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HUMANIZEDMOUSEMODELSFORASSESSINGIMMUNECELLTHERAPY 

RELATEDAPPLICATIONS 

Thisapplicationclaimspriorityunder35U.SinC.§119(e)toU.S. Provisional 

5 ApplicationNo.63/083,003,filedonSeptember24,2020,andU.S.ProvisionalApplication 

No.63/083,016filedonSeptember24,2020,theentirecontentsofeachofwhichis 

incorporatedbyreferenceherein.  

BACKGROUND 

10 Adoptivecelltherapy(ACT),suchaschimericantigenreceptor(CAR)immunecell 

therapy(e.g., CARTcelltherapyorCAR-naturalkillercell(CAR-NK)therapy)hasbecome 

arevolutionarynewcancertreatment.Ithasproventobeaneffectivenewtreatmentfor 

hematologicalmalignanciesandiscurrentlybeingdevelopedtotreatsolidtumorcancers.  

ACTutilizesgenetransfertoreprogramimmunecellsexpressinganengineeredantigen 

15 receptorwhichenablesimmunecells(e.g., TcellsBcellsand/ornaturalkiller(NK)cells) 

torecognizeandtarget(bindto)cellsurfaceantigensspecifictoadiseasedcellsuchasa 

tumorcellfurthereliminatingdiseasedcellscarryingtheantigen.Currentlytherearethree 

FoodandDrugAdministration(FDA)-approvedCARTcellproductsforexample:twofor 

thetreatmentB-celllymphomaoneforthetreatmentofadvancedmantlecellIvU mphoma 
20 (MOL)SimilarlyNKc&~JNf3iay'a~ fiPstk~J1 Jt~(1~tfr ~sth~ e 6 

againstvirally 
S i-U andmualionantcells.  

SUMMARY 

ThemostcommonsideeffectsofimmunecelltherapysuchasACT(e.g., CART 

25 cellCARBcelland/orCARNKcelltherapy)arecytokinereleasesyndrome(CR5)and 

encephalopathysyndrome(neurotoxicity) twomajorcomplicationsthatcanleadto 

significantmorbidityandmortality.CR5isacytokine-mediatedsystemicinflammatory 

responsecausedbymultiplecytokinesfollowinginvivoimmunecell(e.g., TcellBcellNK 

cell)activationandexpansion.Immunecellscomprisinganengineeredantigenreceptor(i.e.  

30 engineeredimmunecells),diseasedcells(e.g., tumorcells),andotherimmunecellscan 

releasecytokinesandcontributetotheinductionofCR5. Themaincytokinesassociatedwith 

pathogenesisofCR5includeinterleukin(IL)6,ILlOinterferon(JFN)-ymonocyte 

chemoattractantprotein1(MCP-1), andgranulocyte-macrophagecolony-stimulatingfactor 

(GM-CSF).Severalothercytokinesincludingbutnotlimitedtotumornecrosisfactor(TNF), 
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ILl, 1L2,1L2receptoralpha(JL2Rct),and1L8havealsobeenimplicatedinCRS 

development.AlthoughthemechanismofCRSremainstobebetterunderstoodseveral 

factorscontributingtothistoxicityincludethestructureofthechimeraantigenreceptorhigh 

tumorburdenhigherengineeredimmunecell(e.g., TcellBcellNKcell)infusiondoseand 

5 otherpatient-specificfactorssuchaspre-existentstateofinflammationandbaseline 

endothelialactivation.ToovercomethetoxicityofCRSoneapproachforCRStreatmentis 

toapplyanti-cytokinetherapyearlyintheCRSdevelopmenttopreventdevelopedintolife

threateninghigh-gradeCRS. Currentlytocilizumab(1L6antagonist)isapprovedbytheFDA 

forthetreatmentofsevereorlife-threateningengineeredimmunecell(e.g., TcellBcellNK 

10 cell)inducedCR8.  

PreclinicalmodelsofCR8areusefulforidentifyingagentseffectiveforCR8 

treatmentthatdonotinterferewiththecytokine-mediatedanti-tumoreffectsofengineered 

immunecells(e.g., CARTcellsCARBcellsorCARNKcells).Inadditionpreclinical 

modelsofCR8arehelpfulforevaluatingwhichengineeredimmunecells(e.g., TcellsB 

15 cellsNKcells)(e.g., whichspecificCARconstruct)inducetheleastCR8andremain 

therapeuticallyeffective.  

Anadditionalneedhascomefromtheadvancementofuniversalallogeneic 

engineeredimmunecell(e.g., CARTcellCARBcellorCARNKcell)therapieswherethe 

sameengineeredimmunecellisutilizedacrossapatientgrouporpopulationandthereis 

20 presentlynopre-screenforsafetyandefficacyavailable(seee.g., ZhaoJetal.Journalof 

modelstoservethesepurposes.Thosethatareavailableareeithernotrepresentativeofallthe 

varioustypesofimmunecellsthatcontributetoCR.SinductionaTm.thetumor 

microenvironmentorrequirelaboriousmodeldevelopmentand i 4, ~A,4 ~ 

25 CfcellBcelLNYcell) a 

I A, 

Itshouldbeunderstoodthatthetermengineeredimmunecell"hereinreferstoany 

immunecell(e.g., TcellBcellorNKcell)thatcomprises(e.g., expresses)anengineered 
'U antigenreceptori.e.anon-naturally-occurringreceptorthatspecificallybindstoacell 

surfaceantigenofinterest.Forexample, a"CARimmunecell"suchasa"CARTcell"is 

30 consideredanengineeredimmunecell."Otherexamplesofengineeredimmunecellsinclude 

TcellswithanengineeredTcellreceptor(TCR),engineered(e.g.,edited)tumorinfiltrating 

lymphocytes(eTIL)andengineeredregulatoryTcells(eTregs).  

Someaspectsofthepresentdisclosureprovideamethodcomprising:administering 

humanimmunecellsandhumanperipheralbloodmononuclearcells(PBMCs)toan 

Hematology&Oncology2018~11(132))~howevercurrentlytherearelimitedpreclinical
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immunodeficientmousewhereinthehumanimmunecellscompriseanengineeredreceptor 

thatspecificallybindstoacellsurfaceantigenonthediseasedhumancellsandthe 

immunodeficientmousehasbeenengraftedwithdiseasedhumancells;andassayingthe 

immunodeficientmouseforsymptomsofCRSand/orefficacyofthehumanimmunecells.  
Insomeembodimentsthemethodfurther S 

compnsesadministeringthediseased 

humancellstoanimmunodeficientmouse.  

InsomeembodimentsthehumanimmunecellsareselectedfromTcellsBcells, 

naturalkiller(NK)cellsmonocytesdendriticcellsandneutrophils.  

Insomeembodimentsthehumanimmunecellsaregenomically-modifiedimmune 

10 cells.  

InsomeembodimentstheengineeredreceptorisaCAR.  

InsomeembodimentsthehumanimmunecellisaTcellwithanengineeredCAR.  

InsomeembodimentstheengineeredreceptorisaTcellreceptor(TCR).  

InsomeembodimentsthehumanimmunecellisaTcellwithanengineeredTCR.  

15 InsomeembodimentsthehumanimmunecellsareregulatoryTcells(Tregs).  

Insomeembodimentsthehumanimmunecellsaretumor-infiltratinglymphocytes 

(TILs).  

Insomeembodimentsthediseasedhumancellsareselectedfrombloodcellsmuscle 

cellsandneuronalcells.  

20 Insomeembodimentsthediseasedhumancellsaretumorcells.  

Insomeembodimentsthediseasedhumancellsarecancerouscells.  

Insomeembodimentsthediseasedhumancellsarenon-cancerouscells.  

InsomeembodimentsthePBMCsandthehumanimmunecellsareautologous.  

25 InsomeembodimentsthediseasedhumancellsthePBMCsandthehumanimmune 

cellsareautologous.  

InsomeembodimentsthePBMCsandthehumanimmunecellsareallogeneic.  
Insomeembodimentsthemethodfurther S 

compnsesirradiatingtheimmunodeficient 

mousepriortoadministeringthehumanimmunecellsandthehumanPBMCstoan 

30 immunodeficientmouse.  

InsomeembodimentsthehumanimmunecellsandthehumanPBMCsare 

administeredsimultaneously.  
Insomeembodimentsthemethodfurther S 

compnsesadministeringtothe 

immunodeficientmouseacandidateagentfortreatingCRSpriortotheassaying.  

Insomeembodimentsthetumorcellsareprimarytumorcells.
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Insomeembodimentsthemouseisanon-obesediabetic(NOD)mouse.  

InsomeembodimentsthemousecomprisesanullmutationinaPrkdcgeneanda 

nullmutationinanIl2rggene.  

InsomeembodimentsthemousehasaNOD~Cg.~PrkdcscidIL2rgtm]wflISzJgenotype.  
Insomeembodimentsthemouselacksfunctional S 

majorhistocompatibilitycomplexI 

(MHCI)andmajorhistocompatibilitycomplexII(MHCII).  

InsomeembodimentsthemousecomprisesanullH2-Ab]gene.  

InsomeembodimentsthemousecomprisesanullMHCClassIH2-KIgene.  

InsomeembodimentsthemousecomprisesanullMHCClassIH2-D]gene.  

10 InsomeembodimentsthemouseisaNOD.Cg~PrkdcSCidH2~K]tmJBPeH2~AbYmIMvw 

H2~D]tm]BPeIl2rgtmIwil/SzJmouse(NSG~(KbDb)null(IAn"")mouse).  

Insomeembodimentstheassayingcomprisesmeasuringacirculatinglevelofa 

cytokineselectedfromthegroupconsistingof:interleukin(IL)-6,ILlOinterferon(IFN)-y, 

monocytechemoattractantprotein1(MCP-1), granulocyte-macrophagecolony-stimulating 

15 factor(GM-CSF),tumornecrosisfactor(TNF),IL-1, IL-2,IL-2-receptoralpha(IL-2Ra),IL

8,IL-4,IL-18andmacrophageinflammatoryprotein(MIP)4.  
Insomeembodimentsthemethodfurther S 

compnsesdeterminingthatthelikelihood 

ofCRSinductionishighwhen: 

ahumanIFN-ylevelinthemouseis>1,800pg/ml±10%; 

20 ahumanIL-lOlevelinthemouseis>120pg/ml±10%; 

ahumanIL-2levelinthemouseis>80pg/ml±10%; 

ahumanIL-4levelinthemouseis>120pg/ml±10%, 

ahumanTNFilevelinthemouseis>120pg/ml-F10%; 

25 ahumanIL-Slevelinthemouseis>15pg/ml±10%; 

ahumanMCP-1levelinthemouseis>120pg/ml±10%;and/or 

ahumanGM-CSFlevelinthemouseis>600pg/ml±10%.  
Insomeembodimentsthemethodfurther S 

compnsesassayingthemousefor 

macrophageactivationsyndrome(MAS).  

30 InsomeembodimentsthelikelihoodofMASisdeterminedbymeasuringthe 

circulatinglevelsofIL-6,IL-1and/orIFN-y.  
Insomeembodimentsthemethodfurther S 

compnsesassayingthemousefor 

neurotoxicity.  

ahumanIL-6levelinthemouseis>25pg/ml±10%;
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Insomeembodimentsthelikelihoodofneurotoxicityisdeterminedbymeasuringthe 

circulatinglevelsofJFN-yJL-6,and/orTNF-ct.  
Insomeembodimentsthemethodfurther S 

compnsesperformingaserumbiochemical 

analysisofliver-kidneyfunction.  

5 Insomeembodimentstheserumbiochemicalanalysiscomprisesmeasuringthe 

levelsofatleastoneofthefollowingmarkers:aspartatetransaminase(AST),albumintotal 

bilirubincreatinineorbloodureanitrogen.  
Insomeembodimentsthemethodfurther S 

compnsesdeterminingwhetherthe 

candidateagentreducesthelevelofoneormorecirculatingcytokines.  

10 Insomeembodimentsthemethodcomprisesdeterminingthatthecandidateagent 

doesreducethelevelofoneormorecirculatingcytokineswhenthecirculatinglevelofthe 

oneormorecytokinesisreduced30-100%inamouseadministeredthehumanimmunecells 

andthecandidateagentrelativetoamouseadministeredthehumanimmunecellswithout 

thecandidateagent.  

15 Insomeembodimentsthediseasedhumancellsarehumantumorcellsandthe 

assayingcomprisesmeasuringgrowthofthehumantumorcells.  

Insomeembodimentsthegrowthofthehumantumorcellsismeasuredovertime.  

Insomeembodimentsareductionintumorvolumeof20%ormorerelativetoa 

controlmousethatwasnotadministeredthehumanimmunecellsisindicativeofefficacy.  

20 Insomeembodimentsareductionintumorburdenof20%ormorerelativetoa 

Insomeembodimentsthegrowthofthehumantumorcellsisusedtodetermine 

progression-freesurvivaltumorvolumedoublingtimerelativetumorvolumetumorgrowth 

inhibitionortumorgrowthrate.  

25 

BRIEFDESCRIPTIONOFTHEDRAWINGS 

FIG.lAprovidesdatademonstratingthatirradiatedMHCclass1111knockout(KO) 

NSGTMmicehadincreasedcytokinereleasecomparedtocontrolunirradiatedmiceafter 

CD19CARTcelltreatment.FIG.lBprovidesdatademonstratingthatunirradiatedmice 

30 (D1O)andirradiatedmice(D9)hadsimilartumorburdenuponCARTcelltreatment.  

FIG.2AprovidesdatademonstratingthatCD22CARTcelltreatmentinmicewith 

lowtumorburdenefficientlyblockedRaji-LuctumorgrowthinbothNSGTMandRaji-Luc 

NSGClass1111KO(DKO).FIG.2Bprovidesdatashowingverylowlevelsofhuman 

controlmousethatwasnotadministeredthehumanimmunecellsisindicativeofefficacy.
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cytokineinductionafterCD22CARTcellinfusioninboththeRaji-LucNSG T M andRaji

LucNSGT M JillKOmodels.  

FIG.3Aprovidesdatademonstratingthatincreasedcytokinelevelswerecorrelated 

withhightumorburdenfollowingCD19CARTcelltreatmentintheRaji-Lucmodel.FIG.  

5 3BprovidesdatademonstratingthatCD19CARTcelltreatmentinmicewithahightumor 

burdenwaspoorlyeffectivewhileCD19CARTcelltreatmentinmicewithalowertumor 

burdencanpreventtumorprogression.  

FIG.4showsatime-courseofcytokinereleasefrommoderatetumorburdenmice 

followingautologousperipheralbloodmononuclearcell(PBMC)engraftment/CD19CART 

10 celltreatmentcomparedtomicewithCD19CARTcelltreatmentalone(noPBMC)or 

PBMCengraftmentalone(noCARTcells).  

