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MESENCHYMALSTEMCELLSCO-EXPRESSINGCXCR4ANDIL-lOAND 

USESTHEREOF 

FIELDOFTHEINVENTION 

5 Thepresentinventionreferstothemedicalfield.Particularlythepresentinvention 

referstomesenchymalstemcells(MSCs)characterizedinthattheyaretransducedwith 

anintegrativeexpressionvectorinordertostablyco-expressthechemokinereceptor 

type4CXCR4andtheinterleukinIL-lO.Thepresentinventionalsoreferstotheuseof 

saidMSCsasamedicamentparticularlyinthetreatmentofinflammatoryand/or 

10 autoimmunediseases.  

PRIORART 

MSCsaremultipotentadultstromalcellswithimmunomodulatoryeffectsonactivated 

lymphoidcellsincludingTcellsBcellsnaturalkillercellsanddendriticcells.MSCs 

displaytheabilitytohomeoninflamedsiteswheretheycanmodulateinflammatory 

15 reactionsandcontributetotherepairofinjuredtissues.  

InanimalmodelsMSCshavedemonstratedtheirefficacybothinregenerativemedicine 

andalsoininflammatoryandautoimmunediseasemodels.InphaseJillclinicaltrials, 

MSCshavedemonstratedasafetyprofileandshowedpreliminaryevidenceofclinical 

benefitindifferentdiseasessuchassteroid-resistantgraftversushostdisease(GVHD), 

20 severesystemiclupuserythematosuscomplexperianalfistulaskneeosteoarthritisor 

modelsandearly-phaseclinicaltrialsonlyinthreePhaseIIIclinicaltrialsthe 

therapeuticefficacyofMSCshasshownstatisticalsignificanceoverstandardtherapies.  

Theseincludethetreatmentofcomplexperianalfistulas(NCT00475410),steroid

25 refractory(IVHDinchildren(NCT02336230)andchronicadvancedischemicheart 

failure(NCT01768702).  

AmongtheparametersthatmayreducethetherapeuticefficacyofMSCsitisworth 

mentioningthattheexvivoexpansionofthesecellshasshowntoreducethemodest 

expressionofhomingreceptorsobservedinMSCsandalsotoinducethesenescencein 

30 thesecells.  

Consequentlythepresentinventionisfocusedonimprovingthetherapeuticefficacyof 

MSCsparticularlybyimprovingthemigrationofMSCstowardsinflamedsitesand 

1 

chroniccompleteparaplegiaamongothers.Despitetheresultsobtainedinanimal
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also by secreting immunosuppressive and anti-inflammatory cytokines, thus 

potentiatingthetherapeuticefficacyofstandardunmodifiedMSCs.  

Descriptionoftheinvention 

Briefdescriptionoftheinvention 

5 Asexplainedabovethepresentinventionisfocusedonimprovingthetherapeutic 

efficacyofMSCsparticularlybyenhancingthemigrationofMSCstowardsinflamed 
sitesandbyenhancingthereleaseofimmunosuppressiveand S S 

anti-inflammatory 

cytokinesascomparedtostandardunmodifiedMSCs.  

InordertodosotheinventorsofthepresentinventionhaveusedMSCswhichhave 

10 beentransducedwithanintegrativeexpressionvectorco-expressingthechemokine 

receptortype4CXCR4andtheinterleukinIL-lO.  

ParticularlyalentiviralvectorencodingforCXCR4andIL-10wasconstructedinthe 

contextofthepresentinvention.ThisexpressionvectorwasusedfortransducingMSCs 

thusco-expressinginastablemannerbothCXCR4andIL-lO.  

15 Example2.1showsthatMSCstransfectedwithaCXCR4-JL1OmRNAexertanti

inflammatorypropertiesinamousemodeloflocalinflammation.Neverthelessthese 

cellsdonotshowenhancedanti-graftversushostdisease(GvHD)propertiescompared 

toWTMSCs(Example2.2).IncontrasttoMSCstransfectedwiththeCXCR4-JL1O 

20 ILlOsequence(Example2.3),notonlyexertedenhancedinvitroimmunomodulatory 

properties(Examples2.4and2.5)andlocalinvitoanti-inflammatoryeffectscompared 

toWTMSCs(Example2.3-2.6),butstrikinglyalsodevelopedasignificantantiGvHD 

effectasshowninExample2.7ofthepresentinvention.  

Infacttheinvitroexperimentsincludedinthepresentinventionshowthatthestable 

25 co-expressionofthesemoleculesefficientlyenhancedthemigrationofMSCstowards 

SDF-1andimprovedtheimmunosuppressivepropertiesofthesecells.Moreoverthe 

preferentialhomingofMSCsectopicallyexpressingCXCR4andILlOtoinflamedpads 

wasdemonstratedinamousemodelinwhichalocalpadinflammationwasinduced.  

Takentogethertheseresultsdemonstratethatthestableco-expressionofspecific 

30 homingandanti-inflammatorymoleculessuchasCXCR4andILlOinhumanMSCs 

confersanenhancedanti-inflammatorypotentialinthesecellscomparedtoWTMSCs.  

2 

mRNAMSCsthathadbeentransducedwithalentiviralvectorcarryingtheCXCR4-
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TheuseofthisnewgenerationofMSCstransducedwithanintegrativeexpression 

vectorco-expressingCXCR4andIL10willhaveasignificantimpactinclinicalcell 

therapyforthetreatmentofinflammatoryand/orautoimmunediseases.  

ConsequentlyinsummaryitishereinproposedtheuseofMSCstransducedwithan 

5 integrativeexpressionvectorco-expressingbothCXCR4andIL-10asamedicament, 

particularlyinthetreatmentofinflammatoryand/orautoimmunediseases.  

Sothefirstembodimentofthepresentinventionreferstoanexpressioncassette 

(hereinaftertheexpressioncassetteoftheinvention)comprisingaDNAsequencewhich 
inturncomprises:a)apromoterb)asequenceencodingthechemokinereceptortype4 

10 CXCR4andc)asequenceencodinginterleukinIL-lO.Inapreferredembodimentthe 

expressioncassettefurthercomprisesaregulatoryelementforincreasingtransgene 

expression.Inapreferredembodimenttheregulatoryelementisthewoodchuck 

hepatitisvirusregulatoryelement(WPRE)RNAexportsignalsequenceorafunctional 

variantorfragmentthereofInapreferredembodimenttheexpressioncassettefurther 

15 comprisesbetweenthesequenceencodingthechemokinereceptortype4CXCR4and 

thesequenceencodinginterleukinIL-10asequencewhichencodesanautocatalytic 

peptide.InapreferredembodimenttheautocatalyticpeptideisE2A.Inapreferred 

embodimentthepromoterisahumanphosphoglyceratekinase(PGK)promoter 

sequenceorafunctionalhomologorvariantthereofInapreferredembodimentthe 

20 expressioncassettecomprisesintheorder5' to3':a)ahumanphosphoglyceratekinase 

encodingthechemokinereceptortype4CXCR4,c)asequenceencodingthe 

autocatalyticpeptideE2Ad)asequenceencodinginterleukinIL-i0 andd)the 

woodchuckhepatitisviruspost-transcriptionalregulatoryelement(WPRE).  

25 Inapreferredembodiment theexpressioncasseftecomprisesnon-nativecodon 

optimizedsequencesofthehumangenesCXCR4(SEQIDNO:1)andILlO(SEQID 

NO:3).InapreferredembodimentthesequencecodingtheautocatalyticpeptideE2A 

isSEQlIDNO:2 whichisusedtoeasetheco-expressionofbothmolecules(CXCR4 

andILlO).  

30 Thesecondembodimentofthepresentinventionreferstoarecombinantgenedelivery 

vector(hereinaftertherecombinantgenedeliveryvectoroftheinvention)comprising 

theabovedefinedexpressioncassette.Inapreferredembodimenttherecombinantgene 

3 

(PGK)promotersequenceorafunctionalhomologorvariantthereofb)asequence
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deliveryvectorisalentiviralvector.Inapreferredembodimentthevectorofthe 

inventionisanintegrativevectorwhichispermanentlyincorporatedintothehost 

chromosomes.  

Thethirdembodimentofthepresentinventionreferstoacell(hereinafterthecellofthe 

5 invention)comprisingtheexpressioncassefteortherecombinantgenedeliveryvector 

oftheinvention.InapreferredembodimentthecellsareMSCsderivedfrombone 

marrowplacentaumbilicalcord amnioticmembranemenstrualbloodperipheral 

bloodsalivaryglandskinandforeskinsynovialfluidamnioticfluidendometrium 

adiposetissuecordbloodandIordentaltissue.  

10 Thefourthembodimentofthepresentinventionreferstoapharmaceuticalcomposition 

comprisingtherecombinantgenedeliveryvectororthecelloftheinventionand 

optionallypharmaceuticallyacceptableexcipientsorcarriers.  

Thefifthembodimentofthepresentinventionreferstothegenedeliveryvectororthe 

cellsoftheinventionforuseasamedicament.Inapreferredembodimentthepresent 

15 inventionreferstothegenedeliveryvectororthecellsoftheinventionforuseinthe 

treatmentofinflammatorydiseasesand/orautoimmunediseasesforinstanceGraft

versus-host disease (GvHD), sepsis orrheumatoid arthritis. Alternatively, this 

embodimentreferstoamethodfortreatinginflammatorydiseasesand/orautoimmune 

diseasesforinstanceGraft-versus-hostdisease(GvHID),sepsisorrheumatoidarthritis, 

20 whichcomprisestheadministrationtothepatientofatherapeuticallyeffectivedoseor 

compositioncomprisingthereof 

Forthepurposeofthepresentinventionthefollowingtermsaredefined: 

~9 Bycomprising"itismeantincludingbutnotlimitedtowhateverfollowsthe 

25 word"comprising". Thususeoftheterm9,comprising', S thatthelisted 

elementsarerequiredormandatorybutthatotherelementsareoptionaland 

mayormaynotbepresent.  
9' Byconsistingof'itismeant"includingandlimitedto"whateverfollowsthe 

9' phrase consistingof'. Thusthephraseconsistingof'indicatesthatthelisted 

30 elementsarerequiredormandatoryandthatnootherelementsmaybepresent.  

