemaybeaccomplished 

bygeneticengineeringtechniquese.g., bycausingtransfectionofthecellswithaviruscontaining 

thenucleicacidofthegenetobetransferredbylipofectionbyelectroporationorbyother 

acceptedmeanstoobtaintransfectedcellssuchastheuseofviralvectors.Thisissometimes 

followedbyselectiveculturingofthecellswhichhavesuccessfullytakenupthetransgeneinan 

30 expressibleformsothatadministrationofthecellstothepatientcanbelimitedtothetransfected 

cellsexpressingthetransgene.Inothercasesallofthecellssubjecttothetake-upprocessare 

administered.  

allogenic)cellsarethenculturedinvitroandtreatedsoastotakeupthetransgeneinan
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Thisprocedurehasinthepastrequiredadministrationofthecellscontainingthe 

transgenedirectlytothebodyorganrequiringtreatmentwiththeexpressionproductofthe 

transgene.Thustransfectedcellsinanappropriatemediumhavebeendirectlyinjectedintothe 

liverorintothemusclerequiringthetreatmentorviathesystemicarterialcirculationtoenterthe 

5 organrequiringtreatment.  

Previousattemptstointroducesuchgeneticallymodifiedcellsintothesystemicarterial 

circulationofapatienthaveencounteredanumberofproblems.Forexamplethereisdifficulty 

inensuringasufficientlyhighassimilationofthegeneticallymodifiedcellsbythespecificorgan 

orbodypartwherethegeneexpressionproductisrequiredforbesttherapeuticbenefit.Thislack 

10 ofspecificityleadstotheadministrationofexcessiveamountsofthegeneticallymodifiedcells, 

whichisnotonlywastefulandexpensivebutalsoincreasesrisksofsideeffects.  

OnMarch11, 2020,theWorldHealthOrganizationdeclaredCoronavirusdisease 

(OOVID-19)asapandemic(1).OOVID-19iscausedbyanovelcoronavirusSevereAcute 

RespiratorySyndromeCoronavirus2(SARS-CoV-2).ApproximatelyI5%ofhospitalizedpatients 

15 developedseverediseasewithviralpneumoniawhile6%progressedtoacriticalstagerequiring 

intensivecareadmission(2),duetoseverecomplicationssuchasacuterespiratorydistress 

syndrome(ARDS),sepsisorsepticshock.  

ThehallmarkofOOVID-19infectionisviral-inducedacuteinflammationleadingtolung 

injury(pneumoniaandARDS),characterizedbygroundglassopacityradiologicalfindings.ARDS 

20 presentsintheseverecasesofOOVID-19,alongwithsepsisandsepticshockandorganinjury 

andfailure(3).Inthesepatientsdysfunctionalimmuneresponsesofthehostcauseacascade 

ofendothelialandcoagulopathyresponses.Thesestatestogetherculminateinpersistentorgan 

mayleadtoorganfailureanddeath(5).ThepathogenicmechanismofARDSisincreased 

25 capillarypermeabilityduetodamageofthecapillaryendotheliumandalveolarepithelium.This 

leadstoapathwaywhereimpairedfluidremovalfromthealveolarspacecausesaccumulationof 

fluidinsidethealveolileadingtoalveolardamageandthereleaseofpro-inflammatorycytokines 

alongwithneutrophils(5).AnothermajorcomplicationaffectingOOVID-19mortalityissepsis~ 

Patientssufferahighmortalityrateof2O~4O%,andthosewhosurvivefacelong-termmorbidity 

30 associatedwithphysicalcognitiveandemotionaldysfunction(6,7).In2013,sepsisaccounted 

formorethan$24billioninhospitalexpensesintheU.Swithcostestimatedincreaseto$62 

billionin2019(8).Despitedecadesofclinicaltrialsnospecifictherapeuticagenthasproduced 

significantimprovementinsurvivalorlong-termprognosis.SimilartoARDSsepsisalsocauses 

widespreadendothelialdysfunction elevatedprocoagulantstateandincreasedvascular 

35 permeabilityallofwhichcumulativelywillresultinpersistenttissueinjuryorganfailureoreven 

death(9,10).  

injuryand/orevendeath(4).ARDScanpresentwithotherco-morbiditiessuchassepsisand
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ThepathologyofCOVID-19infectionhasbeenlinkedtocytokinestormsyndrome, 

wherebyviralinfectiontriggersacutereleaseofpro-inflammatorycytokines(IL-2,IL-6IL-7, 

GOSFIP-lOMOP-IMIPIAandTNFa(11),whichcaninducepulmonaryedemaARDSacute 

cardiacinjurysepsisandsepticshock(duetosecondaryinfection)leadingtodeath(11). Under 

5 thecurrentglobalpandemicOOVID-19posesaseriousandimmediatehealththreattotheUS 

civilianandworldpopulation.CurrenttherapiesforsevereCOVID-19patientsinIOUareonly 

supportivenon-specifictopathogen(ex.generalantiviraltherapyantibiotics)orhavepotentially 

significantsideeffects(e.g.,Ohloroquine).Consolidatedantibodytherapyiscurrentlybeing 

investigatedasapossibletreatmentoption.Howeverthiswillnotaddressthedysfunctionalhost 

10 immune response that leads to adverse outcomes. Urgent need for an effective 

immunomodulatorytherapytoaddresspathologicalimmuneresponsesinCOVID-19infection.In 

theabsenceofeffectivetherapiestheoutcomeofCOVID-I9infectionisessentiallydependent 

ononesownimmuneresponse.  

Thepresentdescriptionreferstoanumberofdocumentsthecontentofwhichisherein 

15 incorporatedbyreferenceintheirentirety.  

SUMMARY 

Thepresentdisclosurerelatestothefollowingitems: 

I. Amesenchymalstemcell(MSC)thatisgeneticallymodifiedtooverexpressan 

angiopoeitin-I(ANGPTI)polypeptideandanIFN-inducedtransmembrane(IFITM)polypeptide.  

20 2. TheMSCofitemI, whereintheMSCexpressesarecombinantANGPTIpolypeptide.  

3. TheMSCofitem2,whereintherecombinantANGPTIpolypeptidecomprisesanamino 

acidsequencethatisatleast70%identicaltotheaminoacidsequenceofresidues16to498of 

4. TheMSCofitem3,whereintherecombinantANGPTIpolypeptidecomprisesanamino 

25 acidsequencethatisatleast90%identicaltotheaminoacidsequenceofresidues16to498of 

SEQIDNO:9.  

5. TheMSCofitem4,whereintherecombinantANGPTIpolypeptidecomprisestheamino 

acidsequenceofresidues16to498ofSEQIDNO:9.  

6. TheMSCofanyoneofitemsIto5,whereintheMSCcomprisesafirstexogenousnucleic 

30 acidcomprisinganANGPTIpolypeptide-encodingregionoperablylinkedtoapromoteror 

promoter/enhancercombination.  

7. TheMSCofitem6,whereinthepromoterisacytomegalovirus(CMV)promoter.  

8. The MSC ofitem 6 whereinthe promoter/enhancercombination is a CMV 

promoter/enhancercombination.  

SEQIDNO:9.
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9. TheMSCofanyoneofitems6to8,whereintheANGPTIpolypeptide-encodingregion 

comprisesanucleotidesequencehavingatleast70%identitywiththenucleotidesequenceof 

SEQIDNO:7or8.  

10. TheMSCofitem9,whereintheANGPTIpolypeptide-encodingregioncomprisesthe 

5 nucleotidesequenceofSEQIDNO:7or8.  

II. TheMSCofanyoneofitemsItoI0,whereintheMSCexpressesarecombinantIFITM 

polypeptide.  

12. TheMSOofitemII, whereintherecombinantIFITMpolypeptideisarecombinantIFITMI 

orIFITMSpolypeptide.  

10 13. TheMSCofitem12,whereintherecombinantIFITMpolypeptidecomprisesanamino 

acidsequencethatisatleast70%identicaltotheaminoacidsequencesofSEQIDNO:3or6.  

14. TheMSCofitem13,whereintherecombinantIFITMpolypeptidecomprisesanamino 

acidsequencethatisatleast90%identicaltotheaminoacidsequencesofSEQIDNO:3or6.  

15. TheMSCofitem14,whereintherecombinantIFITMpolypeptidecomprisestheamino 

15 acidsequencesofSEQIDNO:3or6.  

I6. TheMSOofanyoneofitemsIItoI5,whereintheMSOcomprisesasecondexogenous 

nucleicacidcomprisinganIFITMpolypeptide-encodingregionoperablylinkedtoasecond 

promoterorpromoter/enhancercombination.  

17. TheMSCofitem16,whereinthesecondpromoterisaCMVpromoter.  

20 18. TheMSOofitem16whereinthesecondpromoter/enhancercombinationisaCMV 

promoter/enhancercombination.  

19. TheMSCofanyoneofitems16to18,whereintheIFITMpolypeptide-encodingregion 

2,4or5.  

25 20. TheMSCofitem19,whereintheIFITMpolypeptide-encodingregioncomprisesa 

nucleotidesequencehavingatleast90%identitywiththesequenceofSEQIDNO:1, 2,4or5.  

21. TheMSCofitem20,whereintheIFITMpolypeptide-encodingregioncomprisesa 

nucleotidesequenceofSEQID , 2,4or5.  

22. TheMSCofanyoneofitemsI8to32,whereinthefirstand/orsecondexogenousnucleic 

30 acid(s)is/arecomprisedinavectororplasmid.  

23. TheMSOofitem22,whereinthefirstandsecondexogenousnucleicacidsarecomprised 

inthesamevectororplasmid.  

24. ApharmaceuticalcompositioncomprisingtheMSCofanyoneofitemsIto23anda 

pharmaceuticallyacceptableexcipient.  

35 25. TheMSCofanyoneofitemsIto23orthepharmaceuticalcompositionofitem24,for 

useasamedicament.  

comprisesanucleotidesequencehavingatleast70%identitywiththesequenceofSEQIDNO:1,
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26. TheMSCorpharmaceuticalcompositionforuseofitem25,whereinsaidmedicamentis 

forthepreventionortreatmentofaviraldiseaseinasubject.  

27. TheMSOorpharmaceuticalcompositionforuseofitem26whereintheviraldiseaseis 

COVID-19orinfluenza.  

5 28. TheMSCorpharmaceuticalcompositionforuseofitem26or27,whereinthesubjectis 

human.  

29. TheMSCorpharmaceuticalcompositionforuseofanyoneofitems26-28,whereinthe 

MSOareallogenicwithrespecttothesubject.  

30. TheMSCorpharmaceuticalcompositionforuseofanyoneofitems26-28,whereinthe 

10 MSCareautologouswithrespecttothesubject.  

31. TheMSOorpharmaceuticalcompositionforuseofanyoneofitems26-30,whereinthe 

MSCareforadministrationintothelungs.  

32. Amethodforpreventingortreatingaviraldiseaseinasubjectcomprisingadministering 

tothesubjectaneffectiveamountoftheMSCofanyoneofitemsIto23orpharmaceutical 

15 compositionofitem24.  

33. Themethodofitem32,whereintheviraldiseaseisOOVID-19orinfluenza.  

34. Themethodofitem32or33,whereinthesubjectishuman.  

35. Themethodofanyoneofitems32-34,whereintheMSOareallogenicwithrespecttothe 

subject.  

20 36. Themethodofanyoneofitems32-34,whereintheMSOareautologouswithrespectto 

thesubject.  

37. Themethodofanyoneofitems32-36,whereintheMSCareadministeredintothelungs 

38. UseoftheMSCofanyoneofitemsIto23orthepharmaceuticalcompositionofitem24 

25 forthemanufactureofamedicamentforthepreventionortreatmentofaviraldiseaseinasubject.  

39. UseoftheMSOofanyoneofitemsIto23orthepharmaceuticalcompositionofitem24 

forthepreventionortreatmentofaviraldiseaseinasubject.  

40. Theuseofitem38or39,whereintheviraldiseaseisOOVID-19orinfluenza.  

41. Theuseofanyoneofitems38-40,whereinthesubjectishuman.  

30 42. Theuseofanyoneofitems38-41, whereintheMSCareallogenicwithrespecttothe 

subject.  

43. Theuseofanyoneofitems38-41whereintheMSCareautologouswithrespecttothe 

subject.  

44. Theuseofanyoneofitems38-43,whereintheMSCareforadministrationintothelungs.  

35 

Itisalsoanobjectofthepresentdisclosuretotreatthepulmonaryeffectsofviraldiseases 

suchasCOVID-19byutilizingnoveltherapeuticsincludingcelltherapyandcell-basedgene 

ofthesubject.
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therapy.Thetechnologydescribedhereinisanovelready-for-clinicoff-the-shelfcell-based 

therapyfortreatmentofARDScausedbyviraldiseasessuchasOOVID-19throughtheir 

enhancedanti-viralanti-inflammatoryandreparativecapabilitiesaddressesthistreatmentgap.  

Inoneaspectofthedisclosureatleasttworecombinantproteinsthatsuppressthe 

5 pulmonaryeffectsofviraldiseasessuchasOOVID-19areco-expressedinamesenchymal 

stem/stromalcell(MSC).  

Inoneembodimentthetwoproteinsmaybecodonoptimized.  

Inanotherembodimentthetwoproteinsmaybeandregulatedbyatleastonepromoter.  

InanotherembodimentAngiopoetin-1(Angptl)isoneoftherecombinantproteins.  

10 Inanotherembodimentasecondproteinisaninterferoninducedtransmembrane 

protein(IFITM).  

InanotherembodimentthesecondproteinisIFITMI.  

InanotherembodimentthesecondproteinisIFITM3.  

Inanotherembodimenttheexpressionofeachoftheatleasttwoproteinsiscontrolled 

15 byanindependentpromoter.  

InanotherembodimentanindependentpromoterisaCMVpromoter.  

Inanotherembodimentthenucleicacidsencodingtheatleasttwoproteinsareinthe 

samevector.  

Inanotheraspectofthedisclosureanallogeneicmesenchymalstemcellthatexpresses 

20 atleasttworecombinantproteinsthatsuppressthepulmonaryeffectsofviraldiseasessuchas 

OOVID-19isusedtotreatasubjectsufferingfromaviraldisease.  

Thepresentdisclosurealsoprovidesamethodforalleviatingpulmonarysymptomsof 

lungbyinjectionintothepulmonarycirculationofthemammalianpatient.  

25 ThepresentdisclosurealsoprovidesaOOVID-19alleviatingtherapeuticcomprisinga 

transformedallogeneicmesenchymalstemcellswhereinthetherapeuticisdeliveredintra 

arteriallyorintravenously.  

Inoneembodimentthemesenchymalstemcellthatexpressesatleasttworecombinant 

proteinsisdeliveredintraarteriallyorintravenously.  

30 Inanotherembodimentthetwoproteinsmaybecodonoptimized.  

Inanotherembodimentthetwoproteinsmaybeandregulatedbyatleastonepromoter.  

InanotherembodimentAngptlisoneoftheproteins.  

InanotherembodimentasecondproteinisanIFITM.  

InanotherembodimentthesecondproteinisIFITMI.  

35 InanotherembodimentthesecondproteinisIFITMS.  

Inanotherembodimenttheexpressionofeachoftheatleasttwoproteinsiscontrolled 

byanindependentpromoter.  

OOVID-19comprisingadministrationofatransformedallogeneicmesenchymalstemcellstothe
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InanotherembodimentanindependentpromoterisaCMVpromoter.  