FIG.SAprovidesdatademonstratingthatautologousCD22CARTcelltreatmentin 

PBMChumanizedDKOmiceblocked S.  

Raji-Luctumorprogression.FIG.5Bprovidesdata 
demonstratingthatautologousCD22CARTcelltreatmentinPBMChumanizedDKOmice 

15 inducedhigherhumancytokinereleasecomparedtomockTcelltreatment.  

FIG.6Aprovidesdatashowingincreasedcytokinereleasefrommicewithamoderate 

tumorburdenfollowingCD19CARTcell/PBMCtreatmentcomparedtomicereceiving 

CD19CARTcellswithoutPBMChumanizationFIG.6Bshowsaninvivobioluminescence 

imaging(BLI)plotusingaverageradiancetoquantitativelymeasuretumorburden.FIG.6C 

20 showsthebioluminescenceimagesofthesemiceatdifferentexperimentdays.  

7Aleft),mousebodyweightchange(FIG.7A, nght),andcytokinerelease(FIG.7B).  

FIGs.SA-SCaregraphsshowingdatafromCARTcelltherapyinPBMChumanized 

micecomparedtocontrolmice.Tumorburden(FIG.8A),bodyweight(FIG.8B),andlevels 

25 ofhumaninterferon(JFN),tumornecrosisfactor(TNF),interleukin-10(IL-10),andJL-6 

(FIG.8C)areshown.  

FIGs.9A-9CaregraphsshowingtheefficacyofallogeneicCD19CARTfrom 

differentPBMChumanizedmicehavingaRajiLuctumor.Tumorburdenimaging(FIG.  

9A),flowanalysisoftheCD3-CD19+cellpopulation(FIG.9B),andbodyweightloss(FIG.  

30 9C)areshown.  

FIGs.1OA-1OCaregraphsshowinglevelsofJFN(FIG.1OA),IL-lO(FIG.lOB),and 

JL-6(FIG.lOC)indifferentPBMChumanizedmicewith S.  

RajiLuctumorfollowing 
allogeneicCD19CARTtreatmentattwotimepoints.  

FIGs.7A-7BaregraphsshowingtheeffectofCARTdosageontumorburden(FIG.
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FIGs.hA-liDshowthevariationofcytokinereleaseandtoxicityfromdifferent 

PBMChumanizedmicefollowingautologousCD19CARTtreatment.Theprotocolisshown 

schematicallyinFIG.hA. FIG.hRshowsthepercentageofCD3-CD19+cellsafter 

treatment.FIG.liCshowsbodyweightovertimeandFIG.liDdepictscytokinelevels 

5 followingtreatment.  

DETAILEDDESCRIPTION 

Engineeredimmunecelltherapiessuchaschimericantigenreceptor(CAR)immune 

celltherapiesandotherengineeredimmunecelltherapiesusegenetransfertoreprogram 

10 immunecells(e.g., TcellsBcellsNKcells)sothattheyexpressatleastoneengineered 

antigenreceptor(e.g., CARorTCR),enablingtheresultingimmunecellstorecognizeand 

targetcellsurfaceantigensspecifictoaparticulardisease(e.g., cancer)orcelltype.For 

exampleCARTcellseliminatemalignantcellsafterrecognizingandbindingtothem.Inthis 

wayengineeredimmunecell(e.g., TcellBcellorNKcell)therapyisusedtotreat 

15 hematologicalmalignanciesandiscurrentlybeingdevelopedtotreatsolidtumorcancers.  

Similarlyengineeredimmunecellscanbeusedtotarget(e.g., bindto)cellsurfaceantigens 

specifictodiseasedcells(e.g., thoseassociatedwithcardiovasculardiseasemetabolic 

diseaseorotherpathologicalstates).  

EngineeredimmunecelltherapiessuchasengineeredTcelltherapieshaveseveral 

20 knownsideeffectssuchascytokinereleasesyndrome(CRS)andTcell-related 

significantmorbidityandmortality.  

I- additioria.iora.kttrnavivecancerunutiunotherapy.1 theuseofCARsusedto 
reprogramnaturalkillercellsCARnaturalkillercell(CAR -'p 

NEDtherapycanbeanoff~the~ 

universaL)therap½asNKcellsdonotrequirestricthumanieukocvteanti~en 

(HLA~rna.tchin2orcarrytheriskof~raft~ve. rsusiostdisease.CARNKtherapyis 
'I. N atior~ J 

(i(tvekqlingasprnnary K~ ±1 )kil ~5 652XL)&TISIOfl~andtraxisducilonarestillbeing~:rfii'ied~ 
OtherS I, 

UTh¶UUfl.CcellssuchasBcellsdendriticceIits~imdnocvtes;macrophagcsand 

'El 

meuiirophilsinayalsobereprogram.edtoexpmtssatleastoneenxiJ:ieeredanbten~:rceptor 

30 (e4g~~,CARorrJtJ~() 

Themousemodelsdescribedhereinmaybeusedtoassesswhetheraparticular 

engineeredimmunecell(e.g., CARorTCRimmunecell(e.g., TcellBcellNKcell)) 

therapyislikelytobeassociatedwithCRSorothersideeffects.Themousemodelsdescribed 

hereinarehumanizedandthereforeincludehumanimmunecells(e.g., Tcellsmonocytes 

encephalopathysyndrome(neurotoxicity).Eitherorbothcomplicationscanleadto
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andNKcells)whichmaycontributetocytokinerelease.Inthiswaythemousemodels 

describedhereinmorepreciselyrepresentinvivoCRSinductionandenableamoreaccurate 

assessmentofhumancytokinerelease.Themousemodelsdescribedhereinarealsousefulfor 

identifyingagentseffectivefortreatingCRSwithoutinterferingwiththetherapeuticefficacy 

5 oftheengineeredimmunecellssuchasimmunecellsexpressingaCAR(thetherapeutic 

effectsofwhichareoftenmediatedbythereleaseofcytokines).Likewisethemousemodels 

describehereinmaybeusedtoidentifyengineeredimmunecells(e.g., CARimmunecells 

e.g., whichCARconstructsareeffectivefortreatingcertaindiseases(e.g., cancers)without 

inducingCRS.  

10 

EngineeredImmuneCellTherapies 
Insomeembodimentsthehumanimmunecell S 

compnsesanengineeredreceptorthat 

specificallybindstoacellsurfaceantigenonadiseasedhumancell.Insomeembodiments 

thehumanimmunecellisonethatmaybeusedinadoptivecelltherapy(ACT).Asused 

15 herein"adoptivecelltherapy(ACT)referstoacell-basedimmunotherapythatrelatestothe 

transfusionofautologousorallogenicimmunecellsgeneticallymodifiedornotthathave 

beenexpandedexvivopriortothetransfusion.Thehumanimmunecellsinsome 

embodimentsareengineeredimmunecells.  

InsomeembodimentstheengineeredreceptorisanengineeredTcellreceptor 

20 (eTCR).Asdescribedherein eTCR"referstoadimericheterologouscellsurfacesignaling 

proteinforminganalpha-betaorgamma-deltareceptortypicallyinvolvedinrecognizingan 

antigenpresentedbyamajorhistocompatibilitycomplex(MHC)molecule(i.e antigen 

recognitioninthecontextofanMHCmolecule).ThisdiffersfromCARTcelltherapyin 

whichantibodyfragmentsthatbindtospecificsurfaceantigensofcancercellsareused.In 

25 someembodimentseTCRsaremodifiedtotargetorrecognizehistocompatibilityantigen1 

(HAl),Wilmstumor1(WT1),cytomegalovirus(CMV),melanomaantigen(MAGE), 

glycoprotein100(gplOO),MAR-ihumanpapillomavirus-16E6protein(HPV-16E6),New 

Yorkesophagealsquamouscellcarcinoma(NY-ESO-1),hepatitisBvirus(HBV),protein53 

(P53),carcinoembryonicantigen(CEA),HPVE7HJVgag-specificpeptideSLYNTVATL 

30 (SL9),transforminggrowthfactor-beta2(TGFf32),monocytechemotacticprotein(MCPyV), 

TNF-relatedapoptosS 
15- inducinghgand(TRAIL), preferentiallyexpressedantigenin 

melanoma(PRAME),Epstein-Barrvirus(EBV),orKirstenratsarcomavirus(KRAS)(Zhao 

etal.,Front.Immunol.,11October2019).Insomeembodimentsthehumanimmunecellis 

aTcellwithaneTCR.  

S
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Insomeembodimentsthehumanimmunecell S 

compnsesanengineeredtumor

infiltratinglymphocyte(TIL).InTILtherapy(orengineeredTILtherapyeTILtherapy), 

TILsareremovedfromasubjectstumor(e.g.,duringabiopsyorsurgicalresection)and 

grownandexpandedexvivowithinterleukin-2(JL-2)and/orothercytokines.TheTILs 

5 whicharenaturallypresentinsometumorsandarecapableofrecognizingandkillingcancer 

cellsarethenadministeredtothesubject(e.g.,byinfusion).InsomeembodimentstheTILs 

areengineeredTILs(eTILs),whichhavebeenmodifiedtoincreasetumorhomingability, 

cytotoxicityand/ortoimprovelongevity(preventexhaustion)(Jimenez-ReinosoetalFront.  

Oncol.,16February2021).ForexampleinsomeembodimentstheeTILsmaybetransfected 

10 withTRAILIL-12,CXCL8,and/orCXCR2.  

InsomeembodimentsthehumanimmunecellisaregulatoryTcell(Treg).Asused 

hereinaIregulatoryTcell"(Treg),alsoknownasasuppressorTcellisasubpopulationof 

Tcellsthatmodulatetheimmunesystemmaintaintolerancetoself-antigensandprevent 

autoimmunedisease.TregsareCD4~CD25~FoxP3~immunosuppressiveandgenerally 

15 suppressordownregulateinductionandproliferationofTeffectorcells.Insome 

embodimentsadministrationoftheTregsmaytreatorpreventcancer.Forexampleithas 

beenfoundthatadministrationofTregsdownregulatesinflammationblockingthe 

developmentofbacteria-triggeredcolitisandcolorectalcancer(Poutahidisetal., 
S 

Carcinogenesis.2007Dec;28(12):2614-23.doi:10.1093/carcin/bgmlSO.Epub2007Aug27).  

20 InsomeembodimentstheTregscomprisea S antigenreceptor(CAR)asdescribed 

below(Mohsenietal.,Front.Immunol.,24July2020). Itshouldbeunderstoodthat 

therapiesfortreatingcancerthedisclosureisnotsolimited.Themousemodelsdescribed 

hereinmaybeusedtoassessa mynadofengineeredimmunecelltherapiesparticularlythose 

25 associatedwiththeinductionofCRS.Thusinsomeembodimentsthehumanimmunecells 

arehumanTcells.InsomeembodimentsthehumanimmunecellsarehumanBcells.In 

someembodimentsthehumanimmunecellsarehumanNKcells.Insomeembodimentsthe 

humanimmunecellsarehumanCARTcells(e.g.,aCD8+oraCD4+Tcell).Insome 

embodimentsthehumanimmunecellsarehumanCARBcells.Insomeembodimentsthe 

30 humanimmunecellsarehumanCARNKcells.Insomeembodimentsthehumanimmune 

cellsarehumaneTCRTcells.Insomeembodimentsthehumanimmunecellsarehuman 

eTILs.InsomeembodimentsthehumanimmunecellsarehumaneTregs.Anyoneormore 

ofthehumanimmunecellsmaycompriseanengineeredreceptorthatspecificallybindstoa 

whilemanyembodimentsdescribehereinaredirectedtoassessingtheeffectsofcell
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cellsurfaceantigenondiseasedhumancells(e.g.,cancercellsorothercellsassociatedwith 

cardiovasculardiseasemetabolicdiseaseorotherpathologicalstates).  

ChimericAntigenReceptor(CAR)ImmuneCellTherapies 

5 A"chimericantigenreceptorreferstoanartificialimmunecellreceptorthatis 

engineeredtorecognizeandbindtoanantigenexpressedbydiseasedcells(e.g., tumorcells).  

GenerallyaCARisdesignedforaTcellandisachimeraofasignalingdomainoftheTcell 

receptor(TcR)complexandanantigen-recognizingdomain(e.g., asinglechainfragment 

(scFv)ofanantibodyorotherantibodyfragment)(Enbladetal.,HumanGeneTherapy.  

10 2O15~26(8):498-505).ATcellthatexpressesaCARisreferredtoasa"CARTcell."In 

someembodimentstheTcellisaTreg(CD4~CD25~FoxP3~)andresultingCARTcellis 

referredtoasa'CARTregcell." 

TherearefivegenerationsofCARseachofwhichcontainsdifferentcomponents.  

FirstgenerationCARsjoinanantibody-derivedscFvtotheCD3zeta(orz)intracellular 

15 signalingdomainoftheTcellreceptorthroughhingeandtransmembranedomains.Second 

generationCARsincorporateanadditionaldomaine.g.,CD2S,4-1BB(41BB),orICOSto 

supplyacostimulatorysignal.Third-generationCARscontaintwocostimulatorydomains 

fusedwiththeTcRCD3-tchain.Third-generationcostimulatorydomainsmayincludee.g., 

acombinationofCD3zCD27,CD2S,4-1BBICOSor0X40.CARsinsomeembodiments 

20 containanectodomain(e.g., CD3Qcommonlyderivedfromasinglechainvariablefragment 

two(secondgeneration),orthree(thirdgeneration)signalingdomainsderivedfromCD3Z 

and/orco-stimulatorymolecules(Maudeetal.,Blood.2015~125(26):4017-4023~Kakarlaand 

GottschalkCancerJ.2O14~20(2):151-155).  

25 Insomeembodimentsthechimericantigenreceptor(CAR)isaTcellredirectedfor 

universalcytokinekilling(TRUCK),alsoknownasafourthgenerationCAR.TRUCKsare 

CAR-redirectedTcellsusedasvehiclestoproduceandreleaseatransgeniccytokineIL-12, 

thataccumulatesinthetargetedtissue, e.g., atargetedtumortissue.Thetransgeniccytokine 

isreleaseduponCARengagementofthetarget.Thismayresultintherapeuticconcentrations 

30 atthetargetedsiteandavoidsystemictoxicity.  

InsomeembodimentstheCARTcellisafifthgenerationCARornext-generation 

CAR.FifthgenerationCARTcellsarebasedonsecondgenerationCARshavingadditional 

intracellulardomainsofcytokinereceptors.Insomeembodimentstheadditionalintracellular 

domainisacytoplasmicJL-2receptor(e.g., JL-2Rf3havingaSTAT3/5bindingmotif),which 

(scFv),ahingeatransmembranedomainandanendodomainwithone(firstgeneration),
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isabindingsiteforSTAT3/5,atranscriptionfactor(TokarewetaLBritishJournalof 

Cancer.2O19~120:26-37).ByincludingthebindingsitetheCARiscapableofproducing 

allthreesynergisticsignalsnecessarytophysiologicallytodrivefullTcellactivationand 

proliferation:TCR(throughtheCD3tdomains),co-stimulatory(CD28domain),and 

5 cytokine(JAK-STAT3/5)signaling.  