4 

amountofthegenedeliveryvectororthecellsoftheinventionorapharmaceutical
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"Pharmaceuticallyacceptableexcipientorcarrier"referstoanexcipientthat 

mayoptionallybeincludedinthepharmaceuticalcompositionoftheinvention 

andthatcausesnosignificantadversetoxicologicaleffectstothepatient.  

. By"therapeuticallyeffectivedoseoramount"thepresentinventionreferstothe 

5 situationwhenthecellsorthepharmaceuticalcompositionareadministeredas 

describedaboveandbringsaboutapositivetherapeuticresponseinasubject 

havinganinflammatoryorautoimmunedisease.Theexactamountrequiredwill 

varyfromsubjecttosubjectdependingonthespeciesageandgeneral 

conditionofthesubjecttheseverityoftheconditionbeingtreatedmodeof 

10 administrationandthelike.Anappropriateeffective"amountinanyindividual 

casemaybedeterminedbyoneofordinaryskillintheartusingroutine 

experimentationbasedupontheinformationprovidedherein.  

Briefdescriptionofthefigures 

Figure1.EvidenceofinvivaefficacyofMSCstransfectedwiththebicistronic 

15 CXCR4-IL1OmRNAinamousemodeloflocalinflammation.Enhancedanti

inflammatoryeffectofMSCstransfectedwiththeCXCR4-JL1OmRNAisobservedas 

comparedtoWT-MSCs.  

Figure2.AbsenceofinvivoefficacyofMSCstransfectedwiththebicistronic 

CXCR4-IL1OmRNAinamousemodelofGVHD.A)SurvivalcurveB)Weightand 

Figure3.(A)DesignoftheDNAbicistroniclentiviralvectorusedtoco-express 

CXCR4andIL-lO.(B)LevelsofCXCR4,(C)IL-lOsecretionand(D)vectorcopy 

numberpercell(VCN/Cell)inCXCR4/JL1O-MSCscomparedtoWT-MSCs.N.D.Not 

detectable 

25 Figure4.InvitrocharacterizationofMSCstransducedwiththeDNAPGK

CXCR4-IL1O lentiviral vector. A) Immunophenotype of CXCR4/JL1O-MSCs 

comparedtoWT-MSCs.B)DifferentiationcapacityofCXCR4/JL1O-MSCstobone 

tissuecomparedtoWT-MSCs.C)DifferentiationcapacityofCXCR4/JL1O-MSCsto 

adiposetissuecomparedtoWT-MSCs.  

5 

20 C)Clinicalscore.
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Figure5.EnhancedmigrationcapacityofMSCstransducedwiththeDNAPGK

CXCR4-IL1OlentiviralvectorcomparedtoWT-MSCs.A)Representativepictureof 

themigrationabilityofWT-MSCsandCXCR4/JL1O-MSCsinresponsetoSDF-1.B) 

QuantificationofthemigrationabilityofWT-MSCsandCXCR4/JL1O-MSCsin 

5 responsetoSDF-1.  

Figure6.EnhancedinvitroimmunosuppressioncapacityofMSCstransducedwith 

theDNAPG-CXCR4-IL1Olentiviralvector.A)Schemeoftheexperimentalsystem 

usedtoevaluatetheinvitroimmunosuppressiveactivityofMSCs.B)CXCR4/JL1O

MSCsshowedimprovedimmunosuppressioncapacitythanWT-MSCs.  

10 Figure7.EnhancedinvivoefficacyofMSCstransducedwiththeDNAPGK

CXCR4-IL1Olentiviralvectorinamousemodeloflocalinflammation.A)Scheme 
oftheexperimentalsystemusedtoevaluatetheinvivo S S 

anti-inflammatoryeffectofWT

MSCsandCXCR4/JL1O-MSCs.B)Enhancedanti-inflammatoryeffectofMSCs 

transducedwiththePGK-CXCR4-JL1OlentiviralvectorcomparedtoWT-MSCs.  

15 Figure8.Enhancedanti-GvHDofMSCstransducedwiththeDNAPGK-CXCR4

ILlOLVcomparedtoWT-MSCs:AnalysisoftheGvHDclinicalsigns.A)Scheme 

oftheexperimentalsystemusedtoevaluatetheinvivoanti-GVHDofWT-MSCsand 

CXCR4/JL1O-MSCs.B)GVHDscorecomparingdifferentexperimentalgroups.  

Figure9.Enhancedanti-GvHDofMSCstransducedwiththeDNAPGK-CXCR4

inperipheralbloodofrecipientmiceshowingareducedexpansionofxenogenicdonor 

leukocyteintheGVHDhumanizedmousemodel.B)Flowcytometryanalysisofhuman 

CD45~cellsinspleenina&VHDhumanizedmousemodelconfirmingthereduced 

infiltrationofxenogenicdonorleukocyteinthisimmuneorgan.  

25 Figure10.Enhancedanti-GvHDofMSCstransducedwiththeDNAPGK

CXCR4-IL1OLVcomparedtoWT-MSCs:Analysisoftheinfiltrationofdonor 

lymphocytesexpressingIFN-gorILlO:A)ReducedcontentofINIEg-secretinghuman 

TcellsresponsibleforGVHDdiseaseinthespleenofNSGmicethathadbeeninfused 

withCXCR4-JL1O-MSCs.B)IncreasedcontentofIL10-secretinghumanTcellsinthe 

30 spleenofNSGmicewith&VHDtreatedwithCXCR4-JL1O-MSCs.  

6 

20 ILlOLVcomparedtoWT-MSCs:A)FlowcytometryanalysisofhumanCD45+cells
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Figure11. Enhancedanti-GvHDofMSCstransducedwiththeDNAPGK

CXCR4-IL1OLVcomparedtoWT-MSCs:Quantificationofhumanfactorsin 
S 

recipientmicebyqPCR.A)Analysisofpro-inflammatoryfactors(WNgJL-17and 

JL-22)inthespleenofNSGtreatedwithWT-MSCorCXCR4/JL1O-MSCs.B)Analysis 
S S 

5 ofanti-inflammatoryfactors(IL-eSorFoxP3)inthespleenofNSGtreatedwithWT

MSCorCXCR4/JL1O-MSCs.  

Figure12.EvolutionofweightandGVHDclinicalscoreinNSGmicetransplanted 

withhumanmononuclearcellsandinfusedwithWIorCXCR4fIL1O-MSCs.(A) 

Evolutionoftheweightshownasapercentageovertimeassumingthattheweightof 

10 day0correspondsto1000o.(B)Clinicalscoreofthediseasedeterminedovertimein 

thedifferenttransplantedgroups.TheoverallGVHDscorewasevaluatedintermsof 

weightlosspostureactivityhairtextureskinintegrityandpresenceofdiarrhea.~p 

<0.05**p<oo1 

Figure13.Flowcytometricanalysisofcirculatinghumancellsinperipheralblood 

15 three weeks after transplantation in NSGmicetransplantedwith human 

mononuclearcellsandinfusedwithWIorCXCR4fIL1O-MSCs.(A)Percentageof 
+ 

circulatinghumanCD45 cells.(B)PercentageofcirculatinghumanCD3~Tcells.(C) 
CharacterizationofCD3~TcellsashumanCDt~CD8~orCD4~CD8~Tcells.Eachbar 

20 Figure14.PhenotypiccharacterizationofcirculatinghumanCD4~andCD8~I 

cells(naiveeffectorandmemoryIcel)inNSGmicetransplantedwithhuman 

mononuclearcellsandinfusedwithWIorCXCR4fIL1O-MSCs.(A)EffectorTI 

naiveTcellratiointheCD4~Tcells.(B)EffectorTInaiveTcellratiointheCD8~T 

cells.Eachbarrepresentsthemean+SEM. p<o.o5 ,**p<o.o1 .  

25 Figure15.Analysisbyflowcytometryofactivationmarkersincirculatinghuman 

IcellsinperipheralbloodthreeweeksafterNSGmicetransplantationwith 

humanmononuclearcellsandinfusedwithWIorCXCR4fIL1O-MSCs.Activation 

profileofTcellslabeledasCD3~CD45~.Eachbarrepresentsthemean+SEMofdata 

fromtwodifferentexperimentswithMINCsfromtwodifferentdonors(n 10-12miceI 

30 group).~p<0.05.  