Inanotherembodimentthenucleicacidsencodingtheatleasttwoproteinsareinthe 

samevector.  

Inanotheraspectofthedisclosureanallogeneicmesenchymalstemcellthatexpresses 

5 atleasttworecombinantproteinsthatsuppressthepulmonaryeffectsofCOVID-19isa 

pharmaceuticalcomposition.  

Inoneembodimentthepharmaceuticalcompositioncomprisesapharmaceutically 

acceptablecarrierexcipientoradjuvant.  

Inanotherembodimentthetwoproteinsmaybecodonoptimized.  

10 Inanotherembodimentthetwoproteinsmaybeandregulatedbyatleastonepromoter.  

InanotherembodimentAngptlisoneoftheproteins.  

InanotherembodimentasecondproteinisanIFITM.  

InanotherembodimentthesecondproteinisIFITMI.  

InanotherembodimentthesecondproteinisIFITMS.  

15 Inanotherembodimenttheexpressionofeachoftheatleasttwoproteinsiscontrolled 

byanindependentpromoter.  

InanotherembodimentanindependentpromoterisaCMVpromoter.  

Inanotherembodimentthenucleicacidsencodingtheatleasttwoproteinsareinthe 

samevector.  

20 Otherobjectsadvantagesandfeaturesofthepresentinventionwillbecomemore 

apparentuponreadingofthefollowingnon-restrictivedescriptionofspecificembodiments 

thereofgivenbywayofexampleonlywithreferencetotheaccompanyingdrawings.  

Thetechnologywillnowbedescribedbywayofexampleonlywithreferencetothe 

25 accompanyingdrawingsinwhich: 

FIG.IisagraphshowingthattheantiviralgenesIFITMIandIFITM3areupregulatedin 

MSC preconditioned with dsRNA. Differences between the unmodified MSC versus 

preconditioneddsRNA-MSCwereassessedusingatwo-tailedt-testwithstatisticsoftware 

(GraphPadPrismversion8); 

30 FIGs.2Aand2BshowtheIFITMI-Angptlplasmidvectortransgeneconstructandthe 

IFITM3-Angptlplasmidvectortransgeneconstructrespectively; 

FIGs.3A-EshowthequantificationofproteinexpressioninengineeredMSCs.FIG.3A: 

absoluteAngiopoietin-1levelsasdeterminedbyELISAFIG.3B:absoluteIFITMIlevelsas 

determinedbyELISAFIG.3C:absoluteIFITMSlevelsasdeterminedbyELISAFIG.3D:relative 

35 IFITMIexpressionasdeterminedbyWesternBlot(unmodified= 1);FIG.3E:relativeIFITMS 

expressionasdeterminedbyWesternBlot(unmodified=1), 

BRIEFDESCRIPTIONOFDRAWINGS
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FIG.3FshowsIFITMSproteinexpressioninengineeredMSCat24haftertransfection.  

MSCweretransfectedwithnon-viralvectorthenmaintainedat37CCinahumidifiedincubator 

containing5%002for24h.Cellswereharvestedandassessmentofproteinlevelsintotalcell 

lysateshowedoverexpressionofIFITMSproteinlevelscomparedtounmodifiedcells.Detection 

5 ofproteinexpressionwasperformedusingtheJessTMproteindetectiondevice(ProteinSimple, 

Biotechne)forautomationofproteinseparationandimmunodetection.AntibodiesIFITMS 

(D8E8G)XPRabbitmouseantibodyfromCellSignaling(Cat#59212)and~-actinantibodyfrom 

R&DSystems(Cat#937215)wereusedtodetectproteinexpression.  

FIG.4showstheinhibitioneffectofconditionedmediafrompolyICpreconditionedMSC 

10 onpseudovirusSARS-COV2entryintoprimaryepithelialcells 

FIGs.5Aand5BshowderivedconditionedmediaforcandidateI(IFITMI-Angptl)and 

candidate2(IFITMS-Angptl)usingresearch-gradetransfectionprotocolwith48hrconditioned 

media(FIG.5A),andscale-uptransfection/manufacturingprotocols(FIG.5B); 

FIG.5CshowsthattheinhibitoryeffectconditionedmediaofengineeredMSC(candidate 

15 2)onSARS-CoV-2viralentryisabolishedbyincreasingconcentrationsofIFITM3blocking 

antibodies.EngineeredMSCswereseededandculturedfor48hrtoharvestconditionedmedia 

(CM).TheIFTIMSmonoclonalantibody(Abnova/ThermoFisherScientificclone4C8-1BI0)was 

seriallydilutedfrom250to2000-fold(0.25to2pg)beforebeingaddedtotheCMfromengineered 

MSCswhichwerelateraddedtohumanalveolarepithelialcellsforIdaypriortobeingexposed 

20 topseudovirusSARS-CoV-2(baculovirusespseudotypedwithSpikeproteinswithafluorescent 

reporterthatexpressesbrightgreenfluorescenceinthehostcellnucleus).After24hrexposure 

topseudovirusSARS-CoV-2,epithelialcellswereanalyzedbyflowcytometry(Attuneacoustic 

cellswhichreflectsthenumberofpseudovirusthathadenteredthecells.  

25 FIGs.6A-CshowthatengineeredMSCprotectsmicefromsevereoutcomestwodays 

afterinfluenzaAvirus(lAy)infection.Inthisstudyeighttoten-week-oldC57BL/6Nmicewere 

purchasedfromCharlesRiverLaboratories(SaintConstantQCCanada).Animalswerehoused 

accordingtoCanadianCouncilonAnimalCare(CCAC)guidelines.Astandardchowdietwas 

providedwithinthehopperofthecageandwaterwasprovidedadlibitum.Animalswerehoused 

30 ina200C-230Ctemperature-controlledroomwitha12-hourlight,12-hourdarkcycleand40%

60%humidity.Brieflymicereceived1000PFUofinfluenzaAstrainHINI:AIFM/1/47-MAvirus 

intranasally.AtdaytwoaftervirusinoculationmiceweretreatedwithvehicleorengineeredMSCs 

(candidate2,engineeredwithANGF'TIandIFITM3).Miceweremonitoreddailyforsurvival(FIG.  

6A),bodyweight(FIG.6B)andsicknessscore(FIG.6C)until7daysaftervirusinfection.Animal 

35 sicknessscore(FIG.6C)representsscoringbasedonphysicalappearanceincludingfacial 

grimacehunchpiloerectedhairhydrationrespirationrateandrespirationqualityaswellas 

focusingcytometerThermoFisherScientific)toassessthepercentageoffluorescentpositive
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behaviorsincludinglevelofconsciousnessactivityandresponsetostimulus.Scorerangesfrom 

0to307withhigherscoreindicatesthedeterioratingconditionofthemice.  

FIGs.7A-CshowthatengineeredMSOprotectsmicefromsevereoutcomesoneday 

afterIAVinfection.ThestudywasperformedasdescribedaboveforFIGs.6A-Cexceptthat1) 

5 themiceweretreatedwithvehicleorengineeredMSOs(candidate2)atdayoneaftervirus 

inoculation,2)survivalwasassesseduntilday9and3)weightlossandsicknessscorewere 

assesseduntilday10.Miceweremonitoreddailyforsurvival(FIG.7A),bodyweight(FIG.7B) 

andsicknessscore(FIG.7C).Animalsicknessscore(FIG.7C)representsscoringbasedon 

physicalappearanceincludingfacialgrimacehunchpiloerectedhairhydrationrespirationrate 

10 andrespirationqualityaswellasbehaviorsincludinglevelofconsciousnessactivityand 

responsetostimulus.Scorerangesfrom0to30,withhigherscoreindicatesthedeteriorating 

conditionofthemice.  

FIGs.BA-Cshowsthenativenucleotidesequence(FIG.BASEQIDNO:1),codon

optimizednucleotidesequence(FIG.BBSEQIDNO:2),andaminoacidsequence(FIG.BC, 

15 SEQIDNO:3)ofIFITMI 

FIG.9showsthenativenucleotidesequence(FIG.9ASEQIDNO:4),codon-optimized 

nucleotidesequence(FIG.9B7 SEQIDNO:5),andaminoacidsequence(FIG.9CSEQIDNO:6) 

ofIFITM3, and 

FIG.10showsthenativenucleotidesequence(FIG.IOASEQIDNO:7),codon

20 optimizednucleotidesequence(FIG.lOBSEQIDNO:8),andaminoacidsequence(FIG.IOC, 

SEQIDNO:9)ofANGPTI.  

DETAILEDDISCLOSURE 

disclosuretospecificembodimentsdescribedmaybeunderstoodinconjunctionwiththe 

25 accompanyingfiguresincorporatedhereinbyreference.  

Unlessotherwisedefinedalltechnicalandscientifictermsusedhereinhavethesame 

meaningascommonlyunderstoodbyoneofordinaryskillinthearttowhichthistechnology 

belongs(e.g.,instemcellbiologycelltherapygenetherapycellculturemoleculargenetics, 

immunologyimmunohistochemistryproteinchemistryandbiochemistry).  

30 Incaseofconflictthepresentapplicationincludingdefinitionswillcontrol.  

TheuseofthetermsI!aII and"anI, and"the"andsimilarreferentsinthecontextof 

describingthetechnology(especiallyinthecontextofthefollowingclaims)aretobeconstrued 

tocoverboththesingularandthepluralunlessotherwiseindicatedhereinorclearlycontradicted 

bycontext.  

35 Thetermscomprising'', ''having, ''including'',and''containing''aretobeconstruedas 

open-endedterms(i.e.,meaning"includingbutnotlimitedto")unlessotherwisenoted.  

ThefollowingDetailedDescriptiongivenbywayofexamplebutnotintendedtolimitthe
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Allmethodsdescribedhereincanbeperformedinanysuitableorderunlessotherwise 

indicatedhereinorotherwiseclearlycontradictedbycontext.  

Theuseofanyandallexamplesorexemplarylanguage("e.g.', Isuchas")provided 

hereinisintendedmerelytobetterillustrateembodimentsoftheclaimedtechnologyanddoes 

5 notposealimitationonthescopeunlessotherwiseclaimed.  

Nolanguageinthespecificationshouldbeconstruedasindicatinganynon-claimed 

elementasessentialtothepracticeofembodimentsoftheclaimedtechnology.  
I 

Hereintheterm'about"hasitsordinarymeaning.Thetermabout"isusedtoindicate 
thatavalueincludesaninherentvariationoferrorforthedeviceorthemethodbeingemployed 

10 todeterminethevalueorencompassvaluesclosetotherecitedvaluesforexamplewithin10% 

oftherecitedvalues(orrangeofvalues).  

Recitationofrangesofvalueshereinaremerelyintendedtoserveasashorthand 

methodofreferringindividuallytoeachseparatevaluefallingwithintherangeunlessotherwise 

indicatedhereinandeachseparatevalueisincorporatedintothespecificationasifitwere 

15 individuallyrecitedherein.Allsubsetsofvalueswithintherangesarealsoincorporatedintothe 

specificationasiftheywereindividuallyrecitedherein.  

WherefeaturesoraspectsofthedisclosurearedescribedintermsofMarkushgroups 

orlistofalternativesthoseskilledintheartwillrecognizethatthedisclosureisalsothereby 

describedintermsofanyindividualmemberorsubgroupofmembersoftheMarkushgroupor 

20 listofalternatives.  

Unlessotherwiseindicatedtherecombinantproteincellcultureandimmunological 

techniquesutilizedinthepresentdisclosurearestandardprocedureswellknowntothoseskilled 

asJ.PerbalAPracticalGuidetoMolecularCloningJohnWileyandSons(1984),J.Sambrook 

25 etal.,MolecularCloning:ALaboratoryManualColdSpringHarbourLaboratoryPress(1989),T.  

A.Brown(editor),EssentialMolecularBiology:APracticalApproachVolumesIand2,IRLPress 

(1991),D.M.GloverandB.D.Hames(editors),DNACloning:APracticalApproachVolumes1

4,IRLPress(1995and1996),andF.M.Ausubeletal.(editors),CurrentProtocolsinMolecular 

BiologyGreenePub.AssociatesandWiley-lnterscience(1988,includingallupdatesuntil 

30 present),EdHarlowandDavidLane(editors)Antibodies:ALaboratoryManualColdSpring 

HarbourLaboratory,(1988),andJ.E.Coliganetal.(editors)CurrentProtocolsinImmunology, 

JohnWiley&Sons(includingallupdatesuntilpresent).  

A"carrier,, excipient,"oradjuvant"referstoanycomponentofapharmaceutical 

compositionthatisnotanactiveingredient.  

35 A"subject"isavertebrateincludinganymemberoftheclassmammaliaincluding 

humansdomesticandfarmanimalsandzoosportsorpetanimalssuchasmouserabbitpig, 

sheepgoatcattleandhigherprimates.  

intheart.Suchtechniquesaredescribedandexplainedthroughouttheliteratureinsourcessuch
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Inthestudiesdescribedhereinthepreparationofmesenchymalstemcells(MSCs)that 

aregeneticallyengineeredtooverexpresscertainproteinsofinterestisdescribed.More 

specificallyMSOsgeneticallyengineeredtooverexpressANGPTIandanIFITMprotein(IFITMI 

orIFITMS),wereshowntoprotectepithelialcellsfromSARS-CoV-2pseudovirusentryandto 

5 reducediseaseseverityandimprovesurvivalinaninfluenzaAHINIvirus-inducedARDSmurine 

model.TheresultsprovideevidencethatMSCsgeneticallyengineeredtooverexpressANGPTI 

andanIFITMproteinmaybeusefulforthepreventionortreatmentofviraldiseasessuchas 

OOVID-19orfluinhumans.  

InafirstaspectthepresentdisclosurerelatestoanMSCthatisgeneticallyengineered 

10 tooverexpressanANGPTIpolypeptideandanIFITMpolypeptidesuchasanIFITMIorIFITM3 

polypeptide.  

MSCsengineeredtooverexpressgenecanbeusedtoenhancemodulatoryeffectson 

hostimmuneresponseandtargetdiseasepathophysiology.Geneticengineeringofdesirable 

immunomodulatingcellslikeMSCsrepresentsapromisingstrategywithmanyadvantages, 

15 sincecellscanbetransfectedexvivoincultureaffordingagreaterabilitytocontrolconditions 

andmaximizeefficacy(15).ThiseffortinvolvestheisolationandcultureofallogeneicMSOs(from 

anunrelatedhealthydonor),whichcanbebankedinlargenumberswhiletheimmuneprivileged 

natureofMSOsallowsthesecellstobetransplantedtounrelatedrecipientswithoutHuman 

LeukocyteAntigensmatching(16).TheseMSCsarethentransfected(genetransfer)witha 

20 therapeutictransgenebeforebeinginjectedintothevenouscirculationandcarriedtositesof 

inflammationwherethegeneproductatherapeuticproteinisexpressedand/orreleased.  

Geneticallyengineeredcell-basedstrategyissuperiortounmodifiedcellsasthebeneficial 

deliveredtothesiteofinjury(he.,thelung).  

25 Anallogeneicgeneticallyengineeredoff-the-shelfMSCproducthasthepotentialtobe 

administeredtoandtreatcriticallyillpatientsinordertomitigatedamageandpromoterepairin 

lungsorevenmultipleorgans(consequenceofARDSorsepsis).Theoverexpressionofdouble 

genesisaninnovativeapproachthathasaselectiveadvantagetohelppatientstoengagespecific 

hostimmuneresponsesagainstthevirusinfection.Duetomultifactorialeffectsofthegenetically 

30 engineeredMSCitisbelievedthattheantiviralresponsewillbeaccompaniedbyfasterrecovery 

oforganinjurycausedbySARS-OOV-2.AplasmidwithdualCMVpromoterswasusedhereto 

expressbothAngptlandIFITM(IFITMIorIFITMS)genes(FIGs.2A-2B).  