CARstypicallydifferintheirfunctionalproperties.TheCD3tsignalingdomainof 

theTcellreceptorwhenengagedwillactivateandinduceproliferationofTcellsbutcan 

leadtoanergy(alackofreactionbythebody'sdefensemechanismsresultingindirect 

inductionofperipherallymphocytetolerance).Lymphocytesareconsideredanergicwhen 

10 theyfailtorespondtoaspecificantigen.Theadditionofacostimulatorydomaininsecond

generationCARsimprovedreplicativecapacityandpersistenceofmodifiedTcells.Similar 

antitumoreffectsareobservedin UvitrowithCD28or4-1BBCARsbutpreclinicalinvivo 

studiessuggestthat4-1BBCARsmayproducesuperiorproliferationand/orpersistence.  

Clinicaltrialssuggestthatbothofthesesecond-generationCARsarecapableofinducing 

15 substantialTcellproliferationin *1 butCARscontainingthe4-1BBcostimulatorydomain 

appeartopersistlonger.ThirdgenerationCARscombinemultiplesignalingdomains 

(costimulatory)toaugmentpotency.FourthgenerationCARsareadditionallymodifiedwith 

aconstitutiveorinducibleexpressioncassetteforatransgeniccytokinewhichisreleasedby 

theCARTcelltomodulatetheTcellresponse.SeeforexampleEnbladetal.,HumanGene 

20 Therapy.2O15~26(8):498-5O5~ChmielewskiandHinrichExpertOpiniononBiological 
S 

cytokinereceptordomainsandareabletotriggercytokinesignalingfurtherenhancingTcell 

proliferationandmaintenance(Tokarewetal.,BritishJournalofCancer.2O19~120:26-37).  

OtherimmunecellsmaybereprogramedusingCARtechnology.ForexampleNK 

25 cellsBcells., dendri.tLccells~, inonocvteskna.cropha.ges~andneutrophilsn'iayalsobe 

~ ograrnedtoexpressionatleastoneCAR.  
NIKC(di3aredenved17mmrImhonemarrowanddefumi ~ Is 

againstv~nisesandpreverft 

cancer.1ICrSC cellscankillceLlsL(e~~ xnirus.minf~tBtedceitK'Ibyinjectingacombinationof 

cben:ilcaisievlm.ItodiecellThey'havebeei'ip fbrcanterntimuw4herapyI. et 
U 175mm180: 

30 ai~4EBioVIediciue%1) 59:102975:Wan~e~taL~Cancer.LeUersA2G2O~ ~AaJ 4 r 

PfefferleetaLC½tncers(Basalt2020,12(3): r 

7bzHabibeta!..O.chsncrJournal,20i9~, P3): 

iS&i87)~ 
Bcells(litni*phocvt=es~areU pus 

immune~ thatdevelopinthebonemarrowfrom 
a a 

hema.topoiet~cstemcellsandproduceanulaodies.. Bcellsare~'trained"sotha.ttheydonot 

Therapy.201545(8):1145-1154.AsnotedabovefifthgenerationCARsfurthercompnse
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produceantibodiesagainsthealthytissuc.,andwhentheyencounterforeign(non~sdfl 
a 