7 

representsthemean+SEM.~p<O.O5~p<O.Ol~p<O.OOl.
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Figure16.AnalysisofexhaustionmarkersincirculatinghumanCD3~Icellsin 

peripheralbloodthreeweeksafterofNSGmicewithhumanmononuclearcells 

andinfusedwithWIorCXCR4fIL1O-MSCs.InhibitionprofileofCD3~CD45~ 

humanTcells 

5 Figure17.HumancytokinesandgrowthfactorlevelsinvolvedinGVHDinthe 

serumofNSGtransplantedmicethreeweeksaftertransplantationwithhuman 

mononuclearcellsandinfusedwithWIorCXCR4fIL1O-MSCs.Eachbarrepresents 

themean+SEM p<0.05,~p<0.01,~p<0.001 

Figure18.Analysisbyflowcytometryofhumanhematopoieticcellsinthespleen 

10 threeweeksaftertransplantationofNSGmicewithhumanmononuclearcellsand 

infusedwithWIorCXCR4fIL1O-MSCs.PercentageofcirculatinghumanCD45+ 

cellsdistributedasCD3~,CD19~CD56~,CD14~andCD1S+cells.Eachbarrepresents 

themean+SEM. p<O.05,~p<O.0l,"~ 1 ~ p<0.OOl 

Figure19.PhenotypiccharacterizationofIcellsubpopulationsinthespleen.(A) 

15 DistributionofhumanCD4~CDS+ordoublepositiveTcellswithinthepopulationof 

CD3~CD45~cells.(B)Distributionofnafveeffectorandmemorysubpopulationsinthe 

CD4~Tcellpopulation.(C)Distributionofnaiveeffectorandmemorysubpopulations 

Figure20.AnalysisbyflowcytometryofactivationprofileinhumanIcellsin 

20 spleenthreeweeksafterNSGmicetransplantationwithhumanmononuclearcells 

andinfusedwithWIorCXCR4/IL1O-MSCs.(A)ActivationprofileofCD3~CD45+ 

labeledTcells.(B)ActivationprofileoftheCD4~Tcellsubpopulation.(C)Activation 

profileoftheCD8~Tcellsubpopulation.Eachbarrepresentsthemean+SEM.* p 

<0.05**p<0 .0 1 

25 Figure21.AnalysisbyflowcytometryofexhautionprofileinhumanIcellsin 

spleenthreeweeksaftertransplantationofNSGmicewithhumanmononuclear 

cellsandinfusedwithWIorCXCR4fIL1O-MSCs.(A)Inhibitionprofileof 

CD3~CD45~Tcells.(B)InhibitionprofileoftheCD4~Tcellsubpopulation.(C) 

8 

intheCD8~Tcellpopulation.Eachbarrepresentsthemean+SEM
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ActivationprofileoftheCD8~Tcell subpopulation.Eachbarrepresentsthe 

mean+SEM.~p<0.05.  

Figure22.PhenotypiccharacterizationofhumanCD19~Bcellsubpopulationsin 

spleen(naiveBcellsCD24mCD38-CD27m.transitionalBcellsCD24 1 0w/+CD38~CD27m 

5 . memoryBcellsandplasmacellsCD24 1 ow/+CD38~CD27fl.Eachbarrepresentsthe 

mean+SEM.~p<0.05.  

Figure23.FlowcytometryanalysisofthehumanBcellpolarizationtowards 

regulatoryBcellsinthespleenofNSGmicethreeweeksaftertransplantationwith 

humanmononuclearcellsandinfusedwithWIorCXCR4fIL1O-MSCs.(A) 

10 Representativeflowcytometricanalysisofeachgroupandgraphicalrepresentationof 

ILl0~transitionalBcellpercentage.(B)Representativeflowcytometricanalysisof 

eachgroupandgraphicalrepresentationoftheJILl0~memoryBcellpercentage.Each 

barrepresentsthemean+SEM. p<0 .0 5 .  

Figure24.HistopathologicalanalysisinthelungsofNSGmicetransplantedwith 

15 humanmononuclearcellsandinfusedwithWIorCXCR4fIL1O-MSCs.(A) 

RepresentativeimagesofHIEstaining(left),humananti-CD3immunohistochemical 

staining(center),andhumananti-CDSimmunohistochemicalstaining(right).(B) 

QuantificationofinfiltatingCD3~Tcellsinthelungs.(C)Quantificationofinfiltating 

20 ***p<0.001 

Figura25.HistopathologicalanalysisintheliverofNSGmicetransplantedwith 

humanmononuclearcellsandinfusedwithWIorCXCR4fIL1O-MSCs.(A) 

RepresentativeimagesofH/Estaining(left),humananti-CD3immunohistochemical 

staining(center),andhumananti-CDSimmunohistochemicalstaining(right).(B) 

25 QuantificationofinfiltratingCD3~Tcellsintheliver.(C)Quantificationofinfiltrating 

CD8~Tcellsintheliver.Eachbarrepresentsthemean+SEM.*p<0.05 p<0.01 

p<0.001****p<0.0001.  

Figure26.ExperimentaldesignonDSS-inducedcolitis.Differentconcentrationsof 

dextransulphatesodium(DSS)wereusedwithrangesfrom2.5~oto30oSindrinking 

9 

CD8~Tcellsinthelungs.Eachbarrepresentsthemean+SEM. p<0.05~p<0.01
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waterduring7daysadlitbitum.AsingledoseofWTorCXCR4/JL1O-MSCs(3x106 

cells/mouse)wasintraperitoneallyinfusedatday5. Forlong-termevaluationare

challengewith7-daycycleofDSSindrinkingwaterwasperformed12weekslater.  

Figure 27. DSS-induced colitic status of mice following intraperitoneal 

5 administrationWT-MSCsorCXCR4fIL1O-MSCs.Diseaseactivityindex(DAJ)(A), 

fold-changeinbodyweight(B)andsurvival(C).Representativeimagesofcolontissue 

(magnification4xand1Ox)atday10followingthetreatmentwithDSS(D).Healthy, 

n14;DSSn26,DSS+WT-MSCsn21andDSS+CXCR4/JL1O-MSCsn26Data 

arepresentedbymeanandstandarderrorofthediseaseactivityindexandofthefold

10 changeinbodyweightswithrespecttoDay0expressedbypercentageovertime.  

Survivalarepresentedbypercentage.SignificancewasanalyzedbytheMann-Whitney 

Utestandlongranktestandrepresentedby*p<Q05and****p<c1~OOOlDSSvs 

Healthy;$p<O.OS 55 55, p<O,0 5 and p<O.OI 55+ 

cxc4/ILlO- SCsvs 55and#p<OO5 SS+CXC SCsvs 55+ 
S 

15 = SCs. esultscorrespondto5independentexperi. . ents.  

Figure 28. DSS-induced colitic status office after the third month of 

administrationofWT-MSCsorCXCR4fIL1O-MSCs.Diseaseactivityindex(DAJ) 

(A),fold-changeinbodyweight(B)andsurvival(C).Healthyn10;DSSn15, 

DSS+WT-MSCsn15andDSS+sCXCR4-JL1O-MSCsn15Dataarepresentedby 

weightswithrespecttoDay0expressedbypercentageovertime.Survivalare 

presentedbypercentage.SignificancewasanalyzedbytheMann-WhitneyUtestand 

longranktestandrepresentedby**p<OOland~ 1 ~ 1 ~ p<O.OOOlDSSvsHealthy,& 

p<0 .0 5 DSS+CXCR4/JL1O-MSCsvsDSSandPtp<O.05andPAPAp<O.OlDSS+ 

25 CXCR4/1L10-MSCsvsDSS+WT-MSCs.Resultscorrespondto3independent 
S 

experiments 

Detaileddescriptionoftheinvention 

Thepresentinventionisillustratedbymeansoftheexamplessetbelowwithoutthe 

intentionoflimitingitsscopeofprotection.  

10 

20 meanandstandarderrorofthediseaseactivityindexandofthefold-changeinbody
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Example1.Materialandmethods 

Example1.1.GenerationandexpansionofAdipose-derivedMSCs(Ad-MSCsJ 

Adiposetissuesampleswereobtainedbysurgicalresectionfromhealthydonorsafter 

informedconsent.AdiposetissuewasdisaggregatedanddigestedwithcollagenaseA 

5 (ServaGermany)atafinalconcentrationof2mg/mlfor4hoursat37 0 C.Digested 

sampleswerefilteredthrough100jimnylonfilters(BDBioscience USA)and 

centrifugedfor10minutes.Thecellpelletwasre-suspendedinci-MIEM(GibcoUSA) 

supplementedwith50oplateletlysate(CookmedicalUSA),1~openicillin/streptomycin 

(Gibco)andlng/mlhumanbasicfibroblastgrowthfactor(bFGFPeprotechUSA).  

10 Cellswereseededataconcentrationof10,000cells/cm2incultureflasks(Corning, 

USA)andculturedat37 0 C.FortheexpansionofAd-MSCscellmediumwaschanged 

every2-4daysandadherentcellswereseriallypassagedusing0.250otrypsin/EDTA 

(Sigma-AldrichUSA)uponreachingnearconfluence(700o~9O0o).Forinvitroandin 
vivostudiesAd-MSCswereusedatpassagesfrom4to8.  

15 Example1.2.CharacterizationofWT-MSCsandCXCR4/IL1O-MSCs 

WT-MSCsandMSCthathadbeentransducedwiththeCXCR4-JL10lentiviralvector 

(CXCR4/JL1O-MSCs)wereimmunophenotypicallycharacterizedbyflowcytometry 

(Fortessa, BD Bioscience, USA) as described by the Mesenchymal cell kit 

(ImmunostepSpain).Themonoclonalanti-humanantibodiesincludedinthesestudies 

DRCD14andCD34.DatawereanalysedwithFlowJoversionX(FlowJoLLCUSA).  

TheosteogenicandadipogenicdifferentiationabilityofAd-MSCswasdetermined 

usingtheNH-OsteoDiffandNH-AdipoDiffMedia(MiltenyiBiotec Germany), 

respectivelyaccordingtomanufacturersprotocols.Alcalinephosphatasedepositswere 

25 seenafterthestainingwithFastBCIP/NCP(Sigma-Aldrich)whilelipiddropletswere 

seenwithopticmicroscopy(NikonGermany).  

Example1.3.ConstructionoftheDNACXCR4/1L10lentiviralvector 

ThefragmentcontainingthelentiviralbackboneandthePGKpromoter(7362bp)was 

obtainedbysimultaneousdigestionofpCCL.PGK.FANCA.Wpre* plasmid(9087bp) 

30 withAgelandSaclirestrictionenzymes(NewEnglandBiolabsUSA),whose 

restrictionsiteswereblankingFANCAtransgeneat5' and3-end respectively.  