ANGPTIisaproteinof498aminoacidsinhuman(UniProtKBaccessionnumber 

Q15389,FIG.IOC)thatincludesanamino-terminalsignalpeptideof15aminoacids.Itcomprises 

35 asuperclusteringdomainencompassingresidues81-I19andacentralcoileddomain 

encompassingresidues153-261thatareinvolvedinANGPTIoligomerizationandaFibrinogen 

C-terminaldomainencompassingresidues277-497thatisinvolvedinthebindingtoitstarget 

effectsofMSOscanbeenhancedbyintroducingdifferenttherapeuticproteinsthatcanbedirectly
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receptor.ThissecretedglycoproteinbindsandactivatestheTEK/TIE2receptortyrosinekinase 

(0D202B),expressedalmostexclusivelyinendothelialcellsbyinducingitsdimerizationand 

tyrosinephosphorylation.MutationofpositionI19(Al19S)hasbeenshowntoreducebinding 

capabilitytoitsreceptor.Mutationofposition249(K249R)hasbeendetectedinsubjectswith 

5 primarycongenitalglaucoma(POG)(associatedwithadefectinANGPT/TEKsignaling)andis 

believedtoreduceitsbiologicalactivity.DeletionofthefiveC-terminalaminoacids(R494*)is 

predictedtodestabilizetheprotein(Thomsonetal JClinInvest2017Dec1 127(12):4421

4436).Largescaleproteinproductionischallengingduetoaggregationandinsolubilityofthe 

proteinandrecombinantANGPTIproteinhasashorthalf-lifeinvivo(21),whichlimitthe 

10 possibilityofusingrecombinantANGPTIfortherapeuticapplications.Suchlimitationsmaybe 

overcomebytheoverexpressionofANGPTIinMSOsaccordingtothepresentdisclosure.  

TheIFITMproteinswereidentifiedmorethan25yearsagoandseveralIFITM 

orthologousgenespseudogeneswereobservedingenomesequencesofreptileamphibious, 

birdsandmammals.Inhumans7 fivehumanIFITMgeneshavebeenidentified(IFITMIIFITM2, 

15 IFIT3,IFIM5,IFITMIO)(22).IFITMIIFITM2andIFITM3proteinsareexpressedbasallyinmost 

ofcelltypesbutthisexpressioncanbeinducedbyvirusinfectionand/orIFNtypeIandTypeII 

(23,24).DistinctIFITMfunctionshavebeendescribedsuchasbonemineralizationgermcell 

andembryonicdevelopmenttumorsuppressionandimmunefunctions.Thelocalizationof 

IFITMIexpressionhasbeendescribedtobeslightlydifferentfromIFITM2andIFITMS.IFITMI 

20 expressionwasdemonstratedatthecellsurfaceandinvesicularcompartmentdifferentfromthat 

occupiedbyIFITM-2or-3.  

HumanIFITMI(UniProtKB- P13164)isaproteinof125aminoacidsthatcomprisestwo 

onetransmembranedomain(residues87-107)andoneextracellulardomain(residues108-125).  

25 Themembraneproximalcysteineresiduesatposition50,51and84maybepalmitoylatedwhich 

controlsclusteringinmembranecompartments.  

HumanIFITM3(UniProtKB- Q01628)isaproteinof133aminoacidsthatcomprises 

twocytoplasmicdomains(residues1-57and79-107),oneintramembranedomain(residues58

78),onetransmembranedomain(residues108-128)andoneextracellulardomain(residues129

30 133).Themembraneproximalcysteineresiduesatposition71, 72andI05maybepalmitoylated, 

whichcontrolsclusteringinmembranecompartments.Thelysineresiduesatpositions24 

(mainly),83,88and104maybeubiquitinatedwhichnegativelyaffectsIFITM3'sactivity.  

Thetermoverexpress7, asusedhereinmeansthatthelevelofexpressionofANGPT1 

and/ortheIFITMproteininthegenetically-engineeredMSCishigherthanthelevelofexpression 

35 ofANGPTIand/ortheIFITMproteininacorrespondingMSCthatdoesnotcomprisethegenetic 

modification(s).InanembodimentthelevelofexpressionofANGPT1and/ortheIFITMprotein 

inthegenetically-engineeredMSCisatleast20%7 50%,100%(2-fold),200%(3-fold),300%(4

cytoplasmicdomains(residues1-36and58-86),oneintramembranedomain(residues37-57),
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fold),400%(5-fold),900%(10-fold),20-fold,50-foldor100-foldhigherthanthelevelofexpression 

ofANGPTIand/ortheIFITMproteininacorrespondingMSCthatdoesnotcomprisethegenetic 

modification.  

InanembodimenttheoverexpressionoftheANGPTIproteinand/ortheIFITMprotein 

5 isachievedbyincreasingtheexpressionoftheendogenousANGPTIgeneand/ortheIFITM 

geneintheMSC.Thismaybeachievedforexamplebyintroducingsuitablepromoter(s)and/or 

transcriptionalregulatory(e.g.,enhancer)sequencesintranscriptionalrelationshipwith(he., 

operably-linkedto)theendogenousANGPTIgeneand/oroftheIFITMgene.Alternativelythis 

maybeachievedbyexcising/inactivatingatranscriptionalrepressorsequencethatinhibitsthe 

10 expressionoftheendogenousANGPTIgeneand/oroftheIFITMgene.Introductionof 

promoter(s)and/ortranscriptionalregulatory(e.g.,enhancer)sequencesandexcision/inactivation 

oftranscriptionalrepressorsequencestoinduceoverexpressionofendogenousgenesinthe 

MSOmaybeachievedusinggenomeeditingtechniques.Genomeeditingtechniquescanmodify 

geneexpressioninatargetcellbyinsertingreplacingorremovingDNAinthegenomeusingan 

15 artificiallyengineerednuclease.Examplesofsuchnucleasesmayincludezincfingernucleases 

(ZPNs)(Gommansetal.,J~MolBiol,354(3):507-519(2005)),transcriptionactivator-likeeffector 

nucleases(TALENs)(ZhangetaLNatureBiotechnol,29:149-153(2011)),theCRISPR/Cas 

system(Ohengetal.,CellRes.,23:1163-71](2013)),andengineeredmeganucleases(Riviere 

etaLGeneTher,21(5):529-32(2014)).Thenucleasescreatespecificdouble-strandedbreaks 

20 (DSBs)attargetedlocationsinthegenomeanduseendogenousmechanismsinthecelltorepair 

theinducedbreakbyhomologousrecombination(HR)andnonhomologousend-joining(NHEJ).  

SuchtechniquesmaybeusedtoachieveoverexpressionofendogenousANGPTIand/orIFITM 

Afirstnucleicacidsequenceis"operably-linked"withasecondnucleicacidsequence 

25 whenthefirstnucleicacidsequenceisplacedinafunctionalrelationshipwiththesecondnucleic 

acidsequence.Forinstanceapromoterisoperably-linkedtoacodingsequenceifthepromoter 

affectsthetranscriptionorexpressionofthecodingsequence.Generallyoperably-linkedDNA 

sequencesarecontiguousandwherenecessarytojointwoproteincodingregionsinreading 

frame.Howeversinceforexampleenhancersgenerallyfunctionwhenseparatedfromthe 

30 promotersbyseveralkilobasesandintronicsequencesmaybeofvariablelengthssomenucleic 

acidsmaybeoperably-linkedbutnotcontiguous."TranscriptionalregulatorysequencesII or 

"transcriptionalregulatoryelements"aregenerictermsthatrefertoDNAsequencessuchas 

initiationandterminationsignalsenhancersandpromoterssplicingsignalspolyadenylation 

signalsetcwhichinduceorcontroltranscriptionofproteincodingsequenceswithwhichthey 

35 areoperably-linked.  

InanotherembodimenttheoverexpressionoftheANGPTIproteinand/ortheIFITM 
N proteinisachievedbyinducingtheexpressionofarecombinant(i.e exogenous)ANGPTI 

genesintheMSOs.
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polypeptideand/orarecombinantIFITMpolypeptideintheMSC.Thusinanotheraspectthe 

presentdisclosurerelatestoagenetically-engineeredMSCcomprisingoroverexpressinga 

recombinant(Le.,exogenous)ANGPTI polypeptide.Inanembodimentthegenetically

engineeredMSCfurthercomprisesoroverexpressesarecombinant(he.,exogenous)IFITM 

5 polypeptidesuchasarecombinantIFITMIorIFITM3polypeptide.  

Thetermrecombinant"meansthatsomethinghasbeenrecombinedsothatwhenmade 

inreferencetoanucleicacidthetermreferstoamoleculethatiscomprisedofnucleicacid 

sequencesthatarejoinedtogetherorproducedbymeansofmolecularbiologicaltechniques.The 

termrecombinant"whenmadeinreferencetoaproteinorapolypeptidereferstoaproteinor 

10 polypeptidemoleculethatisnotsynthesizedfromthenativegenomeofthecelle.g.,whichis 

expressedfromarecombinantnucleicacidconstructcreatedbymeansofmolecularbiological 

techniques(whetherornotthissyntheticnucleicacidconstructisintegratedinthegenomeofthe 

cell).Recombinantnucleicacidconstructsmayincludeanucleotidesequencewhichisligatedto, 

orismanipulatedtobecomeligatedtoanucleicacidsequencetowhichitisnotligatedinnature, 

15 ortowhichitisligatedatadifferentlocationinnature.Referringtoanucleicacidconstructas 

recombinant"thereforeindicatesthatthenucleicacidmoleculehasbeenmanipulatedusing 
N geneticengineeringi.e.,byhumanintervention.Recombinantnucleicacidconstructsmayfor 

examplebeintroducedintoahostcellbytransformation(e.g.,transductionortransfection).Such 

recombinantnucleicacidconstructsmayincludesequencesderivedfromthesamehostcell 

20 speciesorfromdifferenthostcellspecieswhichhavebeenisolatedandreintroducedintocells 

ofthehostspecies.Recombinantnucleicacidconstructsequencesmaybecomeintegratedinto 

ahostcellgenomeeitherasaresultoftheoriginaltransformationofthehostcellsorasthe 

Inanembodimenttherecombinant(LeNexogenous)ANGPTIpolypeptidecomprises 

25 orconsistsofasequencethatisatleast50,60,or70%identicaltotheaminoacidsequenceof 

maturenativehumanANGPTIdepictedinFIG.IOC(residues16-498)andthatexhibitsthe 

biologicalactivityofnativehumanANGPTI, e.g.,theabilitytobindandactivatetheTEK/TIE2 

receptor.Inembodimentstherecombinant(Le.,exogenous)ANGPTIpolypeptidecomprisesor 

consistsofasequencethatisatleast75%,80%,85%90%,95%,96%,97%,98%or99% 

30 identicaltotheaminoacidsequenceofmaturenativehumanANGPTIdepictedinFIG.IOC 

(residues16-498)andthatexhibitsthebiologicalactivityofnativehumanANGPTI.Inan 

embodimenttherecombinant(Le.,exogenous)ANGPTIpolypeptidecomprisesorconsistsofa 

sequencethatisatleast70%identicaltotheaminoacidsequenceoffull-lengthnativehuman 

ANGPTIdepictedinFIG.IOC(residues1-498)andthatexhibitsthebiologicalactivityofnative 

35 humanANGPTI.Inembodimentstherecombinant(he. exogenous)ANGPTIpolypeptide 

comprisesorconsistsofasequencethatisatleast75%,80%,85%,90%,95%,96%,97%98% 

resultofsubsequentrecombinationand/orrepairevents.
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or99%identicaltotheaminoacidsequenceoffull-lengthnativehumanANGPTIdepictedinFIG.  

bc(residues1-498)andthatexhibitsthebiologicalactivityofnativehumanANGPTI.  

Thustherecombinant(he.,exogenous)ANGPTIpolypeptidemaybethenativehuman 

ANGPTIprotein(full-lengthormatureform)orabiologicallyactivevariantthereofcomprising 

5 aminoaciddeletionssubstitutionsand/oradditionsthatdonotsignificantlyinterferewiththe 

biologicalactivity.Inanembodimentthevariantexhibitsabiologicalactivitythatisatleast70%, 

75%, 80%,85%,90%, 95%or100%ofthatofnativehumanANGPTI. Inanembodimentthe 

variantdoesnotcompriseamutationinaregioninvolvedinANGPTIoligomerizationforexample 

amutationinthesuperclusteringdomain(residues81-119)orthecentralcoileddomain(residues 

10 153-261).Inanotherembodimentthevariantdoesnotcompriseamutationinthefibrinogen0

terminaldomain(residues277-497).Infurtherembodimentsthevariantdoesnotcomprisea 

mutationofpositionI19(e.g.,Al19S)and/orposition249(e.g.,K249R).Inanotherembodiment, 

thevariantdoesnotcompriseadeletionofthefive0-terminalaminoacids.  

Inanembodimenttherecombinant(he.,exogenous)IFITMIpolypeptidecomprisesor 

15 consistsofasequencethatisatleast50,60,or70%identicaltotheaminoacidsequenceof 

nativehumanIFITMIdepictedinFIG.BCandthatexhibitsthebiologicalactivityofnativehuman 

IFITMI.Inembodimentstherecombinant(Le.,exogenous)IFITMIpolypeptidecomprisesor 

consistsofasequencethatisatleast75%,80%,85%90%,95%,96%,97%,98%or99% 

identicaltotheaminoacidsequenceofnativehumanIFITMIdepictedinFIG.BCandthatexhibits 

20 thebiologicalactivityofnativehumanIFITMI.  

Thustherecombinant(he.,exogenous)IFITMIpolypeptidemaybethenativehuman 

IFITMIprotein(full-length)orabiologicallyactivevariantthereofcomprisingaminoaciddeletions, 

embodimentthevariantexhibitsabiologicalactivitythatisatleast70%,75%,80%,85%,90%, 

25 95%orI00%ofthatofnativehumanIFITMI. Inanembodimentthevariantdoesnotcomprise 

amutationinoneormoreofthecysteineresiduesinvolvedinpalmitoylationofIFITMIe.g., 

residues50,51and/or84.  

Inanembodimenttherecombinant(he.,exogenous)IFITM3polypeptidecomprisesor 

consistsofasequencethatisatleast50,60,or70%identicaltotheaminoacidsequenceof 

30 nativehumanIFITMSdepictedinFIG.9Candthatexhibitsthebiologicalactivityofnativehuman 

IFITMS.Inembodimentstherecombinant(Le.,exogenous)IFITMSpolypeptidecomprisesor 

consistsofasequencethatisatleast75%,80%,85%90%,95%,96%,97%,98%or99% 

identicaltotheaminoacidsequenceofnativehumanIFITM3depictedinFIG.9Candthatexhibits 

thebiologicalactivityofnativehumanIFITMS.  