nria.tenai~,theynm.ture~ntopiasTilacellsourilleflioryceLls 
N-, 

Dendriticcells antigen S C 

4~ ftjgcellsthatprocessanh2enmaterial.andpresentit 
~~~2 

A e 

cr1.theirltsp(xt.vttcell.surfacestoTcel.is. InV1J.jsway~, tiIt~)actasa.Ji.a~son.betxveenthei.nma1~~ 
e 

andadaptiveU S 

Ut 

VY'ithCARTcei.is~ 
irflprov@anti~c&i'icercvtotoxicitv(Suli.etai~~JottrualqfClinical 

~r 

-1- 2018%1dm? 
()rtcology, = S5(7)~i44)~ 

IN'ionocvtes(rnacrophages)arepimgocyticcellsoftheirnirunesystemfoundiiiall 
C, 9'. C, 

Cr r i Cr 8 S 

ussues~Iheyplayaroleinbothadapuveandinnate~mnmnity~, andin.someinstances~work 
a 

10 withTcellstokill -I 

microor2amsms.CARmacrophages(CAWM)havebeenshowntoreduc~ 
A 

0217eiirnjri.at~tUi:YIOYcellsinancvan.ancancerc&illiiTi~(iK1~cI:unskyetal.. AQaure 
.Biotew;rio/ogy~2.Or)() ~S:947muS3~ 

4, *hr~ %.  

Neub:tpb.jis(pOiyfliotpb.O iucht&tlitukocvIj±~ts9 gra.flUi()c:vI3F~ts)~jj%~r) t4rtI() 'U 

S 

marrowandieavcthebloodstreamtoaccumulateininfectedtisSues.Typl.calI.vdurin~the C, 

migratetothesiteofinflammationwherethey 
15 acutephaseofaninfectionaneutrophi!will r 

a 

ingestorganismstoLiI.Ithem 

Insomeembodimentstheengineeredimmunecell(e.g.,TcellBcellorNKcell) 

therapyisautologousthatisforexampleasubjectsTcellsarecollectedandusedto 

generatetheCARTcellsthatarelaterusedtotreatthesubject.  

20 Insomeembodimentstheengineeredimmunecellsareuniversalallogeneic 

engineeredimmunecells(e.g., ''off-the-shelf' engineeredimmunecells). Allogeneic 

engineeredimmunecellsusedonorimmunecellsthatisimmunecellsfromasourceother 

thanthesubject(recipient)whoundergoestheengineeredimmunecell(e.g.,TcellBcellor 

NKcell)therapy.Insomeembodimentsthedonorimmunecellsarefromahealthyhuman 

25 (e.g., adultorchild).Allogeneicengineeredimmunecells(e.g.,CARTcells)cancausegraft

versus-hostdisease(GVHD)inasubjectafteradministrationforexampleiftheengineered 

immunecellrecognizescellsurfaceHLAclassIandclassIImoleculesonthesubject'scells 

asnon-self'andattacksthem.InordertocircumventthisissuewithrespecttoTcellstheT 

celluf3receptor(TCRuf3)oftheCARTcellmaybeknockedoutusinggeneeditingtools 

30 (e.g., zincfingernucleasestranscriptionactivatorlikeeffectornucleasesorclustered 

regularlyinterspacedshortpalindromicrepeats(CRJSPR)/CRJSPR-associatedprotein9 

(Cas9))(Kimetal.,Biomolecules.2020~10(2):263).InthiswayuniversalallogeneicCART 

cellsmaybeadministeredtoanysubject(recipient).  

Insomeembodimentsachimericantigenreceptor(CAR)comprisesanextracellular 

,
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domaincomprisinganantigenbindingdomainatransmembranedomainandacytoplasmic 

domain.InsomeembodimentsaCARisfullyhuman.Insomeembodimentstheantigen 

bindingdomainofaCARisspecificforoneormoreantigens.Insomeembodimentsa 

spacerdomainor''hingedomainislocatedbetweenanextracellulardomain(comprising 

5 theantigenbindingdomain)andatransmembranedomainofaCARorbetweena 

cytoplasmicdomainandatransmembranedomainoftheCAR.A"spacerdomain"refersto 

anyoligopeptideorpolypeptidethatfunctionstolinkthetransmembranedomaintothe 

extracellulardomainand/orthecytoplasmicdomaininthepolypeptidechain.A"hinge 

domain"referstoanyoligopeptideorpolypeptidethatfunctionstoprovideflexibilitytothe 

10 CARordomainsthereofortopreventsterichindranceoftheCARordomainsthereofIn 

someembodimentsaspacerdomainorhingedomainmaycompriseupto300aminoacids 

(e.g.,10to100aminoacids, or5to20aminoacids).Insomeembodimentsoneormore 

spacerdomain(s)maybeincludedinotherregionsofaCAR.  

InsomeembodimentsaCARofthedisclosurecomprisesanantigenbindingdomain 

15 suchasasinglechainFv(scFv)specificforanantigen(e.g., atumorantigen).Thechoiceof 

bindingdomaindependsuponthetypeandnumberofligandsthatdefinethesurfaceofa 

targetcell.Forexampletheantigenbindingdomainmaybechosentorecognizealigandthat 

actsasacellsurfacemarkerontargetcellsassociatedwithaparticulardiseasestatesuchas 

cancercardiovasculardiseasemetabolicdiseaseneurobiologicaldiseaseoranautoimmune 

20 disease.Thusexamplesofcellsurfacemarkersthatmayactasligandsfortheantigen 

cellsand/orotherformsofdiseasedcells.InsomeembodimentsaCARisengineeredto 

targetatumorantigenofinterestbywayofengineeringadesiredantigenbindingdomain 

thatspecificallybindstoasurfaceantigenofanEpstein-Baavirus(EBV)orpapillomavirus 

25 particle.  

Anantigenbindingdomain(e.g., anscFv)thatspecificallybinds"toatargetoran 

epitopeisatemiunderstoodintheartandmethodstodetemiinesuchspecificbindingare 

alsoknownintheart.Amoleculeissaidtoexhibit"specificbinding~, S itreactsorassociates 

morefrequentlymorerapidlywithgreaterdurationand/orwithgreateraffinitywitha 

30 particulartargetantigenthanitdoeswithalternativetargets.Anantigenbindingdomain(e.g., 

anscFv)thatspecificallybindstoafirsttargetantigenmayormaynotspecificallybindtoa 

secondtargetantigen.Assuch, ''specificbinding''doesnotnecessarilyrequire(althoughit 

caninclude)exclusivebinding.  

InsomeembodimentsimmunecellsexpressingaCARaregeneticallymodifiedto 

bindingdomainintheCARofthepresentdisclosureincludethoseassociatedwithcancer
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recognizemultipletargetsorantigenswhichpermitstherecognitionofuniquetargetor 

antigenexpressionpatternsondiseasedcells(e.g., tumorcells).ExamplesofCARsthatcan 

bindmultipletargetsinclude: splitsignalCARs" whichlimitcompleteinmiunecell 

activationtotumorsexpressingmultipleantigenw"tandemCARs"(TanCARs),which 

5 containectodomainshavingtwoscFvwand''universalectodomainCARs,''which 

incorporateavidinorafluoresceinisothiocyanate(FJTC)-specificscFvtorecognizetumor 

cellsthathavebeenincubatedwithtaggedmonoclonalantibodies(mAbs).  

InsomeembodimentsthetargetisCD19~thatistheCARisaCD19CAR.Insome 

embodimentsthetargetisCD2%thatistheCARisaCD22CAR.Insomeembodiments 

10 thetargetisCD123~thatistheCARisaCD123CAR.Othertargetsincludebutarenot 

limitedtoCD2OBcellmaturationantigen(BCMA),C-typelectin-likemolecule-1(CLL-1), 

tyrosine-proteinkinasetransmembranereceptor1(ROR-1),ILl3Rct2,CD2OCD138,CD33, 

prostatespecificmembraneantigen(PSMA),CD171, epidermalgrowthfactorreceptor 

vanantIII(EGFRvJJJ),fibroblastactivationprotein(FAP),folatereceptor(FR),glypican-3, 

15 humanepidermalgrowthfactorreceptor2(HER2), mucin1, cellsurfaceassociated(MUC1), 

mesothelinandnaturalkillergroup2D(NKG2D).InsomeembodimentstheCARis 

specifictoanytargetorantigenofinterestthatisfoundonthesurfaceofacancercell.In 

otherembodimentstheCARisspecifictoanytargetorantigenofinterestthatisfoundon 

thesurfaceofadiseasedcell.  

20 ACARisconsidered"bispecific"ifitrecognizestwodistinctantigens(hastwo 

oftwodistinctantigenrecognitiondomainspresentintandemonasingletransgenicreceptor 

(referredtoasaTanCAR~seee.g.GradaZetal.MolecularTherapyNucleicAcids 

2013~2:e105, incorporatedhereinbyreference).  

25 InsomeembodimentsaCARisanantigen-specificinhibitoryCAR(iCAR),which 

maybeusedforexampletoavoidoff-tumortoxicity(FedorovVDetal.Sci.Transl.Med.  

publishedonlineDec.11, 2013,incorporatedhereinbyreference).iCARscontainanantigen

specificinhibitoryreceptorforexampletoblocknonspecificimmunosuppressionwhich 

mayresultfromextratumortargetexpression.iCARsmaybebasedforexampleon 

30 inhibitorymoleculesCTLA-4orPD-1, toblockimmunosuppressionoronapan-leukocyte 

antigensuchasCD52,toblockleukocytedestruction.InsomeembodimentstheseiCARs 

blockTcellresponsesfromTcellsactivatedbyeithertheirendogenousTcellreceptororan 

activatingCAR.  

distinctantigenrecognitiondomains).InsomeembodimentsabispecificCARiscomprised
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InsomeembodimentsCARsareengineeredforuseinadoptivecelltransferwherein 

immunecellsareremovedfromasubjectandmodifiedsothattheyexpressreceptorsspecific 

toanantigene.g., atumor-specificantigen.Themodifiedimmunecellswhichmaythen 

recognizeandkillthecancercellsarereintroducedintothesubject(Puleatal.,Cytotherapy.  

5 2OO3~5(3):211-226~Maudeetal.,Blood. . 125(26):4017-4023eachofwhichis 

incorporatedhereinbyreference).  

CytokineReleaseSyndrome 

Cytokinereleasesyndrome(CRS)occurswithactivationofTcellsandNaturalKiller 

10 (NK)cellsaswellasotherimmunecellpopulations(e.g., macrophages).Withtheadditionof 

engineeredimmunecells(e.g.,TcellsBcellsorNKcells),theactivationofimmunecells 

canleadtothereleaseofhighlevelsofcytokinesanddownstreaminjuryandpossiblydeath.  

BothTcellsandNKcellshavebeenfoundtobesourcesofCRSinresponsetocertain 

immunomodulators(WingM.G.atal.(1995)Ther.Immunol.2:183-190;CarsonW.E., 

15 (1999)JImmunol162A943-4951). Withdifferentimmunomodulatorsandtheactivationof 

vanousimmunecellpopulationsCRScanmanifestwithhighlevelsofcytokinereleasethat 
S 

canvarywiththevariousactivatedimmunecellpopulations.  

ThemaincytokinesassociatedwithpathogenesisofCR8includeinterleukin-6(JL-6), 

interleukin-10(IL-10),interferon(JFN)-ymonocytechemoattractantprotein1(MCP-1)and 

20 granulocyte-macrophagecolony-stimulatingfactor(GM-CSF).Severalothercytokines 

SeveralfactorscontributingtoCR5toxicityincancerpatientsparticularlythoseundergoing 

engineeredimmunecell(e.g.,TcellBcellorNKcell)therapyinclude:thestructureofthe 

CARhightumorburdenhigherimmunecellinfusiondoseandotherpatient-specificfactors 

25 suchaspre-existentstateofinflammationandbaselineendothelialactivation.  

Oneapproachforpreventinglife-threateninghigh-gradeCR5toxicityistoadminister 
S 

ananti-cytokinetherapyearlyinCR5development(e.g., whenasubjectfirstexhibits 

symptomsofCR5).Tocilizumab(an1L6antagonist),forexamplehasbeenapprovedby 

U.S. FoodandDrugAdministration(FDA)forthetreatmentofsevereorlife-threatening 

30 CARTcell-inducedCR5. OthertreatmentsforCARTcell-inducedCR5includeanti-JL-6 

antibodies(e.g., siltuximab),corticosteroids(e.g., methylprednisone),anti-TNF-adrugs(e.g., 

etanercept),IL-iRinhibitors(e.g., anakinra),GM-CSFinhibitorsandsmallmolecule 

inhibitors(e.g., ruxolitinib(JAK1/2inhibitor)andBrutonstyrosinekinaseinhibitor).In 

someembodimentsthemousemodelsprovidedhereinareusedtoassessthetherapeutic 

includingTNFILl, 1L2,JL-2-receptor-aand1L8havealsobeenassociatedwithCR~.
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efficacyand/orsideeffectsassociatedwithcandidateCRStreatmentsforexamplein 

subjectsundergoingengineeredimmunecell(e.g.,TcellBcellorNKcell)therapyas 

describedinmoredetailelsewhere S 

5 ImmunodeficientMouseModels 

Providedhereininsomeembodimentsareimmunodeficientmousemodels.Asis 

knownintheartimmunodeficientmicehaveimpairedordisruptedimmunesystemssuchas 

specificdeficienciesinMHCclassIIIorbothBcellorTcelldefectsordefectsinbothas 

wellasimmunodeficiencyduetoknockdownofgenesforcytokinescytokinereceptorsTLR 

10 receptorsandavarietyoftransducersandtranscriptionfactorsofsignalingpathways.  

Immunodeficiencymousemodelsincludethesingle-genemutationmodelssuchasnude

mice(tnt)strainsandtheseverecombinedimmunodeficiency(scid)strainsnon-obese 

diabetic(NOD)strainRAG(recombinationactivatinggene)strainswithtargetedgene 

deletionandavarietyofhybridsoriginatedbycrossingdoublyandtriplemutationmice 

15 strainswithadditionaldefectsininnateandadaptiveimmunity.  

Non-limitingexamplesofspontaneousandtransgenicimmunodeficientmouse 

modelsincludethefollowingmousestrains: 

0 Nude(nit)[FlanaganSP.GenetRes1966;8:295-30*andNehlsMetal.Nature 

1994~372:103-7], 

20 0 Scid(scid)[BosmaGCatal.Nature1983~301:527-30~MosierDEetal.Nature 

0 NOD[KikutaniHetal.AdvImmunol1992~51:285-322andAndersonMSetal.  

AnnRevImmunol2005;23:447-85]; 

0 RAGiandRAG2(rag)[MombaertsPetal.Cell1992;68:869-77;ShinkaiUetal.  

25 Cell1992;68:855-67], 

0 NOD-scid[GreinerDLetal.1998;ShultzLDetal.JImmunol1995;154:180-91; 

MelkusMWetal.NatureMed2006;12:1316-22;andDentonPWetal.PLoSMed 

2008;4(12):e357]; 

0 JL2rgnull[DiSantoJPetal.ProcNatIAcadSciUSA1995;92:377-81]; 

30 0 B2mnull[ChristiansonSWetal.Jimmunol1997;158:3578-86]; 

0 NOD-scidJL2rynull[ShultzLDetal.NatRevImmunol2007;7:118-30;ItoMetal.  

Blood2002;100:3175-82;IshikawaIetal.Blood2005;106:1565-73, and 