11 

20 werethefollowing:CD29,CD44,CD73,CD9OCD1O5,CD166CD45,CD19,HLA-
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Digestedlentiviralbackbonewithouttransgenewaspurifiedfromagarosegelwith 

NucleoSpinGelandPCRClean-upkit(Macherey-NagelGermany).Fragments 

containingcodon-optimizedsequencesofhumanCXCR4andIL10wereobtainedby 

polymerasechainreaction(PCR)takingpUCS7plasmidsusedformRNAsynthesisasa 
S 

5 template.PCRofeachplasmidwasperformedusingtwospecificpnmerswhich 

includedAgelandSaclirestrictionsitesatS'-endandthefirstorlast20bpofthe 

CXCR4orIL10transgenes.AmplificationwascarriedoutfollowingHerculaseII 

FusionEnzyme'sprotocol(AgilentUSA)dependingontargetsizewithoutusing 

dimethylsulfoxide(DM50)andstablishing58 0 Cforannealingtemperature.PCR 

10 productsweresimultaneousdigestedwithAgelandSacliandalsopurifiedbycolumn 

usingNucleoSpinGelandPCRClean-upkit.  

DigestedlentiviralbackboneandfragmentsofinterestwereligatedwiththeT4DNA 

Ligase(NewEnglandBiolabs)maintainingtarget:vectorratioat5:1. Ligatedproducts 

were transformed into Stable3 bacteria to obtain pCCL.PKG-CXCR4

15 JL1O.Wpre*plasmid.  

Example1.4.LentiviralVectorproduction 

Allself-inactivatingHJV-1-derivedvectorsusedinthisworkwereproducedbya 

second-generationpackagingsysteminHIEK293TcellsobtainingVSV-G-pseudotyped 

viruses.Atotalamountof12x106cellswereplatedthedaybeforein150mmdiameter 

20 plates.Transfectionswereperformedoncellsat oconfluencein150mmdiameter 

onehourbeforetransfectionculturemediumwasreplacedbyfreshDMIEM-Glutamax 

containing o HyClone(GEHealthcareUSA)and10o penicillin/streptomycin.  

Equimolecularmixturesofthreeplasmidscontainingthetransgenestheviralgenome 

25 andthepackagingconstructswerepreparedfreshly.HIEK293Tcellsofeachplatewere 

transfectedwith22,%gofthegenetransferplasmid,12jigofthepMID2.VSVg 

envelope plasmid (PlasmidFactory, Germany) carryingthe heterologous VSVg 

envelopeand27,5~gofthepCMVdR8.74packagingplasmid(PlasmidFactory) 

carryingthegag-pol-revviralgenes.Theseplasmidmixtureswerepreparedinafinal 

30 volumeof3,Smlofultra-pure1120and450p1of2.5MCaCl2werecarefullyadded.  

Aftera5mm incubationatroomtemperature,3,Smlof2XHank'sBufferedSaline 

(HBS)buffer(100mMHEPES(Gibco),281mMNaCl,1.5mMNa2HPO4,pH7.13) 

12 

platesfollowingtheCaCl2DNAprecipitationmethodspreviouslydescribed.Briefly,
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wasaddeddropbydropallowingtheformationofCa2+precipitates.Thissolutionwas 

addedtoHIEK293Tcellsthatwouldintegratethoseprecipitates.Fivehoursafter 

mediumcontainingprecipitateswasreplacedbyfreshmedium.Supernatantswere 

collectedat48hourspost-transfection.Theywereharvestedfilteredusinga0.22~m 

5 pore-sizefilter(Millipore MerckKGaA Germany)andconcentratedbyultra

centrifugingat20,000rpmand4 0 Cfor2hours.Thenviralpelletsweresuspendedin 

DMIEMforatleast1hat4 0 Cspundowntodiscardcellulardebrisandstoredat-80 0 C 

inaliquotof100p1.  

Example1.5.TransductionoftheAd-MSCs 

10 TwodifferentstrategieswerecarriedouttotransducehumanAd-MSCs:transductionof 

adheredMSCsandtransductionofMSCsinsuspension.Inthissetofexperiments, 

transductionenhancers(TEs)wereaddedduringthetransductionprocesswiththeaim 

ofincreasingthetransductionefficacy.  

Example1.6.CXCR4andIL-lOproteinco-expression 

15 TheexpressionofCXCR4onthecellsurfaceofAd-MSCswasdeterminedbyflow 

cytometryafterlabellingwithaPB-conjugatedanti-humanCXCR4antibodyfor30mm 

at40 C(BiolegendUSA).ILl0levelssecretedbyAd-MSCsweremeasuredinthe 

supernatantofculturedcellsusingthehumanILlOQuantikineELISAKit(R&D 

SystemUSA).  

(ThermoFisherScientificUSA)containingaproteaseinhibitormixture(Merck 

MilliporeGermany).Twentymicrogramsofeachofthecelllysateswereresolvedin4

1200 polyacrylamidegels(Bio-RadUSA)andtransferredtoPVDFmembranes(Bio

Rad).Membraneswereblockedwith50ov/vnonfatdrymilkin0.10oTween-20PBS.  

25 Sampleswereimmunoblottedbyincubationwithrabbitmonoclonalanti-human 

CXCR4antibody(Abcam UK)dilutedinblockingsolution.Mouseanti-human 

Vinculin(Abcam)wasusedasaloadingcontrol.BlotswerevisualizedwithClarity 

WesternECLsubstrate(Bio-Rad)usingaChemiDocMPSystemandImageLab 

sofware(Bio-Rad).  

30 Example1.7.Cellmigrationassay 

13 

20 Total protein extracts were isolated from Ad-MSCs using the PAPA buffer
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Migrationassayswerecarriedoutintranswellswithan8jimporepolycarbonate 

membraneinsert(CostarCambridgeMA).5x103Ad-MSCswereplacedintheupper 

insertchamberofthetranswellassembly.Thelowerchambercontainedmurineor 

humanSDF-1(PeprotechUSA)atafinalconcentrationof100ng/ml.Twenty-four 

5 hoursafterincubationtheupperpartofthemembranewasscrappedgentlybyacotton 

swabtoremovenon-migratingcellsandwashedwithPBS.Themembranewasfixed 

with3. 7400formalinovernightat40 Candstainedwithhaematoxylinfor4hoursatRT.  

Thenumberofmigratingcellswasdeterminedbythescoringoffourrandomfieldsper 

wellundertheNikonEclipseE400microscope(lOX)(NikonUK)andpictureswere 

10 obtainedwithaLeicaDFC42Ocamera(LeicaUK).  

Example1.8.Invitroimmunosuppressionassay 

Peripheralbloodmononuclearcells(MNCs)wereobtainedbyFicoll-PaquePLUS(GE 

HealthcareBioscience Sweden)densitygradientfromheparinizedperipheralblood 

samplesobtainedfromhealthydonorsafterinformedconsent.Beforeco-cultureMINCs 

15 weremarkedwiththeintracellularfluorescentdyeCFSE(carboxyfluoresceindiacetate 

succinimidylesterMolecularProbeUSA),followingapreviouslydescribedprotocols.  

WT-MSCsandCXCR4/JL1O-MSCswereplatedin24-wellplatesataconcentrationof 

5x104cells/well.Twenty-fourhourslater5x105MNCswereaddedtoeachwellin 

presenceof10~g/mLofphytohemagglutinin(PHA)(Sigma-Aldrich)toinducetheT 

20 cellproliferation.After3daysofincubationcellsharvestedfromculturewellswere 

LT~'(VeritySoftwareHouseUSA).  

Example1.9.Quantificationofsecretedcytokinesandfactors 

WT-MSCsandCXCR4/JL1O-MSCswereseededin6-wellplatesataconcentrationof 

25 lxi05cells/well.At4hpost-transfection supernatantswerecollectedandsecreted 

PGE2andTGF~1werequantifiedbyELISA(R&DSystemUSA).SecretedJL-6,lIEN 7 

andTNThwerequantifiedbyflowcytometryusingLEGENDplex T M HumanTh 

CytokinePanel(BiolegendUSA)followingmanufacturersprotocol.  

Example1.10.Geneexpressionanalysis 

30 RNAfromWT-MSCsandCXCR4/JL1O-MSCswasisolatedusingRNAeasy®Plus 

MiniKitandreversetranscribedwithRETROscript(ThermoFisher Scientific 

14 

analysedbyflowcytometryforcellproliferation.DatawereanalysedwithModFit
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WalthamUSA).cDNAwassubjectedtoquantitativeReal-TimePCR(qPCR)using 

FastStartUniversalSYBRGreenMastermastermix(RocheIndianapolisUSA)and 

specificprimersforhumaninterleukinsanddifferentfactors.qPCRswererunona 

7,500fastreal-timePCRsystem(ThermoFisherScientific).Resultswerenormalizedto 

5 humanGAPDHexpressionandexpressionofcontrolsamplesaccordingtothe 2 AACt 

method.  

Example1.11.LPS-inducedinflamedpadmodel 

F'VB/NJmicewerehousedintheanimalfacility(RegistrationNo.E5280790000183)at 

CIEMAT(MadridSpain).Micewereroutinelyscreenedforpathogensinaccordance 

10 withFELASAproceduresandreceivedwaterandfoodadlibitum.Allexperimental 

procedureswerecarriedoutaccordingtoSpanishandEuropeanregulations(Spanish 

RID53/2013andLaw6/2013 EuropeanDirective2010/63/lIE).Procedureswere 

approvedbytheCIEMATAnimalExperimentationEthicalCommitteeaccordingto 

approvedbiosafety andbioethicsguidelines. FVB/NJmicewere sedated and 

15 administeredasingleinjectionof40~tgofE.coliLPSin30~tlofPBSintotheright 

pad.Similarly,30p.LofPBSwereinjectedintotheleftpadasacontrol.Fourhours 

after Ad-MSCs transfection, SxlOS WT-MSCs or CXCR4/JL1O-MSCs were 
S 

intravenouslyinfusedthroughthetailvein.Padinflammationwasdeterminedby 

measunngthethicknesswithadigitalcalliperat2448and72hfollowingLPS 

20 administration.AttheendoftheexperimentsmiceweresacrificedbyC02inhalation.  

usingthehematologyanalyzerAbacus(DiatronUSA).  