35 Thustherecombinant(Le.,exogenous)IFITMSpolypeptidemaybethenativehuman 

IFITM3protein(full-length)orabiologicallyactivevariantthereofcomprisingaminoaciddeletions, 

substitutionsand/oradditionsthatdonotsignificantlyinterferewiththebiologicalactivity.Inan 

substitutionsand/oradditionsthatdonotsignificantlyinterferewiththebiologicalactivity.Inan
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embodimentthevariantexhibitsabiologicalactivitythatisatleast70%,75%,80%,85%,90%, 

95%orI00%ofthatofnativehumanIFITMS.Inanembodimentthevariantdoesnotcomprise 

amutationinoneormoreofthecysteineresiduesinvolvedinpalmitoylationofIFITMIe.g., 

residues71,72and/or105.Inanotherembodimentthevariantcomprisesamutationatoneor 

5 moreoftheresiduesthatareubiquitinatede.g.,residues24,83,88and/or104.  

InanembodimenttheMSCistransformedortransfectedbyarecombinantnucleicacid 

encodingtherecombinant(EKe.,exogenous)ANGPTIpolypeptide.Thusinanotheraspectthe 

presentdisclosurerelatestoagenetically-engineeredMSOcomprisingarecombinant(La, 

exogenous)nucleicacidencodinganANGPTIpolypeptide.  

10 Asusedherein"nucleicacid"shallmeananynucleicacidmoleculeincludingwithout 
" 

limitationDNARNAandhybridsormodifiedvariantsthereofAn"exogenousorrecombinant" 
nucleicacidrelatestoanynucleicacidintroducedintothecellwhichisnotacomponentofthe 

cells"original"ornatural"genome.Exogenousnucleicacidsmaybeintegratedornon-integrated, 

orrelatetostablytransfectednucleicacids.  

15 TherecombinantnucleicacidmaybeaDNAormRNAmoleculecomprisinganucleotide 

sequenceencodingtherecombinant(Le.,exogenous)ANGPTI polypeptideand/orthe 

recombinantIFITMpolypeptide.Methodsforintroducingrecombinantnucleicacidsintocellare 

wellknownintheart.Examplesofsuchmethodsincludebutarenotlimitedtotheuseofalipid, 

proteinparticleorothermoleculecapableoffacilitatingcelltransformationwiththenucleicacid, 

20 electroporation.HoweveranMSOalsocanbecontactedwithanucleicacidencodingthe 

ANGPTIpolypeptideand/ortheIFITMpolypeptideffl BvIvosuchasbywayofagenegunfor 

example.  

nucleotidesequencethatisatleast70%identicaltothenucleotidesequenceencodingthemature 

25 full-lengthhumanANGPTIdepictedinFIG.IOA.Inembodimentstherecombinantnucleicacid 

comprisesanucleotidesequencethatisatleast75%,80%,85%,90%,95%,96%,97%98%or 

99%identicaltothenucleotidesequenceencodingthefull-lengthmatureformofhumanANGPTI 

depictedinFIG.IOA.  

InanembodimentthenucleicacidencodingANGPTIcomprisesacodon-optimized 

30 nucleotidesequenceencodinghumanANGPTIforexamplethecodon-optimizedsequence 

depictedinFIG.lOB.Withoutbeingboundtoanyparticulartheoryormechanismitisbelieved 

thatcodonoptimizationofthenucleotidesequenceincreasesthetranslationefficiencyofthe 

mRNAtranscripts.Codonoptimizationofthenucleotidesequencemayinvolvesubstitutinga 

nativecodonforanothercodonthatencodesthesameaminoacidbutcanbetranslatedbytRNA 

35 thatismorereadilyavailablewithinacellthusincreasingtranslationefficiency.Optimizationof 

thenucleotidesequencemayalsoreducesecondarymRNAstructuresthatwouldinterferewith 

translationthusincreasingtranslationefficiency.Methodstoolsplatformsandservicesto 

InanembodimenttherecombinantnucleicacidencodingANGPTIcomprisesa
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synthesizecodon-optimizednucleicacidsarewellknownintheartsuchastheOptimumGene T M 

platformfromGenScripttheCodonOptimizationToolfromIntegratedDNATechnologiesthe 

GeneOptimizerT M platformfromThermoFisherScientificOPTIMIZERfromtheNOBI(Nucleic 

AcidsRes.2007Jul;35(WebServerissue):W126-WISI),CodonOptimizationOnLine(COOL) 

5 (BioinformaticsVolume30,Issue15,1August2014,Pages2210-2212),andthelike.  

InanembodimenttherecombinantnucleicacidencodingIFITMIcomprisesa 

nucleotidesequencethatisatleast70%identicaltothenucleotidesequenceencodingthefull

lengthhumanIFITMIdepictedinFIG.BA.Inembodimentstherecombinantnucleicacid 

comprisesanucleotidesequencethatisatleast75%,80%,85%,90%,95%,96%,97%98%or 

10 99%identicaltothenucleotidesequenceencodingthefull-lengthofhumanIFITMIdepictedin 

FIG.BA.InanembodimentthenucleicacidencodingIFITMIcomprisesacodon-optimized 

nucleotidesequenceencodinghumanIFITMIforexamplethecodon-optimizedsequence 

depictedinFIG.BB.  

InanembodimenttherecombinantnucleicacidencodingIFITMScomprisesa 

15 nucleotidesequencethatisatleast70%identicaltothenucleotidesequenceencodingthefull

lengthhumanIFITMSdepictedinFIG.9A.Inembodimentstherecombinantnucleicacid 

comprisesanucleotidesequencethatisatleast75%,80%,85%,90%,95%,96%,97%98%or 

99%identicaltothenucleotidesequenceencodingthefull-lengthofhumanIFITM3depictedin 

FIG.9A.InanembodimentthenucleicacidencodingIFITMScomprisesacodon-optimized 

20 nucleotidesequenceencodinghumanIFITM3,forexamplethecodon-optimizedsequence 

depictedinFIG.9B.  

TherecombinantnucleicacidmaybeacDNAormRNAmolecule.  

recombinantexpressionvectororplasmid.Thusinanotheraspectthepresentdisclosurerelates 

25 toagenetically-engineeredMSCcomprisingarecombinantexpressionvectorcomprisingthe 

nucleicacidencodinganANGPTIpolypeptideasdescribedherein.Inanembodimentthe 

genetically-engineeredMSCfurthercomprisesarecombinantexpressionvectorcomprisingthe 

nucleicacidencodinganIFITMpolypeptideasdescribedherein.Inanembodimentthenucleic 

acidsencodingANGPTIandtheIFITMpolypeptidearepresentindifferentrecombinant 

30 expressionvectors.InanotherembodimentthenucleicacidsencodingANGPTIandtheIFITM 

polypeptidearepresentinthesamerecombinantexpressionvector.  

Therecombinantexpressionvectororplasmidcanbeanysuitablerecombinant 

expressionvectororplasmidthatcontainsarecombinantnucleicacidasdescribedabove, 

SuitablevectorsincludethosedesignedforexpressionofageneofinterestinMOSswhichare 

35 wellknownintheart.Inanembodimenttherecombinantexpressionvectororplasmidisa 

miniplasmid.Miniplasmidsornanoplasmidsaresmall(~4kb)circularplasmidderivativesthat 

havebeenfreedfromallprokaryoticvectorparts(he.,theycontainnobacterialDNAsequences) 

Inanembodimenttherecombinantnucleicacidispresentinavectororplasmidi.e.a
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thatusedastransgenecarriersforthegeneticmodificationofmammaliancells.Miniplasmidsand 

usesthereofaredescribedforexampleinMinicircleandMiniplasmidDNAVectors:TheFuture 

ofNonviralandViralGeneTransferbyDr.MartinSchleef(editor),May2013,Wiley-Blackwell, 

258pages.  

5 Insomeembodimentstherecombinantexpressionvectorisaviralvector.Genetically 

modifiedviruseshavebeenwidelyappliedforthedeliveryofgenesintostemcellsincluding 

MSCs.PreferredviralvectorsforgeneticmodificationoftheMSCsdescribedhereinrelateto 

retroviralvectorsinparticulartogammaretroviralvectors.Thegammaretrovirus(sometimes 

referredtoasmammaliantypeCretroviruses)isasistergenustothelentivirusdadeandisa 

10 memberoftheOrthoretrovirinaesubfamilyoftheretrovirusfamily.TheMurineleukemiavirus 

(MLVorMuLV),theFelineleukemiavirus(FeLV),theXenotropicmurineleukemiavirus-related 

virus(XMRV)andtheGibbonapeleukemiavirus(GALV)aremembersofthegammaretrovirus 

genus.Askilledpersonisawareofthetechniquesrequiredforutilizationofgammaretroviruses 

ingeneticmodificationofMSCs.ForexamplethevectorsdescribedMaetzigetal.(Gamma 

15 retroviralvectors:biologytechnologyandapplication,2001 Viruses3(6):677-713)orsimilar 

vectorsmaybeemployed.ForexampletheMurineLeukemiaVirus(MLV),asimple 

gammaretroviruscanbeconvertedintoanefficientvehicleofgenetictherapeuticsinthecontext 

ofcreatinggammaretrovirus-modifiedMSOsandexpressionofatherapeutictransgenefromsaid 

MSCsafterdeliverytoasubject.Geneticallymodifiedviruseshavebeenwidelyappliedforthe 

20 deliveryofgenesintostemcells.AdenovirusesmaybeappliedorRNAvirusessuchas 

Lentivirusesorotherretroviruses.Adenoviruseshavebeenusedtogenerateaseriesofvectors 

forgenetransfercellularengineering.Theinitialgenerationofadenovirusvectorswereproduced 

capacity.AnadditionaldeletionofES(responsibleforhostimmuneresponse)allowedan8kb 

25 cloningcapacity.FurthergenerationshavebeenproducedencompassingE2and/orE4deletions.  

LentivirusesaremembersofRetroviridaefamilyofviruses(M.Scherretal.,CurrGeneTher 

2002Feb2(l):45-55).Lentivirusvectorsaregeneratedbydeletionoftheentireviralsequence 

withtheexceptionoftheLTRsandcisactingpackagingsignals.Theresultantvectorshavea 

cloningcapacityofabout8kb.Onedistinguishingfeatureofthesevectorsfromretroviralvectors 

30 istheirabilitytotransducedividingandnon-dividingcellsaswellasterminallydifferentiatedcells.  

Therecombinantexpressionvectororplasmidcancompriseregulatorysequencessuch 

astranscriptionandtranslationinitiationandterminationcodonswhicharespecifictothetypeof 

host(e.g.,ananimalsuchasahuman)intowhichthevectoristobeintroducedasappropriate, 

andtakingintoconsiderationwhetherthevectorisDNA-orRNA-based.Therecombinant 

35 expressionvectororplasmidcanincludeoneormoremarkergeneswhichallowforselectionof 

transformedortransfectedhosts.Markergenesincludebiocideresistancee.g.,resistanceto 

antibioticsheavymetalsetc.,complementationinanauxotrophichosttoprovideprototrophy, 

bydeletingtheElgene(requiredforviralreplication)generatingavectorwitha4kbcloning
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andthelikeSuitablemarkergenesfortherecombinantexpressionvectorsincludeforinstance, 

neomycinG418resistancegeneshygromycinresistancegenestetracyclineresistancegenes, 

andampicillinresistancegenesandthelike.Therecombinantexpressionvectororplasmidcan 

compriseanativeornormativepromoteroperablylinkedtothenucleicacidencodingANGPTI 

5 and/orIFITMpolypeptideandthatisfunctionalinMSCs.Theselectionofapromotere.g.,strong, 

weakinducibletissue-specificanddevelopmental-specificiswithintheordinaryskillofthe 

artisan.Similarlythecombiningofanucleotidesequencewithapromoterisalsowithintheskill 

oftheartisan.Thepromotercanbeanon-viralpromoteroraviralpromotere.g.,a 

cytomegalovirus(CMV)promoteran5V40promoteraRoussarcomavirus(RSV)promotera 

I0 promoterfoundinthelong-terminalrepeatofthemurinestemcellvirustheelongationfactorI 

(EFI)promoterthechicken~-actinpromoterthe~-actinpromoterfromotherspeciesthe 

elongationfactor-Ia(EFIa)promoterthephosphoglycerokinase(PGK)promoterthehuman 

serumalbumin(SA)promoterthea-Iantitrypsin(AAT)promoterthethyroxinebindingglobulin 

(TBG)promoterthecytochromeP4502E1(CYP2EI)promoteretc.Thevectorsmayalsoutilize 

15 combinationpromoterssuchasthechicken~-actin/OMVenhancer(CAG)promoterthehuman 

ormurineOMV-derivedenhancerelementscombinedwiththeelongationfactorIa(EFIa) 

promotersCpGfreeversionsofthehumanormurineCMV-derivedenhancerelementscombined 

withtheelongationfactorIa(EFIa)promotersthealbuminpromotercombinedwithana

fetoproteinMERIIenhanceretc.,orthediversityoftissuespecificorinduciblepromotersknow 

20 intheartsuchasthemusclespecificpromotersmusclecreatinekinase(MOK),and05-12orthe 

liver-specificpromoterapolipoproteinA-I(ApoAl).Theorientationofthevariousvector-encoded 

elementsmaybechangedrelativetoeachother.Thepromotermaycomprisevariousmotifsthat 

downstreampromoterelement(DPE)motifs(seee.g.,MartinezTranscription. , 3(6):295

25 299).InanembodimentthepromoterisaCMVpromoterforexampleapromotercomprisinga 

sequencehavingatleast70,75,80,85,90,95,96,97,9899or100%sequenceidentitywith 

thesequenceofSEQIDNO:IO.Inanembodimentthevectorfurthercomprisesatranscription 

enhancer.InafurtherembodimenttheenhancerisaCMVenhancerforexampleanenhancer 

comprisingasequencehavingatleast70,75,80,85,90,95,96,97,98,99or100%sequence 

30 identitywiththesequenceofSEQIDNO:II. Inafurtherembodimentthevectorcomprisesa 

CMVpromoter/enhancercombinationcomprisingasequencehavingatleast70,75,80,85,90, 

95,96,97,98,99or100%sequenceidentitywiththesequenceofSEQIDNO:12.  

LikewisethevectorscouldutilizeadiversityofpolyAsignalsknownintheartfor 

examplethebovinegrowthhormone,5V40earlyor5V40latepolyAsignals.  

35 Therecombinantexpressionvectorcanbedesignedforeithertransientexpressionfor 

stableexpressionorforboth.Alsotherecombinantexpressionvectorscanbemadefor 

constitutiveexpressionorforinducibleexpression.Thevectorsusefulinthecontextofthe 

enhancethebindingoftranscriptionfactorssuchasinitiator(INR),motiftenelement(MTE)and
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disclosurecanbe'Inaked"'nucleicacidvectors(i.e.,vectorshavinglittleornoproteinssugars, 

and/orlipidsencapsulatingthem),orvectorscomplexedwithothermolecules.Othermolecules 

thatcanbesuitablycombinedwiththevectorsincludewithoutlimitationviralcoatscationiclipids, 

liposomespolyaminesgoldparticlesandtargetingmoietiessuchasligandsreceptorsor 

5 antibodiesthattargetcellularmolecules.  

Anygivengenedeliverymethodisencompassedbythedisclosureandpreferablyrelates 

toviralornon-viralvectorsasdescribedaboveaswellasbiologicalorchemicalmethodsof 

transfection.Themethodscanyieldeitherstableortransientgeneexpressioninthesystemused.  