MacchiariniFetal.JExpMed2005;202:1307-11]; 

1988~335:256-9~andGreinerDLetal.StemCells1998~16:166-77t
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0 NOD-scidB2mnull[Shultzetal.2OO7~ShultzLDatal.Transplantation2OO3~76: 

1036-42;Islas-OhimayerMAetal.JVirol2004;78:13891-900andMacchiariniet 

al.2OO5]~and 

0 HLAtransgenicmice[GrusbyMJetal.ProcNatlAcadSciUSA1993~90(9):3913-7, 

5 andRoyCJetal.InfectImmun2OO5~73(4):2452-60]. Seee BelizarioJEThe 

OpenImmunologyJournal,2009~2:79-85.  

0 NSG-HLA-A2/HHD(LeonardD.Shultzetal.ProcNatIAcadSciUSA2010; 

107(29):13022-27).  

0 NSG-Tg(Hu-1L15) 

10 InsomeembodimentsanimmunodeficientmousehasaNOD(non-obesediabetic) 

genotype.TheNODmouse(e.g.,theNOD/ShiLtJmouseJacksonLabsStock#001976)isa 
S 

polygenicmodelforautoimmunetype1diabetescharacterizedbyhyperglycemiaand 

insulitisaleukocyticinfiltrationofthepancreaticisletcells.TheNODmiceare 

hypoinsulinemicandhyperglucagonemicindicatingaselectivedestructionofpancreaticislet 

15 betacells.ThemajorcomponentofdiabetessusceptibilityinNODmiceistheuniqueMHC 

haplotype.NODmicealsoexhibitmultipleaberrantimmunophenotypesincludingdefective 

antigenpresentingcellimmunoregulatoryfunctionsdefectsintheregulationoftheT 

lymphocyterepertoiredefectiveNKcellfunctiondefectivecytokineproductionfrom 

macrophages(Fanetal.,2004)andimpairedwoundhealing.Theyalsolackhemolytic 
20 complementCS.NODmicealsoareseverelyhard-of-hearing.A S 

varietyofmutations 

affectingimmunefunctionshavebeenbackcrossedintotheNODinbredstrainbackground.  

Insomeaspectsofthepresentdisclosureanimmunodeficientmouseprovidedherein 

basedontheNODbackgroundmayhaveagenotypeselectedfromNOD-Cg.

25 PrkdcscidIL2rgtmIwfl/SzJ(NSG),aNOD.Cg~Rag]tmJMomJ72rgtmIW]l/SzJ(NRG),andNOD3 C~ 
. I 

.1J-u.* ~' 50(1') 1-I FLIPLJ&I( =~~~rg JShLIic.ForexamplethemousemayhaveaNOD-Cg.

PrkdcSCidIL2 tin]wf11 5 zJ(NOG)genotype. Otherimmunodeficientmousestrainsare 

contemplatedherein.  

InsomeembodimentsanimmunodeficientmousehasanNSGTMgenotype.The 

30 NSGTMmouse(e.g.,JacksonLabsStockNo:#005557)isanimmunodeficientmousethat 

lacksmatureTcellsBcellsandnaturalkiller(NK)cellsisdeficientinmultiplecytokine 

signalingpathwaysandhasmanydefectsininnateimmunity(seee.g., (ShultzIshikawa,& 

Greiner,2007;Shultzetal.,2005;Shultzetal.,1995),eachofwhichisincorporatedherein 

causingimmunodeficienciestargetedmutationsincytokinegenesaswellastransgenes
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byreference).TheNSmousederivedfromtheNODmousestrainNOD/ShiLtJ(seee.g., 

(Makinoetal.,1980),whichisincorporatedhereinbyreference),includethePrkdcscid 

mutation(alsoreferredtoastheseverecombinedimmunodeficiencymutationorthe"scid" 

mutation)andtheIl2rgtm]wiItargetedmutation.ThePrkdcscidmutationisaloss-of-function 

5 (null)mutationinthemousehomologofthehumanPRKDCgene thismutationessentially 

eliminatesadaptiveimmunity(seee.g., (Bluntetal.,1995;GreinerHesselton,&Shultz 

1998),eachofwhichisincorporatedhereinbyreference).TheIl2rgtmJwilmutationisanull 

mutationinthegeneencodingtheinterleukin2receptorgammachain(JL2Ryhomologous 

toIL2RGinhumans),whichblocksNKcelldifferentiationtherebyremovinganobstacle 

10 thatpreventstheefficientengraftmentofprimaryhumancells(Caoetal.,1995~Greineret 

al.,1998;Shultzetal.,2005),eachofwhichisincorporatedhereinbyreference).  

InsomeembodimentsanimmunodeficientmousehasanNRGgenotype.TheNRG 

mouse(e.g., JacksonLabsStock#007799)isextremelyimmunodeficient.Thismousetwo 

mutationsontheNOD/ShiLtJgeneticbackground;atargetedknockoutmutationin 

15 recombinationactivatinggene1(Rag])andacompletenullalleleofthe1L2receptor 

commongammachain(IL2rgflUlb.TheRag]~~"mutationrendersthemiceBandTcell 

deficientandtheIL2rgflUllmutationpreventscytokinesignalingthroughmultiplereceptors 

leadingtoadeficiencyinfunctionalNKcells.Thesevereimmunodeficiencyallowsthemice 

tobehumanizedbyengraftmentofhumanCD34+hematopoieticstemcells(HSC)and 

20 patientderivedxenografts(PDX)athighefficiency.TheimmunodeficientNRGmiceare 

repairenzymePrkdc.  

InsomeembodimentsanimmunodeficientmousehasanNOGgenotype.TheNOG 

mouse(ItoMatat, Blood2002)isanextremelyseverecombinedimmunodeficientmouse 

25 establishedbycombiningtheNOD/scidmouseandtheJL-2receptor-ychainknockout 

(JL2ryKO)mouse(OhboK.atatBlood1996).TheNOGmouselacksTandBcellslacks 

naturalkiller(NK)cellsexhibitsreduceddendriticcellfunctionandreducedmacrophage 

functionandlackscomplementactivity.  

InsomeembodimentsanimmunodeficientmousehasanNCGgenotype.TheNCG 

30 mouse(e.g., CharlesRiverStock#572)wascreatedbysequentialCRJSPR/Cas9editingof 

thePrkdcandIl2rglociintheNOD/Njumousegeneratingamousecoisogenictothe 
S NOD/Nju.rfheNOD/NjucarriesamutationintheSirpa(5'iRPa)genethatallowsfor 

engraftingofforeignhematopoieticstemcells.ThePt/cknockoutgeneratesaSCID-like 

phenotypelackingproperrrcellandB-cellformation.TheknockoutoftheIl2rggenefurther 

moreresistanttoirradiationandgenotoxicdrugsthanmicewithascidmutationintheDNA
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exacerbatestheSOLD-likephenotypewhileadditionallyresultinginadecreaseofNKcell 

productionS 

Itshouldalsobeunderstoodthatstandardgeneticnomenclatureusedhereinprovides 

uniqueidentificationfordifferentrodentstrainsandthestrainsymbolconveysbasic 

5 informationaboutthetypeofstrainorstockusedandthegeneticcontentofthatstrain.Rules 

forsymbolizingstrainsandstockshavebeenpromulgatedbytheInternational S 

StandardizedGeneticNomenclatureforMice.Therulesareavailableon-linefromtheMouse 

GenomeDatabase(MGDinformatics.jax.org)andwerepublishedinprintcopy(Lyonetal.  

1996).StrainsymbolstypicallyincludeaLaboratoryRegistrationCode(LabCode).The 

10 registryismaintainedattheInstituteforLaboratoryAnimalResearch(ILAR)attheNational 

AcademyofSciencesWashingtonD.C.LabCodesmaybeobtainedelectronicallyat 

ILAR'swebsite(nas.edu/cls/ilarhome.nsf).SeealsoDavissonMTGeneticandPhenotypic 

DefinitionofLaboratoryMiceandRatsIWhatConstitutesanAcceptable S 

PhenotypicDefinitionNationalResearchCouncil(US)InternationalCommitteeofthe 

15 InstituteforLaboratoryAnimalResearch.Washington(DC):NationalAcademiesPress 

(US)~1999.  

MajorIrlistocompatibilityComplexClassIandIIKnock-outMice 

Insomeembodimentsageneticallymodifiedimmunodeficientmouse(e.g., NSG, 

20 NRGorNOGmouse)includesagenomicmodificationwhereinthegenomicmodification 

renderstheimmunodeficientmousedeficientin S 

(MHCI)andmajorhistocompatibilitycomplexclassII(MHCII),suchthatthegenetically 

modifiedimmunodeficientmouselacksfunctionalMHCIandlacksfunctionalMHCII. In 

someembodimentsageneticallymodifiedimmunodeficientmousedeficientinMHCclassI 

25 andMHCclassIIisaNOD.Cg~PrkdcSCidH2~KflmlBPeH2~Ab1emlMvwH2~D]tmlBPe 

Il2rgtmIwil/SzJ(abbreviatedasNSG~(KbDb)null(lAnull)mousee.g., JacksonLabsStock 

#025216).TheNSG~(KbDb)null(IA~~")mouselacksfunctionalMHCIduetoahomozygous 

nullmutationofH2-KandH2-DMHCIaproteinsubclasses(abbreviated(KbDb)nuh)and 

lacksfunctionalMHCIIduetoahomozygousnullmutationofH-2AsubclassofMHCII 

30 (abbreviatedasIAnulb.  

Insomeembodimentsageneticallymodifiedimmunodeficientmousedeficientin 

MHCclassIandMHCclassIIisaNOD.Cg~B2mtmIUncPrkdcSCidH2 dlAbImEaIl2rgtmIwil/SzJ 

(abbreviatedasNSG-B2M~~"(IAIE)nulle.g., JacksonLabsStock#030547)mouse.TheNSG

B2M~"1 1 (IAIE)nullmouselacksfunctionalMHCIduetoahomozygousnullmutationof~2 

majorhistocompatibilitycomplexclassI
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microglobulin(abbreviatedB2M~~'b.TheNSG~B2Mnull(IAIE)nullmouselacksfunctional 

MHCIIduetoahomozygousnullmutationofH-2AandH-2EsubclassesofMHCII 

(abbreviatedas(IAIE)~~").  

Insomeembodimentsageneticallymodifiedimmunodeficientmousedeficientin 

5 MHCclassIandMHCclassIIisaNOD.Cg~PrkdcSCidH2~K]tmIBPeH2~AbYmJMvwH2~DrmIBPe 

112rgtm]WJITg(Jns2-HBEGF)6832UgfmISztransgenicmouse(abbreviatedasNSG-RJP-DTR 

(KbDb)null(IAnulbe.g., JacksonLabsStock#027976),whichexpressesthediphtheriatoxin 
S 

receptorunderthecontroloftheratinsulinpromoteronanNSGTMbackground.Injectionof 
S 

diphthenatoxin(DT)intomiceexpressingthediphtheriatoxinreceptorunderthecontrolof 

10 theratinsulinpromoterleadstomousepancreaticbetacelldeathand S 

NSG-RJP-DTR(KbDb)fluII(IAnull)strainpermitsthecompleteandspecificablationofmouse 

pancreaticbetacellsavoidingthebroadlytoxiceffectsofdiabetogenicdrugssuchas 

streptozotocin.  

15 HumanizedImmunodeficientMouseModels 

Insomeembodimentsahumanizedimmunodeficientmousemodelisusedtoscreen 

anengineeredimmunecell(e.g.,TcellBcellorNKcell)therapy.Asusedhereintheterms 

''humanizedmouse'',''humanizedimmunedeficientmouse'',''humanizedimmunodeficient 

mouse, andthepluralversionsthereofareusedinterchangeablytorefertoan 

20 immunodeficientmousehumanizedbyengraftmentwithhumanperipheralblood 

immunodeficientmouseandifnecessarydepletingand/orsuppressinganyremaining 

murineimmunecells(e.g., chemicallyorwithradiation).Thatissuccessfulsurvivalofthe 

humanimmunesystemintheimmunodeficientmicemayrequiresuppressionofthemouses 

25 immunesystemtopreventGVHD(graft-versus-hostdisease)rejections.Afterthe 

immunodeficientmousesimmunesystemhasbeensufficientlysuppressedthemouseis 

engraftedwithhumancells(e.g., PBMCs).Asusedherein"engraft"referstotheprocessof 

thehumancellsmigratingtoandincorporatingintoanexistingtissueofinterestinvivo.  

WithrespecttothehumanizedimmunodeficientmousetheengraftedhumanPBMCsprovide 

30 functionalmaturehumancells(e.g., immunecellssuchasTcellsorNKcells).Themodel 

hasaspecifictimewindowof4-5weeksafterengraftmentbeforeGVHDsetsin.Toincrease 

thelongevityofthemodeldouble-knockout(DKO)micelackingfunctionalMHCIand 

MHCIIasdescribedabovemaybeused.  

mononuclearcells(PBMCs).Humanizedmicearegeneratedbystartingwithan
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Irradiation 

Asdescribedaboveinsomeembodimentstheimmunodeficientmiceareirradiated 

pnortoengraftmentwithPBMCs.Itisthoughtthatirradiationofanimmunodeficientmouse 

destroysmouseimmunecellsinperipheralblood, spleenandbonemarrowwhichfacilitates 

5 engraftmentofhumancellssuchashumanPBMCs(e.g., byincreasinghumanPBMC 

survivalfactors),aswellasexpansionofimmunecellsandultimatelyengineeredimmune 

cells(e.g.,TcellsBcellsorNKcells).Irradiationalsoshortensthetimeittakesto 

accumulatetherequirednumberofhumanimmunecellsto"humanize"themousemodels.  

Forimmunodeficientmice(e.g., NSGTMmice),thispreparationiscommonly 

10 accomplishedthroughwhole-bodygammairradiation.Irradiatorsmayvaryinsizedepending 

ontheirintendeduse.Animalsaregenerallyirradiatedforshortperiodsoftime(lessthan15 

mm).Theamountoftimespentinsidetheirradiatorvariesdependingontheradioisotope 

decaychartsamountofirradiationneededandsourceofionizingenergy(thatisX-rays 

versusgammaraysforwhichacesiumorcobaltsourceisneeded).  

15 Amyeloablativeirradiationdoseisusually700to1300cGythoughinsome 

embodimentslowerdosessuchas1-100cGy(e.g.,about2,5,or10cGy),or300-700cGy 

maybeused.  

Asanexamplethemouseisirradiatedwith100cGyX-ray(or75cGy- 125cGyX

ray).Insomeembodimentsthedoseisabout1,2,3,4,5,10,20,100,200,300,400,500, 

20 600,700,800,900,1000,1100,1200or1300cGyorbetweenanyofthetworeciteddoses 

embodimentstheimmunodeficientmouseisirradiatedabout15minutes,30minutes,45 

minutes1hourormorebeforeengraftmentwithPBMCsanddiseasedcells(e.g., fromacell 

lineorfromapatient-derivedxenograft).Insomeembodimentstheimmunodeficientmouse 

25 isengraftedwithPBMCs1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,or18days 

afterirradiation.  

PBMCEngraftment 

Asdescribedaboveinsomeembodimentstheirradiatedimmunodeficientmiceare 

30 engraftedwithPBMCshumanizingthemice.ThePBMCsmaybeengraftedafterirradiation 

andbeforeengraftmentwithdiseasedcells(e.g., tumorcells),afterirradiationand 

engraftmentwithdiseasedcells(e.g., tumorcells)andbeforetheengineeredimmunecell 

(e.g.,TcellBcellorNKcell)therapyisadministeredorconcurrentlywiththe 

administrationoftheengineeredimmunecell(e.g.,TcellBcellorNKcell)therapy.  