Example1.12.Humanizedmousemodelofgraft-versus-hostdisease(GvHDJin 

NSGmice 

25 ToestablishthemodelNSGmicewereirradiatedwith2Gyandthefollowingdaythey 

weretransplantedwith5x10 6 humanMINCs.ThreedayslateronemillionofWT-MSCs 

orCXCR4/JL1O-MSCswereinfusedintravenously.Animalswereweigheddailyand 

monitoredforpossiblesymptomsofGWIDsuchasweightlosshunchedbackruffling 

ofhairanddiarrhea.TheseverityofG'VHDwasgradedfrom0(absenceofGVHD)to8 

30 (severeGVHD).Animalsweresacrificedhumanelywhentheyexhibitedtheeuthanasia 

GVHDcriteria(>200oweightlossorascore>6.5).  

15 

Peripheralbloodcellswerecollectedtoanalysethemousehaematologicalparameters
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Exampie1.13.Statisticalanalysis 

StatisticalanalyseswereperformedusingGraphPadPrism7.0software(GraphPad 

SoftwareUSA).Dataofinvitrotestsareexpressedasmean+standarddeviation(SD) 

andasmean+thestandarderrorofthemean(SEM)ininvivotests.Normal 

5 distributionwasanalyzedbytheShapiro-Wilkstest.Tocomparemorethantwogroups, 

parametrictest(one-wayANOVA)fornormaldistributionandnon-parametrictest 

(Kruskal-Wallistest)fornon-normaldistributionwereused.Appropriateposthoc 
analysistocomparemeanswasperformed.Pvalues<0.05wereconsideredstatistically 

significant.  

10 Example1.14.HistopathologicalanalysisinaGVHDmousemodel 

Lungsandliversweresurgicallyremovedandfixedwithformalinovernight. After 

fixationthetissuesampleswereprocessedinastandardwayembeddingthemin 

paraffinforthegenerationofablock.Toassesstissuemorphology,3-%msectionsof 

theparaffinblocksweremadewithamicrotomeandhematoxylin-eosinstainingwas 

15 performedusingstandardtechniques.Theinterpretationofthetissuesfollowing 

previouslyestablishedGVHDgradingsystems.  

Example1.15.ImmunohistochemicalanalysisinaGVHDmousemodel 

Theslideswiththesamplesweredeparaffinizedandrehydratedfollowingstandard 

protocols.LungandliversampleswerelabeledwithhumanCD3andCDS.Antigen 

20 unmaskingofCD3-labeledsampleswascardedoutusingasodiumcitratebuffer 

pressurecooker(DakoAgilentTechnologies).Fortheunmaskingofthesamples 

stainedwithCD8,aTris-EDTAbuffer(TargetRetrievalSolutionpH9Dako)andthe 

samepressurecookerwereused.Endogenousperoxidasewasinhibitedwith0,20o 

25 hydrogenperoxidedissolvedinmethanolfor10minutes.Nonspecificepitopeswere 

blockedwith ohorseserumdissolvedinPBSfor30minutesat370 C.Theprimary 

antibodieswereincubatedovernightat40 Cdilutedintheblockingsolution.The 

secondaryantibodiesconjugatedwithbiotinwereincubatedforonehouratroom 

temperaturedilutedintheblockingsolution.Toamplifythesignalabiotin-avidin

30 peroxidasesystem(VECTASTALNeliteABCHRPkitVectorLaboratories)wasused 

incubatingfor30minutesatroomtemperature.Thesignalwasvisualizedusing 

diaminobenzidineastheperoxidasesubstrate(DABKitVectorLaboratories).Finally, 

16 

(1.8mMcitricacidmonohydrateand8.2mMtrisodiumcitratedihydrate;pH6)usinga
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the sampleswere counterstainedwithhematoxylin dehydratedusing standard 

proceduresandmountedusingamountingadhesive(CVMountLeicaBiosystems).  

Imagesweretakenwithanopticalmicroscope(OlympusBX41)andadigitalcamera 

(OlympusDP21).Theanalysisofthepercentageofmarkingineachofthesampleswas 

5 carriedoutwiththeJmageJprogram.  

Example1.16.Inductionandevaluationofdextransulphatesodium(DSSJ-induced 

colitis 

ss, 
ifferentconcentrationsofdextransulphatesodium( , 36,000-50,000 

edicalsIrvineCAUSA)wereusedwithrangesfro 2.50oto30oS 
S 

indrinking 
10 waterfor7daysadlibitu . AsingledoseofnativeorCXC4/IL-lO-. modified *SCs 

(3xI06cells!ouse)wasintraperitoneallyinfusedatday5.  

Forlong-ter. . evaluationare-challengewith7-daycycleof 55indrinkingwaterwas 

ed(Figure26).  

ColitisscoreordiseaseactivityS (Al)wasdefinedasfollows:(1) odyweight 

15 loss(0:noloss~1:l%-5%~2:5%]~3%~3:iO%-2O%,4:>20%lossofweightand5:no 

survival);(2)stoolconsistency(0:noralstools;I:loosestools~2:waterydiarrhoew3, 
S S 

*1 waterydiarrhoeawithbloodand4:nosurvival)and(3)thegeneralphysicalactivity(0.  

norak1-2: . oderateactivity;3:nullactivityand4:n.osurvival).Thefold-changein 

bodyweightwascalculatedbythedifferenceinbodyweiahtatadefinedP. e-point 
S .3 

20 withrespecttotheinitialbodyweightatday0justbeforethebeginnigof 55 

Colitisscorewasalsoevaluatedbycob S 

histologicalanalysis.Colonsweresurgically 
re ovedandfixedwithfor colontissueswerecutand 

. aimovernight.At48h 
beddedinparaffinandstainedwithhae. I, 

atoxylin/eosin.Thesectionswereexamined 

25 forinfiltratingmononuclearcellsandanalysisoftheintestinalepithelialandsubmucosa 

structuresusinganopticalmicroscope.  

Example2.Results 

Forthesakeof clantykindlynotethattheresultsprovidedinExamples2.1and2.2 
S 

30 withrespecttoMSCstransfectedwithbicistronicCXCR4-JL10mRNA arejust 

includedascomparativeexamplestoshowhowtheseresultswereimprovedwhenthe 

17 

treatentexpressesaspercentage.
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MSCsweretransducedwithanintegrativeexpressionvectorco-expressingCXCR4and 

ILlO(Examples2.3to2.7).  

Example2.1.MSCstransfectedwiththebicistronicCXCR4-IL1OmRNAexhibit 

Significantlocalanti-inflammatoryeffects 

5 WetestedtheinvivoefficacyofMSCstransfectedwiththebicistronicCXCR4-JL10 

mRNAinamousemodeloflocalinflammationmodelinducedbyLPS.BothWTand 

CXCR4-JL10-RNA-MSCswereabletoexhibitsignificantanti-inflammatoryeffects, 

althoughMSCstransfectedwiththebicistronicCXCR4-JL1OmRNAweresignificantly 

moreefficientcomparedtoWT-MSCs.SeeFigure1whereinitisshowntheanalysisof 

10 theinvivoefficacyofMSCstransfectedwiththebicistronicCXCR4-JL1OmRNAina 

mousemodeloflocalinflammation.Enhancedanti-inflammatoryeffectofMSCs 

transfectedwiththeCXCR4-JL1OmRNAisobservedascomparedtoWT-MSCs.  

Example2.2.AbsenceofinvivoefficacyofMSCstransfectedwiththebicistronic 

CXCR4-IL1OmRNAinagraftversushostdiseasemousemodel 

15 WealsotestedtheinvivoefficacyofMSCstransfectedwiththebicistronicCXCR4

ILlOmRNAinagraftversushostdiseasemousemodel.Amousemodelof 

haploidenticalhematopoietictransplantationwasconductedbytransplantingBMcells 

fromC57B1/6donormiceintoB6D2F1recipientmicepreviouslyirradiatedwitha 

lethaldoseof11Gy.Allrecipientswereinjectedintravenouslywith1Oxi06BMdonor 

numberof2x10 8 donorsplenocytes.Onedayafter&VHDinduction micewere 

administeredsaline(GVHDgroup),WT-MSCsormRNA-transfectedMSCs(1x~06) 

viathetailvein.TransplantedrecipientswereobserveddailyforsymptomsofG\THD 

suchasweightlosshunchedbackrufflingofhairanddiarrhea.TheseverityofGVHD 

25 wasgradedfrom0(absenceofGVHD)to8(severeGVHD).Animalsweresacrificed 
S humanelywhentheyexhibitedtheeuthanasiaGVHIDcritena(>200oweightlossora 

score>6.5).Figure2showstheanalysisoftheinvivoefficacyofMSCstransfected 

withthebicistronicCXCR4-JL1OmRNAinamousemodelofGVHD.A)Survival 

curveB)WeightandC)Clinicalscore.AsshowninFigure2Awedidnotobserveany 

30 differencebetweentheWT-MSCsandCXCR4-JL1OmRNAMSCstoinhibit&VHD 

18 

20 cells.Toinducegraftversushostdisease(GVHD)recipientsalsoreceivedatotal
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Example2.3.GenerationofMSCstransducedwithabicistronicDNACRCR4

ILlOlentiviralvectorforimprovingtheefficacyofWIMSCstoinhibitgraft 

versushostdisease 

Inthesestudieswehavegeneratedalentiviralvectorinwhichtheoptimizedsequences 

5 oftheCXCR4andILl0geneshavebeenclonedinabicistroniclentiviralvectorunder 

thehumanphysiologicalpromoterP0K(Figure3A).  