Non-viralmethodsincludeconventionalplasmidtransferandtheapplicationoftargetedgene 

I0 integrationthroughtheuseofgenomeeditingtechnologiesasdescribedabove.Theserepresent 

approachesforvectortransformationthathavetheadvantageofbeingbothefficientandoften 

site-specificintheirintegration.Physicalmethodstointroducevectorsintocellsareknowntoa 

skilledperson.Oneexamplerelatestoelectroporationwhichreliesontheuseofbriefhigh 

voltageelectricpulseswhichcreatetransientporesinthemembranebyovercomingits 

I5 capacitance.Oneadvantageofthismethodisthatitcanbeutilizedforbothstableandtransient 

geneexpressioninmostcelltypes.Alternativemethodsrelatetotheuseofliposomesprotein 

transductiondomainsorothersuitablereagentspromotingnucleicacidentryinacell.Appropriate 

methodsareknowntoaskilledpersonandarenotintendedaslimitingembodimentsofthe 

presentdisclosure.  

20 Mesenchymalstemcells(MSCsalsoreferredtoasmesenchymalstromalcells)arecells 

foundinbonemarrowblooddentalpulpcellsadiposetissueskinspleenpancreasbrain, 

kidneyliverheadretinabrainhairfolliclesintestinelunglymphnodethymusboneligament, 

germlinessuchasmesoderm endodermandectoderm.ThusMSCsarecapableof 

25 differentiatingintoalargenumberofcelltypesincludingbutnotlimitedtoadiposeosseous, 

cartilaginouselasticmuscularandfibrousconnectivetissues.Thespecificlineage-commitment 

anddifferentiationpathwayenteredintobyMSCsdependsuponvariousinfluencesincluding 

mechanicalinfluencesand/orendogenousbioactivefactorssuchasgrowthfactorscytokines, 

and/orlocalmicroenvironmentalconditionsestablishedbyhosttissues.MSCsarethusnon

30 hematopoieticprogenitorcellsthatdividetoyielddaughtercellsthatareeitherstemcellsorare 

precursorcellsthatintimewillirreversiblydifferentiatetoyieldaphenotypiccell.Examplesof 

MSCsincludemesenchymalprecursorcells(MPCs).  

MSCsareknowntoexhibitimmuneevasivepropertiesafteradministrationtoapatient.  

MSCshavebeenshowntoexhibitabeneficialimmunemodulatoryeffectincasesof 

35 transplantationofallogeneicdonormaterial(LeBlancetal.,Lancet2004:363,p.1439),thereby 

reducingapotentiallypathogenicalloreactivityandrejection.ThetherapeuticdeliveryofMSOs 

tendonskeletalmuscledermisandperiosteum.MSOarecapableofdifferentiatingintodifferent
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canbeperformedviasystemicinjectionfollowedbyMSChomingtoandengraftmentwithinsites 

ofinjury(KiddetalU, StemCells2009:27,p.2614).  

InsomeaspectstheMSOscanbeprogenycells(whichcanalsobereferredtoas 

expandedcells).Progenycellscanbeproducedfromtheinvitrocultureofstemcells.Expanded 

5 cellsofthedisclosuremayhaveawidevarietyofphenotypesdependingonthecultureconditions 

(includingthenumberand/ortypeofstimulatoryfactorsintheculturemedium),thenumberof 

passagesandthelike.Incertainembodimentstheprogenycellsareobtainedafterabout2, 

about3,about4about5,about6,about7about8,about9,orabout10passagesfromthe 

parentalpopulation.Howevertheprogenycellsmaybeobtainedafteranynumberofpassages 

10 fromtheparentalpopulation.Andtheprogenycellscanbeobtainedbyculturinginasuitable 

culturemedium.  

InoneembodimenttheprogenycellsaremultipotentialexpandedMSCprogeny 

(MEMPs)asdescribedinWO2006/032092.MethodsforpreparingenrichedpopulationsofMSO 

fromwhichprogenymaybederivedaredescribedinWO01/04268andWO2004/085630.Inan 

15 invitrocontextMSCswillrarelybepresentasanabsolutelypurepreparationandwillgenerally 

bepresentwithothercellsthataretissue-specificcommittedcells(TSOOs).WO01/04268refers 

toharvestingsuchcellsfrombonemarrowatpuritylevelsofabout0.1%to90%.Thepopulation 

comprisingMSOfromwhichprogenyarederivedmaybedirectlyharvestedfromatissuesource, 

oralternativelyitmaybeapopulationthathasalreadybeenexpandedexvivo.  

20 Forexampletheprogenymaybeobtainedfromaharvestedunexpandedpopulation 

ofsubstantiallypurifiedMSOcomprisingatleastabout0.1, I, 5,10,20,30,40,50,60,70,80or 

95%oftotalcellsofthepopulationinwhichtheyarepresent.Thislevelmaybeachievedfor 

MSCssuchas0D29,0D44,0D90CD49a-f,0D51, 0DB(SHS),0D105(SH2),0D106,0D166, 

25 andStro-1, and/ornegativeformarkerssuchas0D45,0D34,0D14orCDIIbOD79aor0D19 

andHLA-DR.  

Forexampletheprogenymaybeobtainedfromaharvestedunexpandedpopulation 

ofsubstantiallypurifiedMSOcomprisingatleastabout0.1, I, 5,10,20,30,40,50,60,70,80or 

95%oftotalcellsofthepopulationinwhichtheyarepresent.Thislevelmaybeachievedfor 

30 examplebyselectingforcellsthatarepositiveforatleastonemarkerselectedfrom0D29,0D44, 

0D90,OD49a-t0D51, 0DB(SHS),0D105(SH2),0D106,0D166,andStro-1.  

TheMSCstartingpopulationmaybederivedfromanyoneormoretissuetypessetout 

inWO01/04268orWO2004/085630,namelybonemarrowdentalpulpcellsadiposetissueand 

skinorperhapsmorebroadlyfromadiposetissueteethdentalpulpskinliverkidneyhead, 

35 retinabrainhairfolliclesintestinelungspleenlymphnodethymuspancreasboneligament, 

bonemarrowtendonandskeletalmuscle.  

examplebyselectingforcellsthatarepositiveforatleastonemarkertypicallyexpressedon
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MEMPScanbedistinguishedfromfreshlyharvestedMSCsinthattheyarepositivefor 

themarkerStro-1andnegativeforthemarkerAlkalinephosphatase(ALP).Incontrastfreshly 

isolatedMSOsarepositiveforbothStro-1andALP.Inapreferredembodimentofthepresent 

disclosureatleast15%,20%,30%, 40%,50%,60%,70%, 80%,90%or95%oftheadministered 

5 cellshavethephenotypeStro-1~ALP-.  

Referencetoacell"positive"(also"+")foragivenmarkermeansthatitmaybeeithera 

low(10ordim)orahigh(brightbri)expresserofthatmarkerdependingonthedegreetowhich 

themarkerispresentonthecellsurfacewherethetermsrelatetointensityoffluorescenceor 

othercolorusedinthecolorsortingprocessofthecells.Thedistinctionoflo(ordimordull)and 

I0 briwillbeunderstoodinthecontextofthemarkerusedonaparticularcellpopulationbeingsorted.  

Referencetoacellasbeing"negative"(or"-")foragivenmarkerdoesnotmeanthatthemarker 

isnotexpressedatallbythatcell.Itmeansthatthemarkerisexpressedatarelativelyverylow 

levelbythatcellandthatitgeneratesaverylowsignalwhendetectablylabeled.  

Inoneembodimentthecellsaretakenfromapatientwithaviraldisease(e.g.,COVID

15 19),orasubjectnotsufferingfromaviraldiseasegenetically-engineeredtooverexpress 

ANGPTIandanIFITMpolypeptideandoptionallyculturedinvitrousingstandardtechniques, 

andadministeredtoapatientinneedoftreatmentasanautologousorallogeneictransplant.In 

analternativeembodimentcellsofoneormoreoftheestablishedhumancelllinesareused.In 

anotherusefulembodimentofthedisclosurecellsofanon-humananimal(orifthepatientisnot 

20 ahumanfromanotherspecies)areused.  

Thepresenttechnologycanbepracticedusingcellsfromanynon-humananimal 

speciesincludingbutnotlimitedtonon-humanprimatecellsungulatecaninefelinelagomorph, 

butarenotlimitedtocellsofchimpanzeesbaboonscynomolgusmonkeysandanyotherNew 

25 orOldWorldmonkeys.Ungulatecellswithwhichthedisclosuremaybeperformedincludebut 

arenotlimitedtocellsofbovinesporcinesovinescaprinesequinesbuffaloandbison.Rodent 

cellswithwhichthedisclosuremaybeperformedincludebutarenotlimitedtomouseratguinea 

pighamsterandgerbilcells.Examplesoflagomorphspecieswithwhichthedisclosuremaybe 

performedincludedomesticatedrabbitsjackrabbitsharescottontailssnowshoerabbitsand 

30 pikas.Chickens(GaIIusgattus)areanexampleofanavianspecieswithwhichthedisclosure 

maybeperformed.  

MSCscanbestoredbeforeuse.Methodsandprotocolsforpreservingandstoringof 

eukaryoticcellsandinparticularmammaliancellsarewellknownintheart(seeforexample, 

PollardJ.W.andWalkerJ.M.(1997)BasicCellCultureProtocolsSecondEditionHumana 

35 PressTotowaN.J. FreshneyR.I.(2000)CultureofAnimalCellsFourthEditionWiley-Liss, 

HobokenN.J.).Anymethodmaintainingthebiologicalactivityoftheisolatedstemcellssuchas 

mesenchymalstem/progenitorcellsorprogenythereofmaybeutilizedinconnectionwiththe 

rodentavianandfishcells.Primatecellswithwhichthedisclosuremaybeperformedinclude
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presentdisclosure.Inonepreferredembodimentthecellsaremaintainedandstoredbyusing 

cryo-preservation.  

MSOscanbeobtainedusingavarietyoftechniques.Forexampleanumberofcell

sortingtechniquesbywhichcellsarephysicallyseparatedbyreferencetoapropertyassociated 

5 withthecell-antibodycomplexoralabelattachedtotheantibodycanbeused.Thislabelmay 

beamagneticparticleorafluorescentmolecule.Theantibodiesmaybecross-linkedsuchthat 

theyformaggregatesofmultiplecellswhichareseparablebytheirdensity.Alternativelythe 

antibodiesmaybeattachedtoastationarymatrixtowhichthedesiredcellsadhere.  

A"culturemedium"asusedhereinencompasses(a)bothaculturemediumthat 

10 containsthetypicalcomponentsusedforculturingaMSCsuchasaminoacidsglucoseand 

varioussaltswithorwithouttheMSOand(b)acompositionisolatedfromtheculturemedium, 

includingacompositioncomprisingcomponentsreleasedfromtheMSCduringtheculturing.The 

culturemediummaycontaincomponentsthataresolidliquidgaseousoramixtureofphases 

andmaterials.Culturemediumcomponentsincludebutarenotlimitedtoagaragarosegelatin 

I5 andcollagenmatrices.Culturemedium"includesmaterialthatisintendedforuseinacellculture, 

evenifithasnotyetbeencontactedwithcells.Forexampleanutrientrichliquidpreparedfor 

bacterialculturecanbeaculturemedium.  

InanembodimenttheMSCsarecontactedwithorexposedtooneormoreagentsduring 

orafterculture/expansion(andpriortoadministration/useinthesubject)toconferthemwitha 

20 desiredpropertye.g.,toinducetheexpression/secretionofanti-inflammatorymediatorsand/or 

toinhibittheexpression/secretionofpro-inflammatorymediators.ForexampleMSCsexposed 

tolowconcentrationprostacyclins(e.g.,treprostinil),forexampleabout10pg/mLoftreprostinil 

IL-lOIL-ISIDOiNOSHLAandTGF~,andreducedsecretionofpro-inflammatorymediators 

25 suchasTNFaandIL-4,byMSCs(seee.g.,WO2018/080990).Suchexposuretotheoneor 

moreagentsmaybeforanysuitabletimetoinducethedesiredeffectforexampleatleast6,12, 

18,24,36or48hours.  

Inanotheraspectthepresentdisclosurerelatestothegenetically-engineeredMSC 

describedhereinorapharmaceuticalcompositioncomprisingsameforuseasamedicament.  

30 Inanembodimentthemedicamentisforthepreventionortreatmentofaviraldiseasesuchas 

arespiratoryviraldiseaseinasubjectforexampleformanagingcomplicationsofsuchviral 

diseasesincludingARDSsepsisand/orsepticshock.Thepresentdisclosurealsorelatestoa 

methodforpreventingortreatingaviraldiseasesuchasarespiratoryviraldiseaseforexample 

formanagingcomplicationsofsuchviraldiseasesincludingARDSsepsisand/orsepticshock, 

35 inasubjectcomprisingadministeringtoasubjectinneedthereofaneffectiveamountofthe 

genetically-engineeredMSCdescribedhereinorapharmaceuticalcompositioncomprising 

same.Thepresentdisclosurealsorelatestotheuseofthegenetically-engineeredMSCdescribed 

havebeenshowntoexhibitenhancedsecretionofcertainanti-inflammatorymediatorssuchas
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hereinorapharmaceuticalcompositioncomprisingsameforpreventingortreatingaviral 

diseasesuchasarespiratoryviraldiseaseforexampleformanagingcomplicationsofsuchviral 

diseasesincludingARDSsepsisand/orsepticshockinasubject.Thepresentdisclosurealso 

relatestotheuseofthegenetically-engineeredMSCdescribedhereinorapharmaceutical 

5 compositioncomprisingsameforthemanufactureofamedicamentforpreventingortreatinga 

viraldiseasesuchasarespiratoryviraldiseaseforexampleformanagingcomplicationsofsuch 

viraldiseasesincludingARDSsepsisand/orsepticshockinasubject.Examplesofvirusesthat 

maycauserespiratorycomplicationssuchasARDSandpneumoniaincluderespiratoryviruses 
U (e.g.,influenzavirusescoronaviruses),aswellasnosocomialviralinfectionwithHerpesviridae, 

10 namelyherpessimplexvirus(HSV)andcytomegalovirus(CMV).Inanembodimenttheviral 

diseaseisfluorOOVID-19.  

Inanembodimentthemethodsandusesdefinedhereinarefortheprevention, 

treatmentand/ormanagementofinfectionsbytheWuhanoriginalSARS-OoV-2strain.Inanother 

embodimentthemethodsandusesdefinedhereinareforthepreventiontreatmentand/or 

15 managementofinfectionsbyvariantsoftheWuhanoriginalSARS-OoV-2strainsuchasthe 

B.1.1.7(alsoknownasVOO-202012/O1),501Y.V2(B.1.351),P.1(B.1.1.28.1),orB.1.617.2 

(delta)variantaswellasothervariantsofconcern(VOC)suchasB.I.429,B.I.526,B.I.525,and 

A.23.I (see, e.g., www.cdc.nov/coronavirus/2019-ncov/cases-updates/variant

surveillance/variant-info.html).  

20 Asusedhereintheterms''treating9;, ''treat''or''treatment''includeeliminating, 

amelioratingalleviatingorabatingadiseaseorconditionoroneormoresymptomsthereof, 

whetherornotthediseaseorconditionisconsideredtobe"cured"or"healed"andwhetheror 

diseaseorconditionoroneormoresymptomsthereofimpedingorpreventinganunderlying 

25 mechanismofadiseaseorconditionoroneormoresymptomsthereotandachievingany 

therapeuticand/orprophylacticbenefit.  