hereinsuchas100-300cGy,200-500cGy,600-1000cGyor700-1300cGy.Insome
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TheteiTnperipheralbloodmononuclearcells(PBMCs)referstoperipheralblood 

cellshavingaroundnucleus.Thesemononuclearbloodcellsrecirculatebetweentissuesand 

bloodandareacriticalcomponentintheimmunesystemtofightinfectionandadaptto 

intruders.Therearetwomaintypesofmononuclearcellslymphocytesandmonocytes.The 

5 lymphocytepopulationofPBMCstypicallyincludesTcellsBcellsandNKcells.  

PBMCsmaybeisolatedfromwholebloodsamplesforexample(e.g., Ficoll 

gradient).InsomeembodimentsPBMCsfromasubject(e.g., ahumansubject)forwhoman 

engineeredimmunecell(e.g.,TcellBcellorNKcell)therapyisbeingconsideredfor 

possibleadministrationmaybeused.  

10 MethodsofengraftingimmunodeficientmicewithPBMCstoyieldahumanized 
S 

mousemodelareknownintheartandincludebutarenotlimitedtointrapentonealor 

intravenousinjection(Shultzetal.,JImmunol,2015, . Pearsonetal.,Cuff 

ProtocImmunol.2008~15-21~Kimetal.,AIDSResHumRetrovirus,2016,32(2):194-2020, 

Yaguchietal.,Cell&MolImmunol,2018,15:953-962).Insomeembodimentsthemouseis 

15 engraftedwith0.5-3.0x10 7 PBMCs.Forexamplethemouseisengraftedwith0.5x10 7 ,0.6 

x10',0.7x10',0.8x10',0.9x10 7 ,1.0x107 ,1.1x107 ,1.2x107 ,1.3x107 ,1.4x107 ,1.5x107 , 

1.6x107 ,1.7x107 ,1.8x107 ,1.9x107 ,2.0x107 ,2.5x107 ,3.0x107 ormorePBMCs.Insome 

embodimentsthemouseisengraftedwith0.5-0.75x10 7 ,0.5-1.0x107 ,0.5-1.1x107 ,0.5-1.2 

x10',0.5-1.3x10',0.5-1.4xlO',0.5-1.5x10 7 ,0.5-1.6x107 ,0.5-1.7x107 ,0.5-1.8x10 7 ,0.5

20 1.9x107 ,0.5-2.0x107 ,0.5-2.25x107 ,0.5-2.5x107 ,0.5-3.0x107 ,0.75-1.0x107 ,0.75-1.1x10 7 , 

1.8x107 ,0.75-1.9x10 7 ,0.75-2.0xlO',0.75-2.25x10 7 ,0.75-2.5xlO',0.75-3.0xlO',1.0-1.1 

x107,1.0-1.2x107,1.0-1.3x107,1.0-1.4x107,1.0-1.5x107,1.0-1.6x107,1.0-1.7x107,1.0

1.8x107,1.0-1.9x107,1.0-2.0x107,1.0-2.25xlO',1.0-2.5xlO',1.0-2.75x107,1.0-3.0x107, 

25 1.1-1.2x107 ,1.1-1.3x107 ,1.1-1.4x107 ,1.1-1.5x107 ,1.1-1.6x107 ,1.1-1.7x107 ,1.1-1.8 

x107,1.1-1.9x107,1.1-2.0x107,1.1-2.25x107,1.1-2.5x107,1.1-2.75x107,1.1-3.0x107,1.2

1.3x107 ,1.2-1.4x107 ,1.2-1.5x107 ,1.2-1.6x107 ,1.2-1.7xlO',1.2-1.8xlO',1.2-1.9xlO', 

1.2-2.0x107 ,1.2-2.25x107 ,1.2-2.5x107 ,1.2-2.75x10 7 ,1.2-3.0x107 ,1.3-1.4x107 ,1.3-1.5 

xlO',1.3-1.6xlO',1.3-1.7xlO',1.3-1.8xlO',1.3-1.9x10 7 ,1.3-2.0x107 ,1.3-2.25xlO',1.3

30 2.5x107 ,1.3-2.75x107 ,1.3-3.0xlO',1.4-1.5xlO',1.4-1.6xlO',1.4-1.7xlO',1.4-1.8x10 7 , 

1.4-1.9x107 ,1.4-2.0x107 ,1.4-2.25x107 ,1.4-2.5x107 ,1.4-2.75x10 7 ,1.4-3.0x107 ,1.5-1.6 

xlO',1.5-1.7xlO',1.5-1.8xlO',1.5-1.9xlO',1.5-2.0x10 7 ,1.5-2.25x107 ,1.5-2.5xlO',1.5

2.75x107 ,1.5-3.0x107 ,1.6-1.7x107 ,1.6-1.8x107 ,1.6-1.9x107 ,1.6-2.0x107 ,1.6-2.25x10 7 , 

1.6-2.5x107 ,1.6-2.75x107 ,1.6-3.0x107 ,1.7-1.8x107 ,1.7-1.9x107 ,1.7-2.0x107 ,1.7-2.25 

0.75-1.2xlO',0.75-1.3xlO',0.75-1.4x10 7 ,0.75-1.5x107 ,0.75-1.6xlO',0.75-1.7xlO',0.75-



WO2022/066894 PCT/IJS2021/051734 

23 

x107 ,1.7-2.5x107 ,1.7-2.75x107 ,1.7-3.0x107 ,1.8-1.9x107 ,1.8-2.0x10 7 ,1.8-2.25x10 7 ,1.8

2.5x107 ,1.8-2.75x10 7 ,1.8-3.0x10 7 ,1.9-2.0x107 ,1.9-2.25x10 7 ,1.9-2.5x107 ,1.9-2.75x10 7 , 

1.9-3.0x107 ,2.0-2.25xlO',2.0-25xlO',2.0-2.75x10 7 ,2.0-3.0x107 ,2.25-2.5x10 7 ,2.25

2.75x107 ,2.25-3.0x10 7 ,2.5-2.75x10 7 ,2.5-3.0x107 ,or2.75-3.0x10 7 .Insome 

5 embodimentsthemouseisengraftedwith2x10 7 PBMCs.Accordingtosomeembodiments, 

themouseisengraftedwith4.5-5.5x10 7 (4.5-5.0x10 7 ,5.O-5.5x107 )PBMCs.  

InsomeembodimentsthehumanPBMCsareengrafted5minutes,10minute,15 

minute,20minutes,25minutes,0.5hours,1hour,1.5hours,2hours,3hours,4hours,5 

hours,6hours,7hours,8hours,9hours,10hours,11hours,12hours,13hours,14hours,15 

10 hours,16hours,17hours,18hours,19hours,20hours,21hours,22hours,23hours,24 

hoursormoreafterirradiation.InsomeembodimentsthehumanPBMCsareengrafted1-2 

hours,1-3hours,1-4hours,1-5hours,1-6hours,1-7hours,1-8hours,1-9hours,1-10hours 

1-12hours,1-14hours,1-16hours,1-18hours,1-20hours,1-22hours,1-24hours,2-3 

hours,2-4hours,2-5hours,2-6hours,2-7hours,2-8hours,2-9hours,2-10hours,2-12 

15 hours,2-14hours,2-16hours,2-18hours,2-20hours,2-22hours,2-24hours,3-4hours,3-5 

hours,3-6hours,3-7hours,3-8hours,3-9hours,3-10hours,3-12hours,3-14hours,3-16 

hours,3-18hours,3-20hours,3-22hours,3-24hours,4-5hours,4-6hours,4-7hours,4-8 

hours,4-9hours,4-10hours,4-12hours,4-14hours,4-16hours,4-18hours,4-20hours,4

22hours,4-24hours,5-6hours,5-7hours,5-8hours,5-9hours,5-10hours,5-12hours,5-14 

20 hours,5-16hours,5-18hours,5-20hours,5-22hours,5-24hours,6-7hours,6-8hours,6-9 

24hours,7-8hours,7-9hours,7-10hours,7-12hours,7-14hours,7-16hours,7-18hours,7

20hours,7-22hours,7-24hours,8-9hours,8-10hours,8-12hours,8-14hours,8-16hours, 

8-18hours,8-20hours,8-22hours,8-24hours,9-10hours,9-12hours,9-14hours,9-16 

25 hours,9-18hours,9-20hours,9-22hours,9-24hours,10-12hours,10-14hours,10-16hours, 

10-18hours,10-20hours,10-22hours,10-24hours,12-14hours,12-16hours,12-18hours, 

12-20hours,12-22hours,12-24hours,14-16hours,14-18hours,14-20hours,14-22hours, 

14-24hours,16-18hours,16-20hours,16-22hours,16-24hours,18-20hours,18-22hours, 

18-24hours,20-22hours,20-24hoursor22-24hoursafterirradiation.  

30 

DiseasedCellEngraftment 

Insomeembodimentstheimmunodeficientmouseisadministered/engraftedwith 

diseasedcells(e.g., fromacelllineorapatient-derivedxenograft)afterirradiation.Asused 

hereintheterm"diseasedcell"referstoacellwhichisfoundinadiseasedsubject(e.g., an 

hours,6-10hours,6-12hours,6-14hours,6-16hours,6-18hours,6-20hours,6-22hours,6-



WO2022/066894 PCT/IJS2021/051734 

24 

individualsufferingfromadiseaseorpathologicalconditionincludingcancer)andwhichis 

abnormalintermsofitsstructureand/orfunctioningand/ormetabolismand/orgenome 

comparedtoacellhavingastructurefunctionmetabolismandgenomethatare 

characteristicofaphysiologicalcellfoundinahealthysubject(e.g., anindividualnot 

5 sufferingfromadiseaseorcondition).Examplesofdiseasedcellsincludebutarenotlimited 

tocancerortumorcells(discussedbelow),diseasedvascularsmoothmusclecellsdiseased 

endothelialcells(e.g., inthecaseofatherosclerosis),diseasedcellsinfectedbyapathogen 

suchasavirus(e.g., inthecaseofinfectiousdiseases),anddiseasedcellsundergoingfibrosis 

(e.g., inthecaseoffibroticdiseases). Thephenotypephysicalaspectsorcharacteristicsof 

10 thediseasedcellswillvarydependingonthediseaseorcondition(e.g., cancer 

atherosclerosisfibroticdiseaseandinfectiousdiseaseetc.)andstandardtechniquesand 

knowledge(e.g., usingdisease-specificmarkers)canbeusedtodistinguishadiseasedcell 

fromanon-diseasedorhealthycelldependingonthediseaseorcondition.  

Diseasedcellsmaybeadministeredusinganymethodknownintheartforexample, 

15 intravenous(e.g., tailveininjection),subcutaneousintrafemoralintraventricular 

intracardialintrapentonealroutesofadministrationandthelike.Insomeembodimentsthe 

routeofadministrationisintravenousinfusion.  

Patient-DerivedXenograft(PDX)Cells 

20 Insomeembodimentstheimmunodeficientmouseisadministered/engraftedwitha 

tissuesthathavebeenremovedfromahuman.InsomeembodimentsthePDXcomprises 

tumorcells.Insomeembodimentsthetumorisfromahematologicalmalignancysuchas 

adultacutemyeloidleukemia(AML).Insomeembodimentsthetumorisasolidtumorsuch 

25 asthosefrombladdercancerbreastcancercervicalcancercoloncancerrectalcancer, 

endometrialcancerkidneycancerlipandoralcancer, livercancermelanoma 

mesotheliomanon-smallcelllungcancernonmelanomaskincancer, ovariancancer, 

pancreaticcancerprostatecancersarcomasmallcelllungcancerandthyroidcancer.  

Insomeembodimentstheimmunodeficientmiceareinjectedwithanappropriate 

30 numberofpatient-derivedcellssuchas0.1-10x106humandiseased(e.g., cancer)cells(e.g., 

0.1-5.0x106 humandiseasedcells).InsomeembodimentstheappropriateamountofPDX 

cellsis0.1-0.2x10 6 ,0.1-0.3x106 ,0.1-0.4x106 ,0.1-0.5x106 ,0.1-0.6x106 ,0.1-0.7x106 ,0.1

0.8x106 ,0.1-0.9x106 ,0.1-1.0x106 ,0.1-1.25x106 ,0.1-1.5x106 ,0.1-1.75x10 6 ,0.1-2.0x106 ,0.2

0.3x106 ,0.2-0.4x106 ,0.2-0.5x106 ,0.2-0.6x106 ,0.2-0.7x106 ,0.2-0.8x106 ,0.2-0.9x106 ,0.2

patient-derivedxenograft(PDX)comprisingdiseasedcells(e.g., tumorcells).PDXsare
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1.Ox106,0.2-1.25x106,0.2-1.5x106,0.2-1.75x106,O.2-2.Ox106,O.3-O.4x106,O.3-O.5x106,0.3

0.6x106 ,0.3-0.7x106 ,0.3-0.8x106 ,0.3-0.9x106 ,0.3-1.0x106 ,0.3-1.25x106 ,0.3-15x106 ,0.3

1.75x106 ,0.3-2.0x106 ,0.4-0.5x10 6 ,0.4-0.6x10 6 ,0.4-0.7x10 6 ,0.4-0.8x10 6 ,0.4-0.9x106 ,0.4

1.Ox106,0.4-1.25x106,0.4-1.5x106,0.4-1.75x106,0.4-2.Ox106,0.5-0.6x106,0.5-0.7x106,0.5

5 0.8x106,0.5-0.9x106,0.5-1.Ox106,0.5-1.25x106,0.5-1.5x106,0.5-1.75x106,0.5-2.Ox106,0.6

0.7x106 ,0.6-0.8x106 ,0.6-0.9x106 ,0.6-1.0x106 ,0.6-1.25x106 ,0.6-1.5x106 ,0.6-1.75x10 6 ,0.6

2.0x106,0.7-0.8x106,0.7-0.9x106,0.7-1.Ox106,0.7-1.25x106,0.7-1.5x106,0.7-1.75x106,0.7

2.0x106 ,0.8-0.9x106 ,0.8-1.0x106 ,0.8-1.25x10 6 ,0.8-1.5x106 ,0.8-1.75x106 ,0.8-2.0x106 ,0.9

1.0x106 ,0.9-1.25x10 6 ,0.9-1.5x106 ,0.9-1.75x10 6 ,0.9-2.0x106,1.0-1.25x106,1.0-1.5x10 6 , 

10 1.0-1.75x106 ,1.0-2.0x106,1.25-1.5x106,1.25-1.75x10 6 ,1.25-2.0x106 ,1.5-1.75x106 ,1.5

2.0x106 ,1.75-2.Oxl0 6 cancercells(e.g.,0.1x10 6 ,0.15x106 ,0.2x106 ,0.25x106 ,0.3x106 , 

0.35x106 ,0.4x106 ,0.45x106,0.Sx06,0.6x10 6 ,0.7x106,0.8x10 6 ,0.9x106,1.0x106,1.1x10 6 

1.2x106 1.3x106 ,1.4x106 ,1.5x106 ,1.6.0x106,1.7x10 6 ,1.8x106 ,1.9x106 ,2.OxlO6 ormore 

cells.  

15 InsomeembodimentsthePDXisintroducedintothemicebeforethePBMCsare 

engraftedandthehumanimmunecells(e.g., humanB-orTcellsorNKcells)appear.In 

someembodimentsaPDXisintroducedintoamouseimmediatelyafterirradiation.Insome 

embodimentsthePDXisintroduced5minutes,10minute,15minute,20minutes,25 

minutes,0.5hours,1hour,1.5hours,2hours,3hours,4hours,5hours,6hours,7hoursS 

20 hours,9hours,10hours,11hours,12hours,13hours,14hours,15hours,16hours,17 

ilTadiation.Insomeembodimentsthetumorcellsareintroduced1-2hours1-3hours,1-4 

hours,1-5hours,1-6hours,1-7hours,1-8hours,1-9hours,1-10hours,1-12hours,1-14 

hours,1-16hours,1-18hours,1-20hours,1-22hours,1-24hours,2-3hours,2-4hours,2-5 

25 hours,2-6hours,2-7hours, 2-Shours,2-9hours, 2-lOhours,2-l2hours,2-l4hours,2-16 

hours,2-18hours,2-20hours,2-22hours,2-24hours,3-4hours,3-5hours,3-6hours,3-7 

hours,3-8hours,3-9hours,3-10hours,3-12hours,3-14hours,3-16hours,3-18hours,3-20 

hours,3-22hours,3-24hours,4-5hours,4-6hours,4-7hours,4-8hours,4-9hours,4-10 

hours,4-12hours,4-14hours,4-16hours,4-18hours,4-20hours,4-22hours,4-24hours,5

30 6hours,5-7hours,5-8hours,5-9hours,5-10hours,5-12hours,5-14hours,5-16hours,5-18 

hours,5-20hours,5-22hours,5-24hours,6-7hours,6-8hours,6-9hours,6-10hours,6-12 

hours,6-14hours,6-16hours,6-18hours,6-20hours,6-22hours,6-24hours,7-8hours,7-9 

hours,7-lOhours,7-l2hours,7-l4hours,7-l6hours,7-iShours,7-20hours, 7-22hours, 7

24hours,8-9hours,8-10hours,8-12hours,8-14hours,8-16hours,8-18hours,8-20hours, 

hours,18hours,19hours,20hours,21hours,22hours,23hours,24hoursormoreafter
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8-22hours,8-24hours,9-10hours,9-12hours,9-14hours,9-16hours,9-18hours,9-20 

hours,9-22hours,9-24hours,10-12hours,10-14hours,10-16hours,10-18hours,10-20 

hours,1O-22hours,1O-24hours,12-l4hours,12-l6hours,12-iShours,12-2Ohours,12-22 

hours,12-24hours,14-l6hours,14-iShours,14-2Ohours,14-22hours,14-24hours,16-18 

5 hours,16-20hours,16-22hours,16-24hours,18-20hours,18-22hours,18-24hours,20-22 

hours,20-24hoursor22-24hoursafterirradiation.  

CellsandCellLines 

Insomeembodimentstheimmunodeficientmiceareengraftedwithprimarycells.  

10 Humanprimarycellsareisolateddirectlyfromtissuesandretainthemorphologicaland 

functionalcharacteristicsoftheirtissueoforigin.Insomeembodimentsaprimarycellisa 

cancercell.Insomeembodimentsaprimarycellisaneuronalcell.Insomeembodimentsa 

pnmarycellisametaboliccell.Insomeembodiments, apnmarycellisacardiaccell.Other 

pnmarycellsarecontemplatedherein.  

15 Insomeembodimentstheimmunodeficientmiceareengraftedwithstemcellssuch 

asinducedpluripotentstemcells(iPSCs).iPSCsareatypeofpluripotentstemcellthatcan 