AftertestingdifferentmethodsofAd-MSCstransductionaswellasdifferentamounts 

ofthevectorapopulationofmodifiedAd-MSCs(CXCR4/JL1O-MSCs)wasobtained.  

ThispopulationofCXCR4/JL1O-MSCsoverexpressedCXCR4,around 'oMSCswas 

10 positivetoCXCR4.HigherconcentrationsofILlOweresecretedbyCXCR4/JL1O

MSCscomparedtounmodifiedMSCs(WT-MSCs).Thevectorcopynumberwas 

analyzedintheseCXCR4/JL1O-MSCsbyqPCR(Figure3B).  

Example2.4.InvitrocharacterizationofCXCR4fIL1O-MSCscomparedtoWI

MSC 

15 MSCsmodifiedwiththebicistronicPGK-CXCR4-JL10 lentiviral vectorwere 

characterizedfollowingthe S establishedbytheJSCT(InternationalSocietyof 

CellularTherapy)formesenchymalcells.  

TheinvitrocharacterizationshowedthatthemodificationoftheMSCswiththe 

bicistroniclentiviralvectordidnotaffecttheirimmunophenotype(Figure4A)northeir 

unmodifiedmesenchymalcells(WT-MSCs).  

Example2.5.InvitrofunctionalityofCXCR4fIL1O-MSCscomparedtoWI-MSC 

Tostudytheinvitrofunctionalityofmesenchymalcellsmodifiedwiththebicistronic 

lentiviralvector(CXCR4/JL1O-MSCs),atranswellmigrationassaywasfirstperformed 

25 inresponsetoSDF-1,ligandofCXCR4(FigureSA).Theresultsofthisassayshowed 

anenhancedmigrationabilityofCXCR4/JL1O-MSCsascomparedtoWT-MSCs 

(FigureSB).  

The second in vitro functional characterization study consisted of an 

immunosuppressionassayinwhichtheabilityoftheCXCR4/JL1O-MSCstoinhibitthe 

30 proliferationofactivatedmononuclearcells(MNCs)wasevaluatedcomparedtoWT

MSCs(Figure6A).  

19 

20 abilitytodifferentiatetobone(Figure4B)andadipose(Figure4C)tissuecomparedto
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AsalreadydescribedWT-MSCsshowedahighcapacitytoinhibittheproliferationof 

activatedMNCs.HoweverthisinhibitionwassignificantlyhigherwhenMSCswere 

transducedwiththePGK-CXCR4-JL10lentiviralvector(Figure6B).Thesestudies 

demonstratethatthetransductionofMSCswiththebicistroniclentiviralvector 

5 significantlyimprovetheimmunomodulatorycapacityofthesecellscomparedtoWT

MSCs.  

Example2.6.EnhancedinvivaefficacyofCXCR4fIL1O-MSCstoinhibitlocal 

inflammationcomparedtoWT-MSC 

TotesttheinvivoefficacyofMSCstransducedwiththePGK-CXCR4-JL1Olentiviral 

10 vectorcellsweretestedinamousemodeloflocalinflammationmodelinducedby 

LPS.  

TheLPSwasinjectedontherightpadofeachmouse.OnedayafterLPSinjectionthe 

differenttypesofAd-MSCs(WT-MSCsandCXCR4/JL1O-MSCs)wereinfused 

intravenously(n- 7-14miceIgroup).Inflammationwasmeasuredmacroscopically 

15 withadigitalcaliperusingtheleftpadasacontrolineachmouse(Figure7A).  

Theresultsshowedthat24hoursaftertheinfusionoftheAd-MSCs(48hoursafterthe 

LPSinjection),allthemicethathadreceivedAd-MSCscontrolledtheinflammation 

whiletheinflammationcontinuedtogrowinthegroupofmicethathadonlyreceived 

theLPSinjection.  

thathadreceivedCXCR4/JL1O-MSCs(Figure7B).  

Example2.7. ImprovedefficacyofMSCstransducedwiththeDNAbicistronic 

lentiviralvectortoinhibitgraft-versus-hostdisease(GvHDJcomparedtoWI 

MSCs 

25 ThetherapeuticefficacyofMSCstransducedwiththebicistroniclentiviralvectorwas 

alsotestedinagraft-versus-hostdisease(GvHD)mousemodelbasedontheinfusionof 

peripheralbloodhumanmononuclearcells(MNC)inimmunodeficientNSGmice 

(Figure8A).Toestablishthemodelmicewereirradiatedwith2Gyandthefollowing 

daytheyweretransplantedwith5x106humanMNCs.Threedayslateronemillionof 

30 WT-MSCsorCXCR4/JL1O-MSCswereinfusedintravenously.Animalswereweighed 

dailyandmonitoredforpossiblekeysignsofGYHID(Figure8B).  

20 

20 Howeverthecontroloftheinflammationwasstatisticallyhigherinthegroupofmice
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AsFigure8BshowsGVHDscorewassignificantbetterinthegroupofNSGmicethat 

receivedCXCR4/JL1O-MSCscomparingnotonlywith&VHDgroupsbutalsoWT

MSCsgroup.  

TwoweeksaftertheinfusionofMNCsmicethatonlyreceivedhumanMINCs(GvHD 

5 group)begantoshowsignsofthedisease(weightlosshunchedback).Thereforeat 

thistimerecipientmicefromallthethreegroupsweresacrificedtoanalyzethe 

percentageofhumanCD45~cellsintheperipheralblood(PB)andinthespleen(SP).It 

wasfoundthatthepercentageofinfiltratinghumanCD45~cellswassignificantly 

reducedinmicethatreceivedWT-MSCs.Neverthelessthereductionobservedbothin 

10 PBandspleenwassignificantlyhigherinmicethatwereinfusedwithCXCR4/JL1O

MSCs(Figure9A-B).  

HumanCD45~CD3~cellsresponsibleforGVHDdiseasewereanalyzedbyflow 

cytometryintheGVHDhumanizedmousemodel.RemarkablyNSGmicetreatedwith 

CXCR4/JL1O-MSCsbutnotwithWT-MSCsshowedastatisticallyreducedpercentage 
S + 15 ofpro-inflammatoryTcells(CD3~JFNg)comparedtotheGvHDcontrolgroup 

(FigurebA).Inadditionastatisticallysignificantincreaseinthepercentageofanti

inflammatoryTcells(CD3~JL1O~)wasalsoobserved(FigurelOB)inthegroupthat 

receivedCXCR4/JL1O-MSCsbutnotwithWT-MSCscomparedtotheGvHDcontrol 

group.  

S 

20 ThesedataobservedbyflowcytometrywereconfirmedbyqPCR.Pro-inflammatory 

thatreceivedCXCR4/JL1O-MSCsbutnotWT-MSCscomparedtothecontrolGvHD 

group.Quantificationofthelevelsofexpressionofanti-inflammatoryfactorssuchas 

JL-5orFoxP3showedthatthesefactorswerestatisticallyincreasedinthecaseofmice 

25 thatreceivedCXCR4/JL1O-MSCsbutnotWT-MSCswithrespecttothecontrol 

GvHDgroup(Figure11).  

Example2.8.InvivaefficacyofCXCR4fIL1O-MSCstestedinahumanizedmodel 

ofgraftversushostdisease(GvHD) 

TotesttheinvivoefficacyofCXCR4/JL1O-MSCswithrespecttoWT-MSCs a 

30 humanizedmodelofgraftversushostdisease(GvHD)wasdeveloped.Thegreatest 

weightlosswasobservedintheGvHDgroupthatdidnotreceiveanytypeofAd

MSCs.FurthermorecomparedtotheremarkableweightlossobservedintheGvHD 

21 

factorssuchasJFNgIL-17andJL-22weresignificantlyreducedinthecaseofmice
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groupandalsointhegroupthatreceivedWT-MSCsnoweightlosswasobservedin 

thegroupthatreceivedCXCR4/JL1O-MSCs(Figure12A).Moreoveralthoughthe 

groupthatreceivedWT-MSCspresentedalowerGvHDscore(milderclinicalsigns) 

comparedtonon-MSC-treatedmicetheGvHDscorewassignificantlylowerinmice 

5 thatreceivedCXCR4/JL1O-MSCs(Figure12B).  

Theanalysisofhumanleukocytesintheperipheralbloodoftransplantedmiceshowed 

significantreductionsinmicethatreceivedAd-MSCs(0 0 hCD45 , igure13A).  
NeverthelessmicetreatedwithCXCR4/JL1O-MSCsshowedthelowestproportionof 

humanleukocytesmostofwhichwerehumanCD3~Tcellsinallinstances(Figure 

10 13B),andwithnodifferencesamongCD4~CD8~ordoublepositiveTcells(Figure 

13C).  

TheanalysisofthedistributionofhumanCD4~orCD8~Tcellsinnaiveeffectorand 

memoryTcellsshowedasignificantdecreaseinthepercentageofCD4~andCD8~T 

cellswitheffectorphenotypeinmicethatreceivedCXCR4/JL1O-MSCs(Figure14C 

15 and14F).  