Asusedhereinthetermspreventing","prevent"orprevention"includereducingthe 

occurrenceand/orseverityofadiseaseorconditionoroneormoresymptomsthereofinasubject 

(e.g.,asubjectatriskofsufferingfromviraldiseaseorfromcomplicationsthereof)relativetoan 

30 untreatedcontrolsubjectordelayingtheonsetofoneormoresymptomsofthediseaseor 

conditioninasubject(e.g.,asubjectatriskofsufferingfromviraldiseaseorfromcomplications 

thereof)relativetotheuntreatedcontrolsubject.  

Inanembodimentthegenetically-engineeredMSCsdescribedhereinarepresentina 

compositionpreferablyapharmaceuticalcomposition.Thusinanotheraspectthepresent 

35 disclosureprovidesapharmaceuticalcompositioncomprisingthegenetically-engineeredMSCs 

describedherein.Inanembodimentthepharmaceuticalcompositioncomprisesatherapeutically 

effectiveamountofthegenetically-engineeredMSCsdescribedherein.  

notallsymptomsareresolved.Thetermsalsoincludereducingorpreventingprogressionofa
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Pharmaceuticallyacceptablecarriersorexcipientsincludesalineaqueousbuffer 

solutionssolventsand/ordispersionmedia.Theuseofsuchcarriersorexcipientsarewellknown 

intheart.Thesolutionispreferablysterileandfluidtotheextentthateasysyringabilityexists.  

Preferablythesolutionisstableundertheconditionsofmanufactureandstorageandpreserved 

5 againstthecontaminatingactionofmicroorganismssuchasbacteriaandfungithroughtheuse 

ofpreservativesforexampleparabenschlorobutanolphenolascorbicacidthimerosaland 

thelike.  

Someexamplesofmaterialsandsolutionswhichcanserveaspharmaceutically

acceptablecarriersorexcipientsinclude:sugarssuchaslactoseglucoseandsucrosestarches, 

10 suchascornstarchandpotatostarcfrcellulose anditsderivativessuchassodium 

acetate 
carboxymethylcelluloseethylcelluloseandcellulose , powderedtragacantlvmalt; 
gelatintalvlubricantssuchascocoabutterandsuppositorywaxesoilssuchaspeanutoil 

, 

oiL 
cottonseedoilsaffloweroilsesameoiloliveoilcornoilandsoybean , glycolssuchas 
propyleneglycol;polyolssuchasglycerinsorbitolmannitolandpolyethyleneglycol;esterssuch 

15 asethyloleateandethyl , gar;bufferingagentssuchasmagnesiumhydroxideand 
aluminumhydroxidealginicacid;pyrogen-freewaterisotonicsaline I 

Ringerssolutionethyl 

alcohoLpH-bufferedsolutionspolyesterspolycarbonatesand/orpolyanhydride&antioxidants 

antimicrobials andothernon-toxiccompatiblesubstancesemployed pharmaceutical 

formulations.  

20 Thepharmaceuticalcompositionsusefulforthemethodsofthedisclosuremaycomprise 

apolymericcarrierorextracellularmatrix.Avarietyofbiologicalorsyntheticsolidmatrixmaterials 

(e.g.,solidsupportmatricesbiologicaladhesivesordressingsandbiological/medicalscaffolds) 

useininvivoapplications.Non-limitingexamplesofsuchmedicallyacceptableand/orbiologically 

25 orphysiologicallyacceptableorcompatiblematerialsincludebutarenotlimitedtosolidmatrix 

materialsthatareabsorbableand/ornon-absorbablesuchassmallintestinesubmucosa(515), 

e.g., porcine-derived(andother515sources);crosslinkedornon-crosslinkedalginate, 

hydrocolloidfoamscollagengelcollagenspongepolyglycolicacid(PGA)meshpolyglactin 

(PGL)meshfleecesfoamdressingbioadhesives(e.g.,fibringlueandfibringel)anddeadde

30 epidermizedskinequivalentsinoneormorelayers.  

Suitablepolymericcarriersincludeporousmeshesorspongesformedofsyntheticor 

naturalpolymersaswellaspolymersolutions.Oneformofmatrixisapolymericmeshorsponge; 

theotherisapolymerichydrogel.Naturalpolymersthatcanbeusedincludeproteinssuchas 

collagenalbuminandfibrin;andpolysaccharidessuchasalginateandpolymersofhyaluronic 

35 acid.Syntheticpolymersincludebothbiodegradableandnon-biodegradablepolymers.Examples 

ofbiodegradablepolymersincludepolymersofhydroxyacidssuchaspolylacticacid(PLA), 

polyglycolic acid (PGA), and polylactic acid-glycolic acid (PLGA), polyorthoesters, 

aresuitableforuseinthisdisclosure.Thematrixmaterialispreferablymedicallyacceptablefor
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polyanhydridespolyphosphazenesandcombinationsthereofNonbiodegradablepolymers 

includepolyacrylatespolymethacrylatesethylenevinylacetateandpolyvinylalcohols.  

Polymersthatcanformionicorcovalentlycrosslinkedhydrogelswhicharemalleableare 

usedtoencapsulatecells.Ahydrogelisasubstanceformedwhenanorganicpolymer(naturalor 

5 synthetic)iscross-linkedviacovalentionicorhydrogenbondstocreateathree-dimensional 

open-latticestructurewhichentrapswatermoleculestoformagel.  

Examplesofmaterialswhichcanbeusedtoformahydrogelincludepolysaccharides 

suchasalginatepolyphosphazinesandpolyacrylateswhicharecrosslinkedionicallyorblock 

copolymerssuchasPluronicsTMorTetronicsTMpolyethyleneoxide-polypropyleneglycolblock 

10 copolymerswhicharecrosslinkedbytemperatureorpHrespectively.Othermaterialsinclude 

proteinssuchasfibrinpolymerssuchaspolyvinylpyrrolidonehyaluronicacidandcollagen.  

Ingeneralthesepolymersareatleastpartiallysolubleinaqueoussolutionssuchas 

waterbufferedsaltsolutionsoraqueousalcoholsolutionsthathavechargedsidegroupsora 

monovalentionicsaltthereofExamplesofpolymerswithacidicsidegroupsthatcanbereacted 

15 withcationsarepoly(phosphazenes),poly(acrylicacids),poly(methacrylicacids),copolymersof 

acrylicacidandmethacrylicacidpoly(vinylacetate),andsulfonatedpolymerssuchassulfonated 

polystyrene.Copolymershavingacidicsidegroupsformedbyreactionofacrylicormethacrylic 

acidandvinylethermonomersorpolymerscanalsobeused.Examplesofacidicgroupsare 

carboxylicacidgroupssulfonicacidgroupshalogenated(preferablyfluorinated)alcoholgroups, 

20 phenolicOHgroupsandacidicOHgroups.Examplesofpolymerswithbasicsidegroupsthat 

canbereactedwithanionsarepoly(vinylamines),poly(vinylpyridine),poly(vinylimidazole),and 

someimino-substitutedpolyphosphazenes.Theammoniumorquaternarysaltofthepolymers 

sidegroupsareaminoandiminogroups.  

25 In some embodiments the pharmaceutical composition, methods of 

prevention/treatmentorusescancompriseatleastoneadditionaltherapeuticagent.For 

examplethecompositionmethodsofprevention/treatmentorusesmayincludeananalgesicto 

aidintreatinginflammationorpainorananti-infectiveagenttopreventinfectionofthesitetreated 

withthecomposition.Morespecificallynon-limitingexamplesofusefultherapeuticagentsinclude 

30 thefollowingtherapeuticcategories:analgesicssuchasnonsteroidalantiinflammatorydrugs, 

opiateagonistsandsalicylatesanti-infectiveagentssuchasantihelminticsantianaerobics, 

antibioticsaminoglycosideantibioticsantifungalantibioticscephalosporinantibioticsmacrolide 

antibioticsmiscellaneous~-lactamantibioticspenicillinantibioticsquinoloneantibiotics, 

sulfonamide antibiotics, tetracycline antibiotics antimycobacterials antituberculosis 

35 antimycobacterialsantiprotozoalsantimalarialantiprotozoalsantiviralagentsanti-retroviral 

agents scabicides, anti-inflammatory agents, corticosteroid anti-inflammatory agents, 

antipruritics/localanestheticstopicalanti-infectivesantifungaltopicalanti-infectivesantiviral 

canalsobeformedfromthebackbonenitrogensorpendantiminogroups.Examplesofbasic



WO2022/077115 PCT/CA2021/051448 

27 

topicalanti-infectives;electrolyticandrenalagentssuchasacidifyingagentsalkalinizingagents, 

diureticscarbonicanhydraseinhibitordiureticsloopdiureticsosmoticdiureticspotassium

sparingdiureticsthiazidediureticselectrolytereplacementsanduricosuricagentsenzymes, 

suchaspancreaticenzymesandthrombolytic , gastrointestinalagentssuchas 

5 antidiarrhealsgastrointestinalanti-inflammatoryagentsgastrointestinalanti-inflammatory 

agentsantacidanti-ulceragentsgastricacid-pumpinhibitoranti-ulceragentsgastricmucosal 

anti-ulceragentsH2-blockeranti-ulceragents cholelitholyticagentsdigestantsemetics, 

laxativesandstoolsoftenersandprokineticagents;generalanestheticssuchasinhalation 

anestheticshalogenatedinhalationanestheticsintravenousanestheticsbarbiturateintravenous 

10 anesthetics benzodiazepine intravenous anesthetics, and opiate agonist intravenous 

anesthetics hormonesandhormonemodifierssuchasabortifacients adrenalagents, 

corticosteroidadrenalagentsandrogensanti-androgensimmunobiologicagentssuchas 

immunoglobulinsimmunosuppressivestoxoidsandvaccines;localanestheticssuchasamide 

localanestheticsandesterlocalanesthetics, minerals, andvitaminssuchasvitaminAvitamin 

15 BvitaminCvitaminDvitaminEandvitaminK.  

Inanembodimentthegenetically-engineeredMSOsorpharmaceuticalcomposition 

comprisingsamedescribedhereinmaybeusedincombinationwithagentsusedtotreatSARS

OoV-2 infection and/or related diseases such as OOVID-19. Such agents include 

antiinflammatorydrugsanti-SARS-CoV-2neutralizingantibodiesSARS-CoV-2vaccinesand 

20 antiviralagents.  

Thecombinationofprophylactic/therapeuticagentsand/orcompositionsofthepresent 

disclosuremaybeadministeredorco-administered(e.g.,consecutivelysimultaneouslyat 

disclosurereferstotheadministrationofmorethanonetherapeuticinthecourseofacoordinated 

25 treatmenttoachieveanimprovedclinicaloutcome.Suchco-administrationmayalsobe 

coextensivethatisoccurringduringoverlappingperiodsoftime.Forexampleafirstagentmay 

beadministeredtoapatientbeforeconcomitantlybeforeandafterorafterasecondactiveagent 

isadministered.Theagentsmayinanembodimentbecombined/formulatedinasingle 

compositionandthusadministeredatthesametime.  

30 Compositionsusefulforthemethodsofthepresentdisclosuremayincludecellculture 

componentse.g.,culturemediaincludingaminoacidsmetalscoenzymefactorsaswellas 

smallpopulationsofothercellse.g.,someofwhichmayarisebysubsequentdifferentiationof 

thestemcells.  

Compositionsusefulforthemethodsofthepresentdisclosuremaybepreparedfor 

35 examplebysedimentingoutthesubjectcellsfromtheculturemediumandre-suspendingthem 

inthedesiredsolutionormaterial.Thecellsmaybesedimentedand/orchangedoutoftheculture 

mediumforexamplebycentrifugationfiltrationultrafiltrationetc.  

differenttimes)inanyconventionaldosageform.Co-administrationinthecontextofthepresent
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TheskilledartisancanreadilydeterminetheamountofMSCsandoptionalcarrier(s)in 

compositionsandtobeadministeredinmethodsofthedisclosure.Ofcourseforanycomposition 

tobeadministeredtoananimalorhumanandforanyparticularmethodofadministrationitis 

preferredtodeterminetherefore:toxicitysuchasbydeterminingthelethaldose(LD)andLD 5 0 

5 inasuitableanimalmodele.g.,rodentsuchasmouseandthedosageofthecomposition(s), 

concentrationofcomponentsthereinandtimingofadministeringthecomposition(s),whichelicit 

asuitableresponse.Suchdeterminationsdonotrequireundueexperimentationfromthe 

knowledgeoftheskilledartisanthisdisclosureandthedocumentscitedherein.Thetimefor 

sequentialadministrationscanbeascertainedwithoutundueexperimentation.  

10 InanembodimentthefollowingamountsandrangesofamountsofMSCsare 

administeredtothesubject:(i)fromaboutIxIQ 2 toaboutIxI08cells/kgbodyweight;(ii)from 

aboutIxIQ3 toaboutIxIO~cells/kgbodyweight;(iii)fromaboutIxIQ 4 toaboutIxI06cells/kg 

bodyweight;(iv)fromaboutIxIO~toaboutIxIQ 5 cells/kgbodyweight;(v)fromaboutIxIO~to 

aboutIxIQ6 cells/kgbodyweight;(vi)fromabout5xIQ4 toabout0.5xIO5 cells/kgbodyweight; 

15 (vii)aboutIx1O~cells/kgbodyweight;(viii)aboutIx1O~cells/kgbodyweight;(ix)about5x 

1O~cells/kgbodyweight;(x)aboutIxlO5cells/kgbodyweight;(xi)about5x1O~cells/kgbody 

weight;(xii)aboutIx106cells/kgbodyweight;and(xiii)aboutIx1O~cells/kgbodyweight.  

Humanbodyweightsenvisionedincludewithoutlimitationabout5kg,10kg,15kg,30kg,50 

kgabout60kg;about70kg;about80kgabout90kg;about100kgabout120kgandabout 

20 150kg.TheMSOsmaybeadministeredeitherinabolusformBLainjectionofallthecellsduring 

ashortperiodoftimeoritmaybeaccomplishedbyacontinuousadministration(e.g.,infusion) 

ofsmallnumbersofcellsoveralongperiodoftimeoralternativelybyadministrationoflimited 

Compositionsusefulforthemethodsofthepresentdisclosurecanbeadministeredvia, 

25 interalialocalizedinjection(e.g.,inthelungs),includingcatheteradministrationsystemic 

injectionintravenousinjectionorparenteraladministration.Whenadministeringatherapeutic 

compositiondescribedherein(e.g.,apharmaceuticalcomposition),itwillgenerallybeformulated 

inaunitdosageinjectableform(solutionsuspensionemulsion).  

EXAMPLES 

30 Thepresentinventionisillustratedinfurtherdetailsbythefollowingnon-limiting 

examples.  

ExampleI:MSCsUnderSimulatedViralInfection 

MSCwerepreconditionedwithdsRNAthatmimicsaviralinfection.Totaltranscriptome 

of3differentdonor-derivedMSCswasanalyzedwithRNAsequencingperformedbyQiagen 

35 Thedifferentialgeneexpressionanalysisshowedsignificantupregulationofseveralgenes 

relatedtoantiviraldefensenotablytheIFITMIandIFITM3genes(FIG.1).  

sizebolusesonseveraloccasionsoveraperiodoftime.
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Example2:DevelopmentofTransgeneplasmidvectors 

FIGs.2A-BshowthevectormapofIFITMI-Angptl(FIG.2A),andIFITMS-Angptl(FIG.  

2B).Theplasmidvectorswereengineeredtoco-expressbothhumancodon-optimizedAngptl 

5 andIFITMproteinsundertwoindependentCMVpromoters.Withplasmidvectortransfection, 

MSCsefficientlyoverexpresstwoindependentproteinsfromthesamevector.  