begenerateddirectlyfromasomaticcell(seee.g.,TakahashiKetal.Cell.2006;126(4): 

663-76).  

Insomeembodimentstheimmunodeficientmiceareengraftedwithimmortalized 

20 cells(immortalizedcelllines).Immortalizedcelllinesarecellsthathavebeenmanipulatedto 

examplesofcommonlyusedimmortalizedcelllinesinclude3T3cellsHeLacellsCOScells 

293/293T/HEK-293TcellsMDCKcellsCHOcells,82cellsPC12cellsNeuro-2aIN2a 

cellsandSH-SY5Ycells.Otherimmortalizedcellsarecontemplatedhereinanddescribed 

25 below.  

Insomeembodimentstheimmunodeficientmiceareengraftedwithtumorcellsfrom 

tumorcelllines.Tumorcelllinesareknownintheartandarepubliclyaccessiblefor 

examplethroughATCCorothercollections.Insomeembodimentsthecelllineisfroma 

humantumor.InsomeembodimentsRajiacelllineassociatedwithhumanBcell 

30 lymphomaisused.InsomeembodimentsJeko-1acelllineassociatedwithhumanmantle 

celllymphomaisused.Examplesoftumorcelllinesincludebutarenotlimitedtohuman 

lungcarcinomacelllinessuchasA549(SRCC76S),Calu-1(SRCC769),Calu-6(SRCC77O), 

H157(SRCC771),H441(SRCC772),H460(SRCC773),SKMES-1(SRCC774),SW900 

(SRCC775),H522(SRCC832),andH810(SRCC833).  

proliferateindefinitelyandcanthusbeculturedforlongperiodsoftime.Non-limiting
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Insomeembodimentsthecelllineisassociatedwithhumanlungtumorssuchas 

SRCC724(adenocarcinomaabbreviatedas"AdenoCa")(LT1),SRCC72S(squamouscell 

carcinomaabbreviatedas"SqCCa)(LT1a),SRCC726(adenocarcinoma)(LT2),SRCC727 

(adenocarcinoma)(LT3),SRCC728(adenocarcinoma)(LT4),SRCC729(squamouscell 

5 carcinoma)(LT6),SRCC73O(adeno/squamouscellcarcinoma)(LT7),SRCC731 

(adenocarcinoma)(LT9),SRCC732(squamouscellcarcinoma)(LT1O),SRCC733 

(squamouscellcarcinoma)(LT11),SRCC734(adenocarcinoma)(LT12),SRCC73S 

(adeno/squamouscellcarcinoma)(LT13),SRCC736(squamouscellcarcinoma)(LT15), 

SRCC737(squamouscellcarcinoma)(LT16),SRCC738(squamouscellcarcinoma)(LT17), 

10 SRCC739(squamouscellcarcinoma)(LT18),SRCC74O(squamouscellcarcinoma)(LT19), 

SRCC741(lungcellcarcinomaabbreviatedas"LCCa")(LT21),SRCCS11 

(adenocarcinoma)(LT22), SRCC825(adenocarcinoma)(LTS), SRCCS86(adenocarcinoma) 

(LT25),SRCC887(squamouscellcarcinoma)(LT26),SRCC888(adeno-BACcarcinoma) 

(LT27),SRCCSS9(squamouscellcarcinoma)(LT2S),SRCCS9O(squamouscellcarcinoma) 

15 (LT29),SRCC891(adenocarcinoma)(LT3O),SRCC892(squamouscellcarcinoma)(LT31), 

SRCCS94(adenocarcinoma)(LT33).Alsoincludedarehumanlungtumorsdesignated 

SRCC112S[HF-000631],SRCC1127[HF-000641],SRCC1129[HF-000643],SRCC1133 

[HF-000840],SRCC1135[HF-000842],SRCC1227[HF-001291],SRCC1229[HF-001293], 

SRCC1230[HF-001294], SRCC1231[HF-001295], SRCC1232[HF-001296], SRCC1233 

20 [HF-001297],SRCC123S[HF-001299],andSRCC1236[HF-001300].  

ofcoloncancercelllinesincludebutarenotlimitedtoSW4SO(adenocarcinoma 

SRCC776),SW620(lymphnodemetastasisofcolonadenocarcinomaSRCC777),Colo32O 

(carcinomaSRCC77S),HT29(adenocarcinomaSRCC779),HM7(ahighmucinproducing 

25 variantofATCCcolonadenocarcinomacelllineSRCC7SO),CaWiDr(adenocarcinoma 

SRCC781),HCT116(carcinomaSRCC782),SKCO1(adenocarcinomaSRCC783),SW403 

(adenocarcinomaSRCC7S4),LS174T(carcinomaSRCC7SS),Colo2O5(carcinoma 

SRCCS28),HCT15(carcinomaSRCCS29),HCC2998(carcinomaSRCC83O),andKM12 

(carcinomaSRCC831).Primarycolontumorsincludecolonadenocarcinomasdesignated 

30 CT2(SRCC742),CT3(SRCC743),CTS(SRCC744),CT1O(SRCC74S),CT12(SRCC746), 

CT14(SRCC747),CT15(SRCC748),CT16(SRCC749),CT17(SRCC7SO),CT1 

(SRCC751),CT4(SRCC752),CT5(SRCC7S3),CT6(SRCC754),CT7(SRCC75S),CT9 

(SRCC756),CT11(SRCC757),CT1S(SRCC758),CT19(adenocarcinomaSRCC9O6), 

CT2O(adenocarcinomaSRCC9O7),CT21(adenocarcinomaSRCC9O8),CT22 

Insomeembodimentsthecelllineisassociatedwithhumancoloncancers.Examples
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(adenocarcinomaSRCC9O9), CT23(adenocarcinomaSRCC910), CT24(adenocarcinoma 

SRCC911),CT25(adenocarcinomaSRCC912),CT26(adenocarcinomaSRCC913),CT27 

(adenocarcinomaSRCC914),CT2S(adenocarcinomaSRCC915), CT29(adenocarcinoma 

SRCC916),CT3O(adenocarcinomaSRCC917),CT31(adenocarcinomaSRCC91S), 

5 CT32(adenocarcinomaSRCC919),CT33(adenocarcinomaSRCC92O),CT35 

(adenocarcinomaSRCC921),andCT36(adenocarcinomaSRCC922).Alsoincludedare 

humancolontumorsdesignatedSRCC1051[HF-000499], SRCC1052[HF-000539], 

SRCC1O53[HF-000575],SRCC1O54[HF-000698],SRCC1142[HF-000762],SRCC1144 

[HF-000789],SRCC1146[HF-000795]andSRCC1148[HF-OOO811].  

10 Insomeembodimentsthecelllineisassociatedwithhumanbreastcancers.Examples 

ofhumanbreastcarcinomacelllinesincludeforexampleHBL100(SRCC7S9),MB435s 

(SRCC76O),T47D(SRCC761),MB468(SRCC762),MB17S(SRCC763),MB361 

(SRCC764),BT2O(SRCC765),MCF7(SRCC766),andSKBR3(SRCC767),andhuman 

breasttumorcenterdesignatedSRCC1057[HF-000545]. Alsoincludedarehumanbreast 

15 tumorsdesignatedSRCC1O94,SRCC1O9SSRCC1O96,SRCC1O97,SRCC1O9S, 

SRCC1O99,SRCC1100,SRCC1101,andhumanbreast-met-lung-NStumordesignated 

SRCCS93[LT32].  

Insomeembodimentsthecelllineisassociatedwithhumankidneycancers.  

ExamplesofhumankidneytumorcelllinesincludeSRCC9S9[HF-000611]andSRCC1014 

20 [HF-000613].  

ExamplesofhumantestistumorcenterincludesSRCC1001[HF-000733]andtestistumor 

marginSRCC999[HF-000716].  

Insomeembodimentsthecelllineisassociatedwithhumanparathyroidcancers.  

25 ExamplesofhumanparathyroidtumorcelllinesincludeSRCC1002[HF-000831]and 

SRCC1003[HF-000832].  

Otherhumantumorcelllinesarecontemplatedherein.  

Insomeembodimentstheimmunodeficientmiceareinjectedwithanappropriate 

amountoftumorcellsfromacancercellline.Insomeembodimentstheimmunodeficient 

30 miceareinjectedwith0.25x106cancercells.Insomeembodimentstheappropriateamount 

oftumorcellsis0.1-0.2x106,0.1-0.3x106,0.1-0.4x106,0.1-0.5x106,0.1-0.6x106,0.1

0.7x106,0.1-0.8x106,0.1-0.9x106,0.1-1.0x106,0.1-1.25x106,0.1-1.5x106,0.1-1.75x106,0.1

2.0x106 ,0.2-0.3x106 ,0.2-0.4x106 ,0.2-0.5x106 ,0.2-0.6x106 ,0.2-0.7x106 ,0.2-0.8x106 ,0.2

0.9x106,0.2-1.Ox106,0.2-1.25x106,0.2-1.Sx106,0.2-1.75x106,0.2-2.Ox106,0.3-0.4x106,0.3

Insomeembodimentsthecelllineisassociatedwithhumantesticularcancers.
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O.5x106 ,O.3-O.6x10 6 ,O.3-O.7x10 6 ,O.3-O.8x10 6 ,O.3-O.9x10 6 ,O.3-1.0x106 ,O.3-1.25x10 6 ,0.3

1.Sx106,0.3-1.75x106,0.3-2.Ox106,0.4-0.Sx106,0.4-0.6x106,0.4-0.7x106,0.4-0.8x106,0.4

0.9x106,0.4-1.Ox106,0.4-1.25x106,0.4-1.5x106,0.4-1.75x106,0.4-2.Ox106,0.5-0.6x106,0.5

0.7x106,0.5-0.Sx106,0.5-0.9x106,0.5-1.Ox106,0.5-1.25x106,0.5-1.5x106,0.5-1.75x106,0.5

5 2.0x106 ,0.6-0.7x106 ,0.6-0.8x106 ,0.6-0.9x106 ,0.6-1.0x106 ,0.6-1.25x10 6 ,0.6-1.5x106 ,0.6

1.75x106,0.6-2.Ox106,0.7-0.Sx106,0.7-0.9x106,0.7-1.Ox106,0.7-1.25x106,0.7-1.5x106,0.7

1.75x106 ,0.7-2.0x106 ,0.8-0.9x106 ,0.8-1.0x106 ,0.8-1.25x10 6 ,0.8-1.5x106 ,0.8-1.75x10 6 , 

0.8-2.0x106 ,0.9-1.0x106 ,0.9-1.25x106 ,0.9-1.5x10 6 ,0.9-1.75x106 ,0.9-2.0x106 ,1.0

1.25x106 ,1.0-1.5x106 ,1.0-1.75x106 ,1.0-2.0x106 ,1.25-1.5x106 ,1.25-1.75x106,1.25

10 2.0x106 ,1.5-1.75x106 ,1.5-2.0x106 ,1.75-2.Oxl06 cancercells(e.g.,0.1x10 6 ,0.15x106 

0.2x106 ,0.25x106 ,0.3x106 ,0.35x106 ,0.4x106 ,0.45x106,0.5x06,0.6x10 6 ,0.7x106, 

0.8x106 ,0.9x106,1.0x106,1.1x10 6 1.2x106 1.3x106 ,1.4x106 ,1.5x106 , 1.6.0x106,1.7x10 6 , 

1.8x106 ,1.9x106 2.0x106 ormoretumorcells).  

Insomeembodimentsthecancercellsareintroducedintothemicebeforethe 

15 PBMCsareengraftedandthehumanimmunecells(e.g.,humanBcellsorTcellsorNK 

cells)appear.Insomeembodimentsthetumorcellsareintroducedimmediatelyafter 

ilTadiation.Insomeembodimentsthetumorcellsareintroduced5minutes10minute,15 

minute,20minutes,25minutes,0.5hours,1hour,1.5hours,2hours,3hours,4hours,5 

hours,6hours,7hours,8hours,9hours,10hours,11hours,12hours,13hours,14hours,15 

20 hours,16hours,17hours,18hours,19hours,20hours,21hours,22hours,23hours,24 

hours,1-3hours,1-4hours,1-5hours,1-6hours,1-7hours,1-8hours,1-9hours,1-10hours 

1-12hours,1-14hours,1-16hours,1-18hours,1-20hours,1-22hours,1-24hours,2-3 

hours,2-4hours,2-5hours,2-6hours,2-7hours,2-8hours,2-9hours,2-10hours,2-12 

25 hours,2-14hours,2-16hours,2-18hours,2-20hours,2-22hours,2-24hours,3-4hours,3-5 

hours,3-6hours,3-7hours,3-8hours,3-9hours,3-10hours,3-12hours,3-14hours,3-16 

hours,3-18hours,3-20hours,3-22hours,3-24hours,4-5hours,4-6hours,4-7hours,4-8 

hours,4-9hours,4-10hours,4-12hours,4-14hours,4-16hours,4-18hours,4-20hours,4

22hours,4-24hours,5-6hours,5-7hours,5-8hours,5-9hours,5-10hours,5-12hours,5-14 

30 hours,5-16hours,5-18hours,5-20hours,5-22hours,5-24hours,6-7hours,6-8hours,6-9 

hours,6-10hours,6-12hours,6-14hours,6-16hours,6-18hours,6-20hours,6-22hours,6

24hours,7-8hours,7-9hours,7-10hours,7-12hours,7-14hours,7-16hours,7-18hours,7

20hours,7-22hours,7-24hours,8-9hours,8-10hours,8-12hours,8-14hours,8-16hours, 

8-18hours,8-20hours,8-22hours,8-24hours,9-10hours,9-12hours,9-14hours,9-16 

hoursormoreafterirradiation.Insomeembodimentsthetumorcellsareintroduced1-2
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hours,9-18hours,9-20hours,9-22hours,9-24hours,10-12hours,10-14hours,10-16hours, 

10-18hours,10-20hours,10-22hours,10-24hours,12-14hours,12-16hours,12-18hours, 

12-20hours,12-22hours,12-24hours,14-16hours,14-18hours,14-20hours,14-22hours, 

14-24hours,16-18hours,16-20hours,16-22hours,16-24hours,18-20hours,18-22hours, 

5 18-24hours,20-22hours,20-24hoursor22-24hoursafterirradiation.  

MethodsforAssessingEfficacyofImmunecell(e.g.,TcellBcellNKcell)Therapy 

Insomeembodimentsthemethodisforassessingtheefficacyofanengineered 

immunecell(e.g.,TcellBcellorNKcell)therapy.InsomeembodimentsaPBMC 

10 humanizedmousediseasemodelcanbeestablishedbyengraftinganirradiated 

immunodeficientmicewithdiseasedcells(e.g., cellsfromaPDX). Afterthediseasedcells 

havegrownforasufficientamountoftimeinvivothemouseistreatedwiththeprospective 

engineeredimmunecell(e.g.,TcellBcellorNKcell)therapyandPBMCs.Insome 

embodimentsaPBMChumanizedmousecancermodelcanbeestablishedbyengraftingan 

15 irradiatedimmunodeficientmousewithtumorcells(e.g., cellsfromatumorcelllineora 

PDX).Afterthetumorhasgrownforasufficienttimeinvivothemouseistreatedwiththe 

prospectiveengineeredimmunecell(e.g.,TcellBcellorNKcell)therapyandPBMCs.By 

"sufficienttime,, Sitismeantthatthetumoristhesizeorhasthenumberoftumorcellsneeded 

tostudytheeffectsoftheengineeredimmunecell(e.g.,TcellBcellorNKcell)therapyor 

20 inthecaseofanon-cancerdiseasemousemodel,"sufficienttime"referstotheamountof 

engineeredimmunecell(e.g.,TcellBcellorNKcell)therapy.  

Withrespecttocancermousemodelsthetumorcellscanbegrowninthemouseto 

establishvaryingtumorburdens(e.g., thelongerthemouseisuntreatedthehigherthetumor 

25 burden).Asusedherein"tumorburdenreferstothetotalnumberofcancercellsorthetotal 

sizeofthetumor(s)inthemodelmouse.Tumorburdenscanbelowmoderateorhighand 

maybeexpressedasapercentageofthetotalbodyweightofthemouse.Hightumorburdens 

are>5%ofthebodyweightof'themouse(e.g.,5%,5.1%,5.2%,5.3%,5.4%,5.5%,5.6%, 

5.7%,5.8%,5.9%,6%ormore).Insomeembodimentsthehightumorburdenis5-5.2%,5

30 5.3%,5-5.4%,5-5.5%,5-5.6%,5-5/8%,5-5.8%,5-5.9%,5-2%,5.5-5.2%,5.5-5.3%,5.5

5.4%,5.5-5.5%,5.5-5.6%,5.5-5.7%,5.5-5.8%,5.5-5.9%,5.5-2%,5.2-5.3%,5.2-5.4%,5.2

5.5%,5.2-5.6%,5.2-5.7%,5.2-5.8%,5.2-5.9%,5.2-2%,5.3-5.4%,5.3-5.5%,5.3-5.6%,5.3

5.7%,5.3-5.8%,5.3-5.9%,5.3-2%,5.4-5.5%,5.4-5.6%,5.4-5.7%,5.4-5.8%,5.4-5.9%,5.4

2%,5.5-5.6%,5.5-5.7%,5.5-5.8%,5.5-5.9%,5.5-6%,5.6-5.7%,5.6-5.8%,5.6-5.9%,5.6-2%, 

timeneededtoobtainthenumberofdiseasedcellsnecessarytostudytheeffectsofthe
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5.7-5.8%,5.7-5.9%,5.7-2%,5.8-5.9%,5.8-2%, or5.9-6%.Moderatetumorburdensare 

1<5%ofthebodyweightofthemouse(e.g.,1%,1.25%,1.5%,1.6%,1.7%,1.8%,1.9%, 

1.95%,1.96%,1.97%,1.98%,1.99%,2%,2.25%,2.5%,2.75%,3%,3.25%,3.5%,3.75%, 

4%,4.25%4.5%,4.75%).Insomeembodimentsthemoderatetumorburdenis1.5-1.6%, 

5 1.5-1.7%,1.5-1.8%,1.5-1.9%,1.6-1.7%,1.6-1.8%,1.6-1.9%,1.7-1.8%,1.7-1.9%,or1.8

1.9%.Insomeembodimentsthemoderatetumorburdenis1-2%,1-2.25%,1-2.5%,1-2.75%, 