Theactivationprofileofcirculatinghuman17cellsintheperipheralbloodofmicewas 

studied.ThegroupsthatreceivedanytypeofAd-MSCsshowedanincreaseinthe 

percentageofCD25~17cellsbeing statisticallyhigherinmicetreatedwith 

CXCR4/JL1O-MSCs.FurthermorethesecellswereCD25~CD4~lymphocyteswhich 

TheexhaustionprofileofcirculatinghumanCD3~Tcellsinperipheralbloodwasalso 

analyzedusingCTLA4 PD1, TIGITandTIM3markers.Atthreeweekspost

transplantationofMNCsanincreaseincirculatingCD3~cellspositiveforCTLA4was 

observedinthetwogroupsthatreceivedAd-MSCSbeingsignificantlyhigherinthe 

25 caseofthemicethatreceivedCXCR4/JL1O-MSCs(Figure16).  

CirculatinghumancytokinesandfactorsinvolvedintheGvHDdevelopmentwere 

analyzedintheserumofthesemice.AsFigure17showsthegroupstreatedwithany 

typeofAd-MSCspresentedastatisticallysignificantdecreaseinthelevelsof 

circulatingpro-inflammatoryhumancytokinessuchaslIEN 7 ,JL17AJLla,1L8,1142or 

30 TNThwithrespecttotheGvHDcontrolgroup.Additionallythesetwogroupsthat 
receivedAd-MSCsexperiencedanincreaseincirculatinghuman S S 

anti-inflammatory 

factorssuchasIL10,TGFf3or1L6.Remarkablychangesincytokinesecretionfroma 

22 

20 suggestedthepresenceofcirculatingregulatory17cellsinthisgroup(Figure15).
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S 

pro-inflammatorytoamoreanti-inflammatoryprofilewerestatisticallymoremarkedin 

micethatreceivedCXCR4/JL1O-MSCsrelativetothosethatreceivedWT-MSCs 

(Figure17).  

TheseresultsindicatedthattheinfusionofCXCR4/JL1O-MSCsproducesasignificant 

5 decreaseinthepercentageofcirculatinghumanTcellsinperipheralbloodwithrespect 

tovaluescorrespondingtomicetreatedwithWT-MSCs.Additionallyperipheralblood 

TcellsshowamoreimmunosuppressiveprofileafterinfusionofCXCR4/JL1O-MSCs 

comparedtoWT-MSCs.  

Takentogether thisdataindicatethatCXCR4/JL1O-MSCsinduceasignificantly 

10 reducedinflammatoryenvironmentandenhancedimmunoregulatoryenvironmentatthe 

systemiclevelinNSGimmunodeficientmicetransplantedwithhumanleukocytes.  

Thedistributionamongthedifferenthumanhematopoieticlineageswasstudiedinthe 

spleen:CD3~TcellsCD19~BcellsCD56~NKcellsCD14~monocytesandCD15~ 

15 granulocytes.About700oofthehumanCD45~cellsobservedinthespleenatthree 

weekspost-transplantationintheGvHDgroupwerehumanCD3~Tcells(64.98 

+4.140o),whilethispercentagedecreasedinthegroupthatreceivedWT-MSCs(59,22+ 

4.560'4andmoremarkedlyinthegroupthatreceivedCXCR4/JL1O-MSCs(48.67 

+34 580o).AdditionallywhenthepercentageofhumanCD19~Bcellswasanalyzedin 

withCXCR4/JL1O-MSCs(14.62+1.520o)eithercomparedtotheGvHDgroup(6.73+ 

1.030o)ortothegroupthatreceivedWT-MSCs(8.99+1~53Oo).Finallythepercentage 

ofCD56~NKcellsCD14~monocytesandCD15~granulocytesinthespleenof 

transplantedmicewasverylowandwithoutdifferencesbetweenthedifferentstudy 

25 groups.  

Nosignificantdifferenceswerefoundinspleenbetweenthestudygroupsinthe 

distributionofTcellsbetweenCD4~CD8+ordoublepositivecells(Figure19A).No 

differenceswereobservedbetweenthedifferentstudygroupsintermsofthe 

distributionofhumanCD4~orCD8~Tcellsamongthemostcharacteristic 

30 subpopulations:naiveeffectorandmemoryTcells(Figure19BandFigure19C).  

23 

20 thespleenasignificantincreaseofthispopulationwasdetectedinthegrouptreated
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Theactivationpatternobservedinthespleenwasverysimilartothatobservedin 

peripheralblood.DifferenceswereonlyfoundbetweenthegroupsintermsoftheCD25 

expressioninthespleen(Figure20A).ThegroupsthathadreceivedanytypeofAd

MSCsshowedasignificantincreaseinthepercentageofCD25~Tcellswithrespectto 

5 theGvHDgroupbeinghigherinmicetreatedwithCXCR4/JL1O-MSCscomparedto 

thegroupthatreceivedWT-MSCs.ThesecellsspecificallywereCD25~CD4~Tcells 

(Figure20B),indicatinganimmunoregulatoryphenotypeoftheseCD4~Tcellsin 

spleen.  

Atthreeweekspost-transplantationofMNCstheanalysisofinhibitionreceptorsinthe 

10 spleenofNSGtransplantedmiceshowedasignificantincreaseinTIIM3~Tcellsin 

humanCD3~Tcells(Figure23A)andalsoinCD4+orCD8+cells(Figures21Band21 

Crespectively)inmicetreatedwithCXCR4/JL1O-MSCswithrespecttotheGvHD 

controlgroupofmicenottreatedwithAdMSCs(Figure21).Nodifferenceswere 

observedbetweenthegroupswithrespecttotheotherexhaustionmarkersanalyzed.  

15 FlowcytometricanalysesofBcellsinthespleenshowedthattherewasnochangein 

thenaiveBcellsubpopulationbetweenthenon-MSCtreatedgroupandthegroups 

receivinganytypeofAdMSCs.HoweverthepercentageoftransitionalBcellsthose 

thathavenotyetdifferentiatedtoantibody-producingBcellswashigherinmicethat 

receivedCXCR4/JL1O-MSCs(34.78+7.090o)comparedtothegroupthatreceived 

20 WT-MSCs(24.3+5. 180o)andtheGvHDcontrolgroupnotinfusedwithanyMSCs 

wasobservedonlyinthegroupthatreceivedCXCR4/JL1O-MSCs(Figure22).  

TheseresultssuggestedthatWT-MSCsandmoremarkedlyCXCR4/JL1O-MSCswere 

maintainingtheBcellpopulationinatransitionstatewithoutcompletingtheir 

25 differentiationintomemoryBcellsorplasmacells 

ThepercentageofBregcellsinthetransitionalBcellpopulationwashigherinmice 

thatreceivedWT-MSCs(Figure23A).Furthermorethispercentagewasstatistically 

higherinmiceinfusedwithCXCR4/JL1O-MSCs.Thesamepatternwasobserved 

amongthepopulationofmemoryBcellssecretingILlO(Figure23B).  

30 TakentogethertheseresultssuggestthattheinfusionofCXCR4/JL1O-MSCsnotonly 

significantlyfavorsthedevelopmentofTcellswithanimmunoregulatoryphenotype 

24 

(17.47±2.210'4FinallyaslightdecreaseinthepercentageoffullydifferentiatedBcells
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withrespecttoWT-MSCsbutisalsoimprovesthedevelopmentofBcellswitha 

beneficialeffectagainstthedevelopmentofGvHD.  

DuringthefinalphaseofacutehumanGvHDdonoreffectorTcellsmediatetissue 

injuryindifferentorgansthroughdirectcytotoxicactivityortheinflammatorycytokine 

5 production.HistopathologicalsignsofGvHDwereanalyzedintargetorgansofthis 

diseasesuchasthelungsorliver.Histologicalanalysisofthelungsshowedthatmice 

thatreceivedCXCR4/IL1O-MSCspresentedmuchreducedinfiltrationofhumanTcells 

intheparenchymawithrespecttotheothertwogroupswhichshowedastructure 

similartothecontrolgroupwithoutdisease(Figure24A).Byquantifyingthepresence 

10 ofhumanCD3+ andCD8+TcellsitwasfoundthattheinfusionofanytypeofAd

MSCsreducedthepercentageofbothcelltypesinthelung.Remarkablythereduction 

wasmuchmoresignificantbothforhumanCD3~cells(Figure24B)andCD8~cells 

(Figure24C),inmicetreatedwithCXCR4/JL1O-MSCs.  

ThehistopathologicalanalysisoftheliveroftransplantedmiceshowedhumanTcell 

15 infiltrationlevelsoftheparenchymaandalsoperivascularinflammationwhichwere 

muchreducedaftertheinfusionofanytypeofAd-MSCs.Evenmorethisinflammation 

waspracticallynon-existentinmicetreatedwithCXCR4/IL1O-MSCs(Figure25A).On 

theotherhandtheadministrationofAd-MSCssignificantlyreducedthepresenceof 

humanCD3~andCD8~cellsintheliverbeingthisreductionmuchmoresignificant 

20 whenmicereceivedCXCR4/JL1O-MSCs(Figures25Band25C) 

andILlOinanexperimentalmodelofinflammatoryboweldisease(IBDJinduced 

byDextransulphate(DSSJ 

WealsotestedtheinvivoefficacyofgeneticallymodifiedMSCexpressingCXCR4and 

25 ILlOinanewexperimentalmodelofinflammation:inflammatoryboweldisease(JBD) 

inducedbyDSS.  