Example3:ProteinQuantification 

OverexpressionoftheproteinswasverifiedwithWesternBlotand/orELISA.InFIGs.  

10 3A-FMSCcandidateI(IFITMI-Angptl)andMSOcandidate2(IFITM3-Angptl)MSOswere 

engineeredandproteinexpressionwasevaluatedbyELISA(FIGs.3A,3Band3C),WesternBlot 

(FIGs.3D,3E)orusingtheJessT M proteindetectiondevice(ProteinSimpleBiotechne)(FIG.3F).  

n=2experiments.  

15 Example4:Protein-InducedProtection 

ThetherapeuticeffectofengineeredMSOwasassessedusingrelevantpotencyassays 

tothepathophysiologyofARDSandsepsisobservedinCOVID-19patients.MSCconditioned 

mediawerepreparedbyconditioningunmodifiedormodified(dsRNAstimulatedortransfected 

cells)MSCfor24or48hoursfollowedbyahigh-speedcentrifugationtoremovedebrisanddead 

20 cells.Onday0,humanprimaryalveolarepithelialcells(ScienOell)wereseededandallowedto 

growovernightforattachment.OndayI, mediawerereplacedwithMSOconditionedmedia 

mixed1:1withepithelialcompletegrowthmedia.FordatashowninFIG.4,5x10 8 pseudovirus

cytometricanalysisofgreenfluorescentconductedonday2.Inthepreventionmodel(shownin 

25 FIGs.5A-5C),pseudovirus-SARS-CoV-2wereaddedintocellsolutiononday2withanalysis 

doneonday3.  

DatashowedthatMSCcandidateI(IFITMI-Angptl)andMSCcandidate2(IFITMS

Angptl)conditionedmediaderivedusingA)research-gradetransfectionprotocolwith48hr 

conditionedmediaandB)scale-uptransfection/manufacturingprotocolwith24hrconditioned 

30 mediaprotectepithelialcellsfrominfectionbypseudovirus-SARS-CoV2inducedbyacoronavirus 

inaninvitrosystem.n=3experimentdonewith1-3differentdonorderivedMSO(bar=meanwith 

SD).One-wayANOVATukey'smultiplecomparison.TheresultsdepictedinFIG.5Cshowthat 

anantibodydirectedagainstIFITM3reducestheprotectionfrominfectionconferredbythe 

conditionedmediafromMSCcandidate2.  

35 

Example5:EffectofMSCcandidateondiseaseseverityandsurvivalinmousemodelsof 

ARDS(study1,administrationofMSCatday2post-infection) 

SARS-OoV-2(MontanaMolecular)wereaddedintocellsolutionondayI, withsubsequentflow
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InvivoefficacywasassessedinastandardizedmurinemodelofARDSandcritical 

illness:mouse-adaptedinfluenzaAHINIvirus(AIFM/1/47-MAvirusorFM-MAvirus)induced 

ARDSmodel.Eighttoten-week-old057BL/6NmicewerepurchasedfromCharlesRiver 

Laboratories(SaintConstantQCCanada).AnimalswerehousedaccordingtoCanadianCouncil 

5 onAnimalCare(CCAC)guidelines.Astandardchowdietwasprovidedwithinthehopperofthe 

cageandwaterwasprovidedadilbitum.Animalswerehousedina20 0 C-230 Ctemperature

controlledroomwitha12-hourlight,12-hourdarkcycleand40%-60%humidity.Brieflymice 

receivedI000PFUofinfluenzaAstrainHINI:A/FM/I/47-MAvirusintranasally.Atdaytwoafter 

virusinoculationmiceweretreatedwithvehicleorengineeredMSCs(candidate2,engineered 

I0 withANGF'TIandIFITM3).Miceweremonitoreddailyforsurvivalandwellnessbodyweightand 

sicknessscoreuntil7daysaftervirusinfection..  

ThedatapresentedinFIG.6AshowsthatthegeneticallyengineeredMSCs(candidate 

2)improvethesurvivalraterelativetovehicle-treatedgroup(0%ofvehiclegroupvs50%of 

candidate2treatedgroupatday7)ininfluenzaAHINIvirusinducedARDSmodel.Survival 

15 ratesof33%(216)and50%(3/6)wereobtainedusingMSCcandidatesIand2,respectively.  

AdministrationofMSCcandidate2alsopartiallypreventedweightloss(FIG.6B)andreduced 

diseaseseverity(FIG.6C)relativetovehicletreatment.  

Example6:EffectofMSCcandidateondiseaseseverityandsurvivalinmousemodelsof 

20 ARDS(study2,administrationofMSCatdayIpost-infection) 

AsecondstudywasperformedusingaprotocolsimilartothatdescribedinExample5 

aboveexceptthatI)themiceweretreatedwithvehicleorengineeredMSCs(candidate2)at 

sicknessscorewereassesseduntildayI0.  

25 TheresultsdepictedinFIG.7AconfirmthatthegeneticallyengineeredMSCscandidate 

2improvethesurvivalraterelativetovehicle-treatedgroup(4%ofvehiclegroupvs.23%of 

candidate2treatedgroup)ininfluenzaAHINIvirusinducedARDSmodel.Administrationof 

MSCcandidate2alsopartiallypreventedweightloss(FIG.7B)andreduceddiseaseseverity 

(FIG.7C)relativetovehicletreatment.  

30 

Althoughthepresentinventionhasbeendescribedhereinabovebywayofspecific 

embodimentsthereofitcanbemodifiedwithoutdepartingfromthespiritandnatureofthe 

subjectinventionasdefinedintheappendedclaims.Intheclaimstheword"comprising"isused 

asanopen-endedtermsubstantiallyequivalenttothephrase"includingbutnotlimitedto".The 

35 singularforms''a'',''an''and''the''includecorrespondingpluralreferencesunlessthecontext 

clearlydictatesotherwise.  

dayoneaftervirusinoculation,2)survivalwasassesseduntilday9and3)weightlossand
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CLAIMS 

WHATISCLAIMEDIS: 

I. Amesenchymalstemcell(MSC)thatisgeneticallymodifiedtooverexpressan 

angiopoeitin-1(ANGPTI)polypeptideandanIFN-inducedtransmembrane(IFITM)polypeptide.  

5 2. TheMSCofclaimI, whereintheMSCexpressesarecombinantANGPTIpolypeptide.  

3. TheMSCofclaim2,whereintherecombinantANGPTIpolypeptidecomprisesanamino 

acidsequencethatisatleast70%identicaltotheaminoacidsequenceofresidues16to498of 

SEQIDNO:9.  

4. TheMSCofclaim3,whereintherecombinantANGPTIpolypeptidecomprisesanamino 

10 acidsequencethatisatleast90%identicaltotheaminoacidsequenceofresidues16to498of 

SEQIDNO:9.  

5. TheMSCofclaim4,whereintherecombinantANGPTIpolypeptidecomprisestheamino 

acidsequenceofresidues16to498ofSEQIDNO:9.  

6. TheMSCofanyoneofclaimsIto5,whereintheMSCcomprisesafirstexogenous 

15 nucleicacidcomprisinganANGPTIpolypeptide-encodingregionoperablylinkedtoapromoter 

orpromoter/enhancercombination.  

8. The MSC ofclaim 6,whereinthe promoter/enhancercombination isa CMV 

promoter/enhancercombination.  

20 9. TheMSCofanyoneofclaims6to8,whereintheANGPTIpolypeptide-encodingregion 

comprisesanucleotidesequencehavingatleast70%identitywiththenucleotidesequenceof 

SEQIDNO:7or8.  

10. TheMSCofclaim9,whereintheANGPTIpolypeptide-encodingregioncomprisesthe 

nucleotidesequenceofSEQIDNO:7or8.  

25 11. TheMSCofanyoneofclaimsItoI0,whereintheMSOexpressesarecombinantIFITM 

polypeptide.  

12. TheMSCofclaimII, whereintherecombinantIFITMpolypeptideisarecombinant 

IFITMIorIFITM3polypeptide.  

7. TheMSCofclaim6,whereinthepromoterisacytomegalovirus(CMV)promoter.
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13. TheMSCofclaim12,whereintherecombinantIFITMpolypeptidecomprisesanamino 

acidsequencethatisatleast70%identicaltotheaminoacidsequencesofSEQIDNO:3or6.  

14. TheMSOofclaim13,whereintherecombinantIFITMpolypeptidecomprisesanamino 

acidsequencethatisatleast90%identicaltotheaminoacidsequencesofSEQIDNO:3or6.  

5 15. TheMSCofclaim14,whereintherecombinantIFITMpolypeptidecomprisestheamino 

acidsequencesofSEQIDNO:3or6.  

I6. TheMSCofanyoneofclaimsIItoI5,whereintheMSCcomprisesasecondexogenous 

nucleicacidcomprisinganIFITMpolypeptide-encodingregionoperablylinkedtoasecond 

promoterorpromoter/enhancercombination.  

I0 17. TheMSCofclaimI6,whereinthesecondpromoterisaCMVpromoter.  

18. TheMSCofclaim16,whereinthesecondpromoter/enhancercombinationisaCMV 

promoter/enhancercombination.  

19. TheMSCofanyoneofclaims16to18whereintheIFITMpolypeptide-encodingregion 

comprisesanucleotidesequencehavingatleast70%identitywiththesequenceofSEQIDNO:1, 

15 2,4or5.  

20. TheMSCofclaim19,whereintheIFITMpolypeptide-encodingregioncomprisesa 

nucleotidesequencehavingatleast90%identitywiththesequenceofSEQIDNO:1, 2,4or5.  

nucleotidesequenceofSEQIDNO:1,2,4orS.  

20 22. TheMSCofanyoneofclaims6to21, whereinthefirstand/orsecondexogenousnucleic 

acid(s)is/arecomprisedinavectororplasmid.  

23. TheMSCofclaim22,whereinthefirstandsecondexogenousnucleicacidsarecomprised 

inthesamevectororplasmid.  

24. ApharmaceuticalcompositioncomprisingtheMSCofanyoneofclaimsIto23anda 

25 pharmaceuticallyacceptableexcipient.  

25. TheMSCofanyoneofclaimsIto23orthepharmaceuticalcompositionofclaim24,for 

useasamedicament.  

26. TheMSCorpharmaceuticalcompositionforuseofclaim25,whereinsaidmedicamentis 

forthepreventionortreatmentofaviraldiseaseinasubject.  

21. TheMSCofclaim20,whereintheIFITMpolypeptide-encodingregioncomprisesa
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27. TheMSCorpharmaceuticalcompositionforuseofclaim26,whereintheviraldiseaseis 

OOVID-19orinfluenza.  

28. TheMSOorpharmaceuticalcompositionforuseofclaim26or27,whereinthesubjectis 

human.  

5 29. TheMSCorpharmaceuticalcompositionforuseofanyoneofclaims26-28,whereinthe 

MSOareallogenicwithrespecttothesubject.  

30. TheMSCorpharmaceuticalcompositionforuseofanyoneofclaims26-28,whereinthe 

MSCareautologouswithrespecttothesubject.  

31. TheMSOorpharmaceuticalcompositionforuseofanyoneofclaims26-30,whereinthe 

10 MSCareforadministrationintothelungs.  

32. Amethodforpreventingortreatingaviraldiseaseinasubjectcomprisingadministering 

tothesubjectaneffectiveamountoftheMSOofanyoneofclaimsIto23orpharmaceutical 

compositionofclaim24.  

33. Themethodofclaim32,whereintheviraldiseaseisCOVID-19orinfluenza.  

15 34. Themethodofclaim32or33,whereinthesubjectishuman.  

35. Themethodofanyoneofclaims32-34,whereintheMSOareallogenicwithrespectto 

thesubject.  

thesubject.  

20 37. Themethodofanyoneofclaims32-36,whereintheMSCareadministeredintothelungs 

ofthesubject.  

38. UseoftheMSOofanyoneofclaimsIto23orthepharmaceuticalcompositionofclaim 

24forthemanufactureofamedicamentforthepreventionortreatmentofaviraldiseaseina 

subject.  

25 39. UseoftheMSOofanyoneofclaimsIto23orthepharmaceuticalcompositionofclaim 

24forthepreventionortreatmentofaviraldiseaseinasubject.  

40. Theuseofclaim38or39,whereintheviraldiseaseisCOVID-19orinfluenza.  

41. Theuseofanyoneofclaims38-40,whereinthesubjectishuman.  

36. Themethodofanyoneofclaims32-34,whereintheMWareautologouswithrespectto
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42. Theuseofanyoneofclaims38-41, whereintheMSCareallogenicwithrespecttothe 

subject.  

43. Theuseofanyoneofclaims38-41, whereintheMSOareautologouswithrespecttothe 

subject.  

5 44. Theuseofanyoneofclaims38-43,whereintheMSCareforadministrationintothelungs.
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<110>  OTTAWA HOSPITAL RESEARCH INSTITUTE
 
<120>  CELL-BASED THERAPY FOR VIRAL DISEASES

<130>  G17018-00018

<150>  US 63/092,572
<151>  2020-10-16

<160>  12    

<170>  PatentIn version 3.5

<210>  1
<211>  378
<212>  DNA
<213>  Homo sapiens

<400>  1
atgcacaagg aggaacatga ggtggctgtg ctggggccac cccccagcac catccttcca       60

aggtccaccg tgatcaacat ccacagcgag acctccgtgc ccgaccatgt cgtctggtcc      120

ctgttcaaca ccctcttctt gaactggtgc tgtctgggct tcatagcatt cgcctactcc      180

gtgaagtcta gggacaggaa gatggttggc gacgtgaccg gggcccaggc ctatgcctcc      240

accgccaagt gcctgaacat ctgggccctg attctgggca tcctcatgac cattggattc      300

atcctgttac tggtattcgg ctctgtgaca gtctaccata ttatgttaca gataatacag      360

gaaaaacggg gttactag                                                    378

<210>  2
<211>  378
<212>  DNA
<213>  Homo sapiens

<400>  2
atgcataagg aagaacacga ggtggccgtg ctgggacctc cacctagcac aattctgcct       60

agaagcaccg tgatcaacat ccacagcgag acaagcgtcc ccgaccacgt ggtgtggtcc      120

ctgttcaaca ccctgttcct gaactggtgc tgtctgggat ttatcgcctt cgcctacagc      180

gtgaaaagca gagatagaaa gatggtgggc gacgtgaccg gcgcccaggc ttatgcttct      240

accgccaagt gcctgaatat ctgggccctg atcctgggca tcctgatgac catcggcttc      300

atcctcctgc tggtgttcgg ctctgttaca gtgtaccaca tcatgctgca aatcatccag      360



gagaagcggg gctactga                                                    378

<210>  3
<211>  125
<212>  PRT
<213>  Homo sapiens

<400>  3

Met His Lys Glu Glu His Glu Val Ala Val Leu Gly Pro Pro Pro Ser 
1               5                   10                  15      

Thr Ile Leu Pro Arg Ser Thr Val Ile Asn Ile His Ser Glu Thr Ser 
            20                  25                  30          

Val Pro Asp His Val Val Trp Ser Leu Phe Asn Thr Leu Phe Leu Asn 
        35                  40                  45              

Trp Cys Cys Leu Gly Phe Ile Ala Phe Ala Tyr Ser Val Lys Ser Arg 
    50                  55                  60                  