AccordingtotheexperimentaldesignshowninFigure26(MaterialsandMethods),the 

diseaseactivityindex(DAJ)incoliticmicetreatedwithasingledoseofCXCR4/JL10

MSCswassignificantlylowereithercomparedtomicenottreatedwithMSCsorwith 

30 micetreatedwithWT-MSCs(Figure27A).Alsosignificantdifferenceswereobserved 

whenthebodyweightloss(Figure27B)andthesurvivalrate(Figure2FC)of 

CXCR4/JL1O-MSCstreatedmicewerecomparedtotheWT-MSCandthenon-MSC 

25 

Example2.9.EnhancedefficacyofCXCR4fIL1O-MSCsstablyexpressingCXCR4
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treatedgroupsduringthefirst7-dayDSScycle.Histologicallybetterpreservedcolon 

morphologyandanattenuatedleukocyteinfiltrationwereobservedinCXCR4/JL1O

MSCstreatedcoliticmicewithrespecttonon-MSC-infusedcoliticmice(Figure27D) 

Tostudythelong-termeffectsinducedbyCXCR4/IL1O-MSCsincoliticmice 

5 experimentswereconductedaccordingtotheexperimentaldesigndepictedinFigure 

26.Asecondchallengewitha7-dayDSScyclewasconductedfollowingalatency 

periodofthreemonthsfromthefirstDSStreatment.InfusedCXCR4/JL1O-MSCs 

inducedasignificantlyreducedDAJ(Figure28A),aswellaslesspronounceddecrease 

inbodyweight(Figure28B)andsurvival(Figure28C),withrespecttonon-MSC

10 infusedcoliticmice.  

These data show that CXCR4/JL1O-MSCs have increased immunomodulatory 

propertiescomparedtoWT-MSCsinaDSS-inducedmodelofcolitisindicatingthat 

thesegenetically-modifiedMSCsmayrepresentamorepotentMSC-basedcelltherapy 

26 

productforthetreatmentofinflammatoryboweldiseasescomparedtoWTMSCs.
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CLAIMS 

1. ADNAexpressioncassettecomprising: 

a. Promoter 

5 b. Asequenceencodingthechemokinereceptortype4CXCR4and 

c. AsequenceencodinginterleukinIL-i0.  

2. Theexpressioncassetteaccordingtoclaim1,characterizedinthatthesequence 

encodingthechemokinereceptortype4CXCR4isSEQIDNO:1andthe 

sequenceencodinginterleukinIL-lOisSEQlIDNO:3.  

10 3 Theexpressioncassetteaccordingtoanyoftheclaims1or2,further 

comprisingaregulatoryelementforincreasingtransgeneexpression.  

4. Theexpressioncassefteaccordingtoanyoftheclaims1to3,whereinthe 

regulatoryelementisthewoodchuckhepatitisvirusregulatoryelement(WPRIE) 

RNAexportsignalsequenceorafunctionalvariantorfragmentthereof 

15 5 Theexpressioncassefteaccordingtoanyoftheclaims1to4,further 

comprisingbetweenthesequenceencodingthechemokinereceptortype4 

CXCR4andthesequenceencodinginterleukinIL-10,asequencewhichencodes 

anautocatalyticpeptide.  

6. Theexpressioncassefteaccordingtoanyoftheclaims1to5,whereinthe 

20 autocatalyticpeptideisE2ApreferablySEQIDNO:2.  

promoterisahumanphosphoglyceratekinase(PGK)promotersequenceora 

functionalhomologorvariantthereof 

8. Theexpressioncassetteaccordingtoanyoftheclaims1to7,comprisinginthe 

25 order5'to3 

a. Ahumanphosphoglyceratekinase(PGK)promotersequenceora 

functionalhomologorvariantthereof 

b. Asequenceencodingthechemokinereceptortype4CXCR4 

c. AsequenceencodingtheautocatalyticpeptideE2A 

30 d. AsequenceencodinginterleukinJL-10and 

e. Thewoodchuckhepatitisviruspost-transcriptionalregulatoryelement 

RE.  

27 

7. Theexpressioncassefteaccordingtoanyoftheclaims1to6,whereinthe
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9. Theexpressioncassetteaccordingtoanyoftheclaims1to8,comprisinginthe 

order5'to3~9 

a. Ahumanphosphoglyceratekinase(PGK)promotersequenceora 

functionalhomologorvariantthereof 

5 b. SEQIDNO:1encodingthechemokinereceptortype4CXCR4 

c. SEQIDNO:2encodingtheautocatalyticpeptideE2A 

d. SEQIDNO:3encodinginterleukinIL-lOand 

e. Thewoodchuckhepatitisviruspost-transcriptionalregulatoryelement 

RE.  

10 10.Arecombinantgenedeliveryintegrativevectorcomprisingtheexpression 

cassetteofanyoftheclaims1to9.  

11. Therecombinantgenedeliveryintegrativevectorofclaim10characterizedin 

thatitisalentiviralvector.  

12.Acellcomprisingtheexpressioncassetteofanyoftheclaims1to9orthe 

15 recombinantgenedeliveryintegrativevectorofanyofclaims10or11 

13. Thecellaccordingtoclaim12,characterizedinthatitisamesenchymalstem 

cellderivedfrombonemarrowplacentaumbilicalcordamnioticmembrane 

menstrualbloodperipheralbloodsalivaryglandskinandforeskinsynovial 

fluidamnioticfluidendometriumadiposetissuecordbloodandIordental 

20 tissue.  

14.Apharmaceuticalcompositioncomprisingtherecombinantgenedelivery 

13andoptionallyapharmaceuticallyacceptableexcipientorcarrier.  

15. Genedeliveryintegrativevectorofanyofclaims10or11, orthecellofanyof 

25 theclaims12or13foruseasmedicament.  

16.Genedeliveryintegrativevectorofanyofclaims10or11, orthecellofanyof 

theclaims12or13foruse accordingtoclaim15,inthetreatmentof 

inflammatorydiseases.  

17.Genedeliveryintegrativevectorofanyofclaims10or11orthecellofanyof 

30 theclaims12or13foruseaccordingtoanyoftheclaims15or16inthe 

treatmentofGraft-versus-hostdisease(GvHD),sepsisrheumatoidarthritisor 

inflammatoryboweldisease.  

28 

integrativevectorofanyofclaims10or11, orthecellofanyoftheclaims12or



























































































                         SEQUENCE LISTING

<110>  Fundación Instituto de Investigación Sanitaria Fundación Jiménez Díaz 
(FIIS‐FJD)
       Centro de Investigaciones Energéticas, Medioambientales y Tecnológicas, 
O.A., M.P. (CIEMAT)

        Consorcio Centro de Investigación Biomédica en Red, M.P. (CIBER)
 
<120>  MESENCHYMAL STEM CELLS CO‐EXPRESSING CXCR4 AND IL‐10 AND USES 
       THEREOF

<130>  905 345

<160>  3     

<170>  PatentIn version 3.5

<210>  1
<211>  1068
<212>  DNA
<213>  Artificial sequence

<220>
<223>  Artificial sequence

<400>  1
atgtcaatcc ccctgccact gctgcagatc tacacaagcg ataactacac cgaagaaatg       60

ggctccggcg actacgactc tatgaaggag ccatgcttca gggaggaaaa cgccaatttc      120

aacaagatct ttctgcccac aatctacagc atcatttttc tgactggaat cgtgggaaat      180

ggcctggtca ttctggtcat gggctaccag aagaaactgc gatccatgac tgacaagtat      240

cggctgcacc tgtctgtcgc agatctgctg ttcgtgatca ccctgccatt ttgggccgtc      300

gacgccgtgg ctaattggta tttcggcaac tttctgtgca aagccgtcca cgtgatctac      360

acagtcaatc tgtatagctc cgtgctgatc ctggctttca ttagtctgga tcgctacctg      420

gcaattgtgc atgccactaa cagccagcgg cccagaaagc tgctggctga gaaagtggtc      480

tatgtcgggg tgtggatccc cgcactgctg ctgaccatcc ctgacttcat ttttgccaat      540

gtgagcgaag ctgacgatag gtacatttgt gaccgctttt atcctaacga tctgtgggtg      600

gtcgtgttcc agtttcagca catcatggtc gggctgattc tgccaggaat tgtgatcctg      660

tcatgctact gtatcattat cagcaagctg tcccactcta aaggccatca gaagcgaaaa      720

gccctgaaga ccacagtgat tctgatcctg gctttctttg catgctggct gccctactat      780

attgggatca gcattgattc cttcatcctg ctggagatta tcaagcaggg ctgtgagttt      840



gaaaataccg tgcacaaatg gatctccatt acagaagcac tggccttctt tcattgctgt      900

ctgaacccta tcctgtatgc tttcctgggc gcaaagttta aaacttccgc ccagcatgct      960

ctgaccagtg tgtcaagagg ctctagtctg aaaatcctgt ctaaggggaa aaggggcggg     1020

cactcaagcg tgtctacaga gagtgaatcc tctagtttcc attcaagc                  1068

<210>  2
<211>  60
<212>  DNA
<213>  Artificial sequence

<220>
<223>  Artificial sequence

<400>  2
caatgtacta actacgcttt gttgaaactc gctggcgatg ttgaaagtaa ccccggtcct       60

<210>  3
<211>  537
<212>  DNA
<213>  Artificial sequence

<220>
<223>  Artificial sequence

<400>  3
atgcattcat ccgctctgct gtgctgtctg gtgctgctga ccggcgtgcg ggcaagtcca       60

ggccagggaa ctcagtccga aaactcctgc acccacttcc ccgggaacct gcctaatatg      120

ctgcgagacc tgcgggatgc ctttagcagg gtgaaaacat tctttcagat gaaggaccag      180

ctggataacc tgctgctgaa agagagcctg ctggaagact tcaagggcta cctggggtgt      240

caggctctgt ccgaaatgat ccagttttat ctggaggaag tgatgccaca ggcagagaac      300

caggaccccg acatcaaggc ccacgtcaac tctctgggag agaatctgaa gactctgagg      360

ctgcgcctgc ggagatgcca tagattcctg ccctgtgaga ataagtctaa agccgtggaa      420

caggtcaaaa acgcttttaa taagctgcag gagaaaggca tctacaaggc tatgagtgaa      480

ttcgacatct tcatcaacta catcgaggca tatatgacca tgaagattcg caattga         537
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