Asp Arg Lys Met Val Gly Asp Val Thr Gly Ala Gln Ala Tyr Ala Ser 
65                  70                  75                  80  

Thr Ala Lys Cys Leu Asn Ile Trp Ala Leu Ile Leu Gly Ile Leu Met 
                85                  90                  95      

Thr Ile Gly Phe Ile Leu Leu Leu Val Phe Gly Ser Val Thr Val Tyr 
            100                 105                 110         

His Ile Met Leu Gln Ile Ile Gln Glu Lys Arg Gly Tyr 
        115                 120                 125 

<210>  4
<211>  402
<212>  DNA
<213>  Homo sapiens

<400>  4
atgaatcaca ctgtccaaac cttcttctct cctgtcaaca gtggccagcc ccccaactat       60

gagatgctca aggaggagca cgaggtggct gtgctggggg cgccccacaa ccctgctccc      120

ccgacgtcca ccgtgatcca catccgcagc gagacctccg tgcccgacca tgtcgtctgg      180



tccctgttca acaccctctt catgaacccc tgctgcctgg gcttcatagc attcgcctac      240

tccgtgaagt ctagggacag gaagatggtt ggcgacgtga ccggggccca ggcctatgcc      300

tccaccgcca agtgcctgaa catctgggcc ctgattctgg gcatcctcat gaccattctg      360

ctcatcgtca tcccagtgct gatcttccag gcctatggat ag                         402

<210>  5
<211>  402
<212>  DNA
<213>  Homo sapiens

<400>  5
atgaatcaca ccgtgcagac ctttttcagc cctgtgaaca gcggccagcc tccaaactac       60

gagatgctga aggaagaaca cgaggtggcc gtgctgggag cccctcataa tcctgctcct      120

cctaccagca ccgtgatcca catccggagc gagacatctg tccccgacca cgtggtgtgg      180

tccctgttca acaccctgtt tatgaacccc tgctgtctgg gcttcatcgc cttcgcctac      240

agcgtgaaaa gcagagatag aaagatggtg ggcgacgtga ccggcgccca ggcctacgcc      300

tctacagcca agtgcctgaa catctgggcc ctgatcctgg gcatcctcat gacaatcctg      360

ctgatcgtga tccccgtcct gattttccaa gcttatggct ga                         402

<210>  6
<211>  133
<212>  PRT
<213>  Homo sapiens

<400>  6

Met Asn His Thr Val Gln Thr Phe Phe Ser Pro Val Asn Ser Gly Gln 
1               5                   10                  15      

Pro Pro Asn Tyr Glu Met Leu Lys Glu Glu His Glu Val Ala Val Leu 
            20                  25                  30          

Gly Ala Pro His Asn Pro Ala Pro Pro Thr Ser Thr Val Ile His Ile 
        35                  40                  45              

Arg Ser Glu Thr Ser Val Pro Asp His Val Val Trp Ser Leu Phe Asn 
    50                  55                  60                  

Thr Leu Phe Met Asn Pro Cys Cys Leu Gly Phe Ile Ala Phe Ala Tyr 



65                  70                  75                  80  

Ser Val Lys Ser Arg Asp Arg Lys Met Val Gly Asp Val Thr Gly Ala 
                85                  90                  95      

Gln Ala Tyr Ala Ser Thr Ala Lys Cys Leu Asn Ile Trp Ala Leu Ile 
            100                 105                 110         

Leu Gly Ile Leu Met Thr Ile Leu Leu Ile Val Ile Pro Val Leu Ile 
        115                 120                 125             

Phe Gln Ala Tyr Gly 
    130             

<210>  7
<211>  1497
<212>  DNA
<213>  Homo sapiens

<400>  7
atgacagttt tcctttcctt tgctttcctc gctgccattc tgactcacat agggtgcagc       60

aatcagcgcc gaagtccaga aaacagtggg agaagatata accggattca acatgggcaa      120

tgtgcctaca ctttcattct tccagaacac gatggcaact gtcgtgagag tacgacagac      180

cagtacaaca caaacgctct gcagagagat gctccacacg tggaaccgga tttctcttcc      240

cagaaacttc aacatctgga acatgtgatg gaaaattata ctcagtggct gcaaaaactt      300

gagaattaca ttgtggaaaa catgaagtcg gagatggccc agatacagca gaatgcagtt      360

cagaaccaca cggctaccat gctggagata ggaaccagcc tcctctctca gactgcagag      420

cagaccagaa agctgacaga tgttgagacc caggtactaa atcaaacttc tcgacttgag      480

atacagctgc tggagaattc attatccacc tacaagctag agaagcaact tcttcaacag      540

acaaatgaaa tcttgaagat ccatgaaaaa aacagtttat tagaacataa aatcttagaa      600

atggaaggaa aacacaagga agagttggac accttaaagg aagagaaaga gaaccttcaa      660

ggcttggtta ctcgtcaaac atatataatc caggagctgg aaaagcaatt aaacagagct      720

accaccaaca acagtgtcct tcagaagcag caactggagc tgatggacac agtccacaac      780

cttgtcaatc tttgcactaa agaaggtgtt ttactaaagg gaggaaaaag agaggaagag      840

aaaccattta gagactgtgc agatgtatat caagctggtt ttaataaaag tggaatctac      900



actatttata ttaataatat gccagaaccc aaaaaggtgt tttgcaatat ggatgtcaat      960

gggggaggtt ggactgtaat acaacatcgt gaagatggaa gtctagattt ccaaagaggc     1020

tggaaggaat ataaaatggg ttttggaaat ccctccggtg aatattggct ggggaatgag     1080

tttatttttg ccattaccag tcagaggcag tacatgctaa gaattgagtt aatggactgg     1140

gaagggaacc gagcctattc acagtatgac agattccaca taggaaatga aaagcaaaac     1200

tataggttgt atttaaaagg tcacactggg acagcaggaa aacagagcag cctgatctta     1260

cacggtgctg atttcagcac taaagatgct gataatgaca actgtatgtg caaatgtgcc     1320

ctcatgttaa caggaggatg gtggtttgat gcttgtggcc cctccaatct aaatggaatg     1380

ttctatactg cgggacaaaa ccatggaaaa ctgaatggga taaagtggca ctacttcaaa     1440

gggcccagtt actccttacg ttccacaact atgatgattc gacctttaga tttttga        1497

<210>  8
<211>  1497
<212>  DNA
<213>  Homo sapiens

<400>  8
atgacagttt tcctttcctt tgctttcctc gctgccattc tgactcacat agggtgcagc       60

aatcagcgcc gaagtccaga aaacagtggg agaagatata accggattca acatgggcaa      120

tgtgcctaca ctttcattct tccagaacac gatggcaact gtcgtgagag tacgacagac      180

cagtacaaca caaacgctct gcagagagat gctccacacg tggaaccgga tttctcttcc      240

cagaaacttc aacatctgga acatgtgatg gaaaattata ctcagtggct gcaaaaactt      300

gagaattaca ttgtggaaaa catgaagtcg gagatggccc agatacagca gaatgcagtt      360

cagaaccaca cggctaccat gctggagata ggaaccagcc tcctctctca gactgcagag      420

cagaccagaa agctgacaga tgttgagacc caggtactaa atcaaacttc tcgacttgag      480

atacagctgc tggagaattc attatccacc tacaagctag agaagcaact tcttcaacag      540

acaaatgaaa tcttgaagat ccatgaaaaa aacagtttat tagaacataa aatcttagaa      600

atggaaggaa aacacaagga agagttggac accttaaagg aagagaaaga gaaccttcaa      660

ggcttggtta ctcgtcaaac atatataatc caggagctgg aaaagcaatt aaacagagct      720

accaccaaca acagtgtcct tcagaagcag caactggagc tgatggacac agtccacaac      780



cttgtcaatc tttgcactaa agaaggtgtt ttactaaagg gaggaaaaag agaggaagag      840

aaaccattta gagactgtgc agatgtatat caagctggtt ttaataaaag tggaatctac      900

actatttata ttaataatat gccagaaccc aaaaaggtgt tttgcaatat ggatgtcaat      960

gggggaggtt ggactgtaat acaacatcgt gaagatggaa gtctagattt ccaaagaggc     1020

tggaaggaat ataaaatggg ttttggaaat ccctccggtg aatattggct ggggaatgag     1080

tttatttttg ccattaccag tcagaggcag tacatgctaa gaattgagtt aatggactgg     1140

gaagggaacc gagcctattc acagtatgac agattccaca taggaaatga aaagcaaaac     1200

tataggttgt atttaaaagg tcacactggg acagcaggaa aacagagcag cctgatctta     1260

cacggtgctg atttcagcac taaagatgct gataatgaca actgtatgtg caaatgtgcc     1320

ctcatgttaa caggaggatg gtggtttgat gcttgtggcc cctccaatct aaatggaatg     1380

ttctatactg cgggacaaaa ccatggaaaa ctgaatggga taaagtggca ctacttcaaa     1440

gggcccagtt actccttacg ttccacaact atgatgattc gacctttaga tttttag        1497

<210>  9
<211>  498
<212>  PRT
<213>  Homo sapiens

<400>  9

Met Thr Val Phe Leu Ser Phe Ala Phe Leu Ala Ala Ile Leu Thr His 
1               5                   10                  15      

Ile Gly Cys Ser Asn Gln Arg Arg Ser Pro Glu Asn Ser Gly Arg Arg 
            20                  25                  30          

Tyr Asn Arg Ile Gln His Gly Gln Cys Ala Tyr Thr Phe Ile Leu Pro 
        35                  40                  45              

Glu His Asp Gly Asn Cys Arg Glu Ser Thr Thr Asp Gln Tyr Asn Thr 
    50                  55                  60                  

Asn Ala Leu Gln Arg Asp Ala Pro His Val Glu Pro Asp Phe Ser Ser 
65                  70                  75                  80  

Gln Lys Leu Gln His Leu Glu His Val Met Glu Asn Tyr Thr Gln Trp 
                85                  90                  95      



Leu Gln Lys Leu Glu Asn Tyr Ile Val Glu Asn Met Lys Ser Glu Met 
            100                 105                 110         

Ala Gln Ile Gln Gln Asn Ala Val Gln Asn His Thr Ala Thr Met Leu 
        115                 120                 125             

Glu Ile Gly Thr Ser Leu Leu Ser Gln Thr Ala Glu Gln Thr Arg Lys 
    130                 135                 140                 

Leu Thr Asp Val Glu Thr Gln Val Leu Asn Gln Thr Ser Arg Leu Glu 
145                 150                 155                 160 

Ile Gln Leu Leu Glu Asn Ser Leu Ser Thr Tyr Lys Leu Glu Lys Gln 
                165                 170                 175     

Leu Leu Gln Gln Thr Asn Glu Ile Leu Lys Ile His Glu Lys Asn Ser 
            180                 185                 190         

Leu Leu Glu His Lys Ile Leu Glu Met Glu Gly Lys His Lys Glu Glu 
        195                 200                 205             

Leu Asp Thr Leu Lys Glu Glu Lys Glu Asn Leu Gln Gly Leu Val Thr 
    210                 215                 220                 

Arg Gln Thr Tyr Ile Ile Gln Glu Leu Glu Lys Gln Leu Asn Arg Ala 
225                 230                 235                 240 

Thr Thr Asn Asn Ser Val Leu Gln Lys Gln Gln Leu Glu Leu Met Asp 
                245                 250                 255     

Thr Val His Asn Leu Val Asn Leu Cys Thr Lys Glu Gly Val Leu Leu 
            260                 265                 270         

Lys Gly Gly Lys Arg Glu Glu Glu Lys Pro Phe Arg Asp Cys Ala Asp 
        275                 280                 285             

Val Tyr Gln Ala Gly Phe Asn Lys Ser Gly Ile Tyr Thr Ile Tyr Ile 
    290                 295                 300                 



Asn Asn Met Pro Glu Pro Lys Lys Val Phe Cys Asn Met Asp Val Asn 
305                 310                 315                 320 

Gly Gly Gly Trp Thr Val Ile Gln His Arg Glu Asp Gly Ser Leu Asp 
                325                 330                 335     

Phe Gln Arg Gly Trp Lys Glu Tyr Lys Met Gly Phe Gly Asn Pro Ser 
            340                 345                 350         

Gly Glu Tyr Trp Leu Gly Asn Glu Phe Ile Phe Ala Ile Thr Ser Gln 
        355                 360                 365             

Arg Gln Tyr Met Leu Arg Ile Glu Leu Met Asp Trp Glu Gly Asn Arg 
    370                 375                 380                 

Ala Tyr Ser Gln Tyr Asp Arg Phe His Ile Gly Asn Glu Lys Gln Asn 
385                 390                 395                 400 

Tyr Arg Leu Tyr Leu Lys Gly His Thr Gly Thr Ala Gly Lys Gln Ser 
                405                 410                 415     

Ser Leu Ile Leu His Gly Ala Asp Phe Ser Thr Lys Asp Ala Asp Asn 
            420                 425                 430         

Asp Asn Cys Met Cys Lys Cys Ala Leu Met Leu Thr Gly Gly Trp Trp 
        435                 440                 445             

Phe Asp Ala Cys Gly Pro Ser Asn Leu Asn Gly Met Phe Tyr Thr Ala 
    450                 455                 460                 

Gly Gln Asn His Gly Lys Leu Asn Gly Ile Lys Trp His Tyr Phe Lys 
465                 470                 475                 480 

Gly Pro Ser Tyr Ser Leu Arg Ser Thr Thr Met Met Ile Arg Pro Leu 
                485                 490                 495     

Asp Phe 
        

<210>  10
<211>  204



<212>  DNA
<213>  Cytomegalovirus

<400>  10
gtgatgcggt tttggcagta catcaatggg cgtggatagc ggtttgactc acggggattt       60

ccaagtctcc accccattga cgtcaatggg agtttgtttt ggcaccaaaa tcaacgggac      120

tttccaaaat gtcgtaacaa ctccgcccca ttgacgcaaa tgggcggtag gcgtgtacgg      180

tgggaggtct atataagcag agct                                             204

<210>  11
<211>  304
<212>  DNA
<213>  Cytomegalovirus

<400>  11
cgttacataa cttacggtaa atggcccgcc tggctgaccg cccaacgacc cccgcccatt       60

gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttcc attgacgtca      120

atgggtggag tatttacggt aaactgccca cttggcagta catcaagtgt atcatatgcc      180

aagtacgccc cctattgacg tcaatgacgg taaatggccc gcctggcatt atgcccagta      240

catgacctta tgggactttc ctacttggca gtacatctac gtattagtca tcgctattac      300

catg                                                                   304

<210>  12
<211>  508
<212>  DNA
<213>  Cytomegalovirus

<400>  12
cgttacataa cttacggtaa atggcccgcc tggctgaccg cccaacgacc cccgcccatt       60

gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttcc attgacgtca      120

atgggtggag tatttacggt aaactgccca cttggcagta catcaagtgt atcatatgcc      180

aagtacgccc cctattgacg tcaatgacgg taaatggccc gcctggcatt atgcccagta      240

catgacctta tgggactttc ctacttggca gtacatctac gtattagtca tcgctattac      300

catggtgatg cggttttggc agtacatcaa tgggcgtgga tagcggtttg actcacgggg      360

atttccaagt ctccacccca ttgacgtcaa tgggagtttg ttttggcacc aaaatcaacg      420

ggactttcca aaatgtcgta acaactccgc cccattgacg caaatgggcg gtaggcgtgt      480



acggtgggag gtctatataa gcagagct                                         508
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