1-3%,1-3.25%,1-3.5%,1-3.75%,1-4%,1-4.25%,1-4.5%,1-4.75%,2-2.25%,2-2.5%,2

2.75%,2-3%,2-3.25%,2-3.5%,2-3.75%,2-4%,2-4.25%,2-4.5%,2-4.75%,2.5-2.75%,2.5

3%,2.5-3.25%,2.5-3.5%,2.5-3.75%,2.5-4%,2.5-4.25%,2.5-4.5%,2.5-4.75%,3-3.25%,3

10 3.5%,3-3.75%,3-4%,3-4.25%,3-4.5%,3-4.75%,3.5-3.75%,3.5-4%,3.5-4.25%,3.5-4.5%, 

3.5-4.75%,4-4.25%,4-4.5%,4-4.75%,or4.5-4.75%.Lowtumorburdensarelessthan1%of 

themousesbodyweight(e.g.,0.05%,0.1%,0.2%,0.3%,0.4%,0.45%,0.46%,0.47%, 

0.48%or0.49%).Insomeembodimentsthelowtumorburdenis0.1-0.2%,0.1-0.3%,0.1

0.4%,0.2-0.3%,0.2-0.4%,or0.3-0.4% 

15 Insomeembodimentstheengineeredimmunecell(e.g.,TcellBcellorNKcell) 

therapyisadministered1,2,3,4,5,6,7,8,9,10,11,12,13,or14daysafterthemousewas 

injectedwiththediseasedcells(e.g.,tumorcells)(e.g.,1-2days,1-3days,1-4days,1-5 

days,1-6days,1-7days,1-8days,1-9days,1-10days,1-11days,1-12days,1-13days,1-14 

days,2-3days,2-4days,2-5days,2-6days,2-7days,2-8days,2-9days,2-10days,2-11 

20 days,2-12days,2-13days,2-14days,3-4days,3-5days,3-6days,3-7days,3-8days,3-9 

days,4-9days,4-10days,4-11days,4-12days,4-13days,4-14days,5-6days,5-7days,5-8 

days,5-9days,5-10days,5-11days,5-12days,5-13days,5-14days,6-7days,6-8days,6-9 

days,6-10days,6-11days,6-12days,6-13days,6-14days,7-8days,7-9days,7-10days,7

25 11days,7-12days,7-13days,7-14days,8-9days,8-10days,8-11days,8-12days,8-13 

days,8-14days,9-10days,9-11days,9-12days,9-13days,9-14days,11-12days,11-13 

days,11-14days,12-13days,12-14daysor13-14days).OptionallythehumanPBMCs 

maybeadministeredwithengineeredimmunecell(e.g.,TcellBcellorNKcell)therapy 

(e.g., inthesamedoseorinadifferentdosesimultaneously).Theengineeredimmunecell 

30 (e.g.,TcellBcellorNKcell)therapywhichcanincludeanyoftheengineeredimmune 

cell(e.g.,TcellBcellorNKcell)constructsdescribedhereinmaybeadministeredata 

doseof1-20x10 6 engineeredimmunecells(e.g.,TcellsBcellsorNKcells)cellsfor 

example1-2x10 6 1-3x106 1-4x106 ,1-5x106 ,1-6x106 ,1-7x106 ,1-8x106 ,1-9x106 ,1-10x106 

1-12x106,1-14x10 6 ,1-16x106 ,1-18x106,1-20x10 6 ,2-3x106 ,2-4x106 ,2-5x106,2-6x106,2

days,3-10days,3-11days,3-12days,3-13days,3-14days,4-5days,4-6days,4-7days,4-8
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7x106 ,2-8x106 ,2-9x106 ,2-10x106 ,2-12x106,2-14x10 6 ,2-16x106,2-18x10 6 ,2-20x106 ,3

4x106 ,3-5x106 ,3-6x106 ,3-7x106 ,3-8x106 ,3-9x106 ,3-10x106 ,3-12x106 ,3-14x106 ,3

16x106 ,3-18x106 ,3-20x106 ,4-5x106 ,4-6x106 ,4-7x106 ,4-8x106 ,4-9x106 ,4-10x106 ,4

12x106,4-14x10 6 ,4-16x106,4-18x10 6 ,4-20x106 ,5-6x106 ,5-7x106 ,5-8x106 ,5-9xlOt5

5 10x106 ,5-12x106 ,5-14x106 ,5-16x106 ,5-18x106 ,5-20x106 ,6-7x106 ,6-8x106 ,6-9x106 ,6

10x106 ,6-12x106 ,6-14x106 ,6-16x106 ,6-18x106 ,6-20x106,7-8x10 6 ,7-9x106,7-10x10 6 ,7

12x106,7-14x10 6 ,7-16x106,7-18x10 6 ,7-20x106 ,8-9x106 ,8-10x106 ,8-12x106 ,8-14x106 ,8

16x106 ,8-18x106 ,8-20x106 ,9-10x106 ,9-12x106 ,9-14x106 ,9-16x106 ,9-18x106 ,9-20x106 , 

1O-12x106 ,1O-14x106 ,1O-16x106 ,1O-18x106 ,1O-20x106,12-14x106,12-16x106,12-18x106, 

10 12-20x106,14-16x106,14-18x10 6 ,14-20x106,16-18x10 6 ,16-20x106,18-20x10 6 engineered 

immunecells.Insomeembodimentsthemouseisadministeredadoseof1x10 6 ,2x106 , 

3x106 ,4x106 ,5x106 ,6x106 ,7x106 ,8x106 ,9xlOt10x106,11x10 6 ,12x106 ,13x106 ,14x106 , 

15x106 ,16x106 ,17x106 ,18x106 ,19x106 ,20x106 ormoreengineeredimmunecells.Insome 

embodimentsthemouseisadministeredonedoseofengineeredimmunecell(e.g.,TcellB 

15 cellorNKcell)therapy.Insomeembodimentsthemouseisadministered1-2,1-3,1-4,1-5, 

2-3,2-4,2-5,3-4,3-5,or4-5doses(e.g.,2,3,4,5,ormoredoses)ofengineeredimmunecell 

(e.g.,TcellBcellorNKcell)therapy.Insomeembodimentstheinitialdoseisdividedinto 

twoormoresmallerdosestomitigatetheriskofsideeffects(e.g., insteadofadministering 

oneinitialdosehalftheinitialdoseisadministeredtwice).Thetimebetweenadministrations 

20 canbeforexample,12hours1day,2days,3days,4days,5days,6days,7days,8days,9 

1-3days,1-4days,1-5days,1-6,days,1-7days,1-8days,1-9days,1-10days,2-3days,2-4 

days,2-5days,2-6days,2-7days,2-8days,2-9days,2-10days,3-4days,3-5days,3-6 

days,3-7days,3-8days,3-9days,3-10days,4-5days,4-6days,4-7days,4-8days,4-9 

25 days,4-10days,5-6days,5-7days,5-8days,5-9days,5-10days,6-7days,6-8days,6-9 

days,6-10days,7-8days,7-9days,7-10days,8-9days,8-10daysor9-10days.  

Insonie s U? ~f arid/ortoxiciLv.01 
B 

LU UCMJIIUCU31~it3iI1 4  L'L.  any .111 . I ~ ., %r~6IL Of 

6d.i{ftl½tJlttypesofengineeredimmunecelltherapiesareassessedsirruiltai:mtousiv, 

30 InsomeembodimentsthehumanPBMCsareengraftedbeforethehumanengineered 

immunecell(e.g.,TcellBcellorNKcell)therapy.Forexampleinsomeembodimentsthe 

humanPBMCsareengraftedimmediatelybeforetheengineeredimmunecell(e.g.,TcellB 

cellorNKcell)therapy.InsomeembodimentsthehumanPBMCsareengrafted0.5-6days 

beforethehumanengineeredimmunecell(e.g.,TcellBcell, orNKcell)therapyis 

days,10daysormore.Insomeembodimentsthetimebetweenadministrationsis1-2days,
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administerede.g.,0.5days,1day,1.5days,2days,2.5days,3days,3.5days,4days,4.5 

days,5days,5.5daysor6days.InsomeembodimentsthehumanPBMCsareadministered 

1-2days,1-3days,1-4days,1-5days,1-6days,2-3days,2-4days,2-5days,2-6days,3-4 

days,3-5days,3-6days,4-5days,4-6daysor5-6daysbeforethehumanengineered 

5 immunecell(e.g.,TcellBcellorNKcell)therapyisadministered.  

Aswillbeappreciatedbythoseofskillinthearttheengineeredimmunecell(e.g.,T 

cellBcellorNKcell)therapycanbeadministeredtoPBMChumanizedmiceusingany 

applicablerouteofadministration.Exemplaryroutesofadministrationincludebutnot 

limitedtointravenous(e.g., viatailvein),subcutaneousintrafemoralintraventricular 

10 intracardialintrapentonealroutesofadministration.Insomeembodimentstherouteof 

administrationisintravenousinjectionviatailvein.  

InsomeembodimentsthePBMCsandtheimmunecellsforengineeredimmunecell 

(e.g.,TcellBcellorNKcell)therapyarefromthesamesubject(thetwocelltypesare 

autologous).InotherembodimentsthePBMCsandtheimmunecellsarefromdifferent 

15 subjects(thetwocelltypesareallogeneic).Forexamplethemodelsdescribedhereinmaybe 

usedtotestauniversalallogeneicengineeredimmunecell(e.g.,TcellBcellorNKcell) 

therapy.InsomeembodimentsthePBMCstheimmunecells(e.g., TcellsBcellsNK 

cells),andthetumorcellsarefromthesamesubject.InsomeembodimentsthePBMCs, 

immunecells(e.g., TcellsBcellsNKcells),andtumorcellsarefromtwoormoresubjects 

20 (e.g., thePBMCsandimmunecellsarefromonesubjectandthetumorcellsarefroma 

arefromadifferentsubject;ortheimmunecellsandthetumorcellsarefromonesubjectand 

thePBMCsarefromadifferentsubject).Insomeembodimentsasubjectfromwhichthe 

PBMCsand/orimmunecells(e.g.,TcellsBcellsNKcells)areobtainedisahumansubject.  

25 Othermammalsarecontemplatedherein.  

Followingadministrationoftheengineeredimmunecell(e.g.,TcellBcellorNK 
S 

cell)therapyacandidateagenteffectiveforthetreatmentofCRStreatment(e.g., anti

cytokinetreatment)maybeadministered(e.g., topreventorreducetheeffectsofCRS).In 

someembodimentsthemousemodelsareusedtodetemuiinewhetheracandidateCR8 

30 treatmentwilleliminateorreduceCR8inresponsetoaspecificengineeredimmunecell 

(e.g.,TcellBcellorNKcell)therapyasdescribedherein.InsomeembodimentstheCR8 

treatmentisadministeredsimultaneouslywiththeengineeredimmunecell(e.g.,TcellB 

cellorNKcell)therapy.InsomeembodimentstheCR8treatmentisadministered1minute 

2minutes,3minutes,4minutes,5minutes,6minutes,7minutes,8minutes,9minutes,10 

differentsubject~thePBMCsandthetumorcellsarefromonesubjectandtheimmunecells
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minutes,15minutes,20minutes,25minutes,30minutes,35minutes,40minutes,45 

minutes,50minutes,55minutes,1hour,1.5hours,2hours,2.5hours,3hours,3.5hours,4 

hours,5hours,6hours,7hours,8hours,9hours10hours,11hours,12hours1day,2days, 

3days,4days,5days,6days,7daysSdays,9days,10days,11days,12daysormoreafter 

5 theengineeredimmunecell(e.g.,TcellBcell, orNKcell)therapyhasbeenadministered.In 

someembodimentstheCRStreatmentisadministered1-5minutes,1- 10minutes,1-15 

minutes,1-2Ominutes,1-3Ominutes,1-45minutes,1-6Ominutes,2-5minutes,2-lOminutes 

2-15minutes,2-20minutes,2-30minutes,2-45minutes,2-60minutes,3-5minutes,3-10 

minutes,3-15minutes,3-20minutes,3-30minutes,3-45minutes,3-60minutes,4-5minutes 

10 4-10minutes,4-15minutes,4-20minutes,4-30minutes,4-45minutes,4-60minutes,5-10 

minutes,5-20minutes,5-30minutes,5-45minutes,5-60minutes,10-20minutes,10-30 

minutes,10-40minutes,10-50minutes,10-60minutes,15-30minutes,15-45minutes,15-60 

minutes,30-45minutes,30-60minutes,1-2hours,1-3hours,1-4hours,1-5hours,1-6hours 

1-7hours,1-8hours,1-9hours,1-10hours,1-11hours,1-12hours,2-3hours,2-4hours,2-5 

15 hours,2-6hours,2-7hours,2-8hours,2-9hours,2-10hours,2-11hours,2-12hours,3-4 

hours,3-5hours,3-6hours,3-7hours,3-8hours,3-9hours,3-10hours,3-11hours,3-12 

hours,4-5hours,4-6hours,4-7hours,4-8hours,4-9hours,4-10hours,4-11hours,4-12 

hours,5-6hours,5-7hours,5-8hours,5-9hours,5-10hours,5-11hours,5-12hours,6-7 

hours,6-8hours,6-9hours,6-10hours,6-11hours,6-12hours,7-8hours,7-9hours,7-10 

20 hours,7-11hours,7-12hours,8-9hours,8-10hours,8-11hours,8-12hours,9-10hours,9

20hours,12-24hours1-2days,1-3days,1-4days,1-5days,1-6days,1-7days,1-8days,1

9days,1-10days,1-11days,1-12days,2-3days,2-4days,2-5days,2-6days,2-7days,2-8 

days,2-9days,2-10days,2-11days,2-12days,3-4days,3-5days,3-6days,3-7days,3-8 

25 days,3-9days,3-10days,3-11days,3-12days,4-5days,4-6days,4-7days,4-8days,4-9 

days,4-10days,4-11days,4-12days,5-6days,5-7days,5-8days,5-9days,5-10days,5-11 

days,5-12days,6-7days,6-8days,6-9days,6-10days,6-11days,6-12days,7-8days,7-9 

days,7-10days,7-11days,7-12days,8-9days,8-10days,8-11days,8-12days,9-10days, 

9-11days,9-12days,10-11days,10-12daysor11-12daysaftertheengineeredimmunecell 

30 (e.g.,TcellBcellorNKcell)therapyhasbeenadministered.Insomeembodimentsthe 

CRStreatmentisadministeredprophylacticallysuchas1minute,2minutes,3minutes,4 

minutes,5minutes,6minutes,7minutes,8minutes,9minutes,10minutes,15minutes,20 

minutes,25minutes,30minutes,35minutes,40minutes,45minutes,50minutes,55 

minutes,1hour,1.5hours,2hours,2.5hours,3hours,3.5hours,4hours,5hours,6hours,7 

11hours,9-12hours,10-11hours,10-12hours,11-12hours,12-16hours,12-18hours,12-
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hours,8hours,9hours,10hours,11hours12hours1day,2days,3daysor4daysbefore 

theengineeredimmunecell(e.g.,TcellBcell, orNKcell)therapyisadministered.Insome 

embodimentstheCRStreatmentisadministered1-5minutes,1- 10minutes,1- 15minutes,1

20minutes,1-30minutes,1-45minutes,1-60minutes,2-5minutes,2-10minutes,2-15 

5 minutes,2-2Ominutes,2-3Ominutes,2-45minutes, 2-6Ominutes,3-Sminutes,3-lOminutes 

3-15minutes,3-20minutes,3-30minutes,3-45minutes,3-60minutes,4-5minutes,4-10 

minutes,4-l5minutes,4-2Ominutes,4-3Ominutes,4-45minutes,4-6Ominutes,5-1O 

minutes,5-20minutes,5-30minutes,5-45minutes,5-60minutes,10-20minutes,10-30 

minutes,10-40minutes,10-50minutes,10-60minutes,15-30minutes,15-45minutes,15-60 

10 minutes,30-45minutes,30-60minutes,1-2hours,1-3hours,1-4hours,1-5hours,1-6hours 

1-7hours,1-8hours,1-9hours,1-10hours,1-11hours,1-12hours,2-3hours,2-4hours,2-5 

hours,2-6hours,2-7hours,2-8hours,2-9hours,2-10hours,2-11hours,2-12hours,3-4 

hours,3-5hours,3-6hours,3-7hours,3-8hours,3-9hours,3-10hours,3-11hours,3-12 

hours,4-5hours,4-6hours,4-7hours,4-8hours,4-9hours,4-10hours,4-11hours,4-12 

15 hours,5-6hours,5-7hours,5-8hours,5-9hours,5-10hours,5-11hours,5-12hours,6-7 

hours,6-8hours,6-9hours,6-10hours,6-11hours,6-12hours,7-8hours,7-9hours,7-10 

hours,7-11hours,7-12hours,8-9hours,8-10hours,8-11hours,8-12hours,9-10hours,9

11hours,9-12hours,10-11hours,10-12hours,11-12hours,12-16hours,12-18hours,12

20hours,12-24hours1-2days,1-3days,1-4days,2-3days,2-4daysor3-4daysbefore 

20 theengineeredimmunecell(e.g.,TcellBcell, orNKcell)therapyhasbeenadministered.  

TcellBcellorNKcell)therapy(andoptionallyaCRStreatment),themouseisobserved 

toassesstheefficacyoftheengineeredimmunecell(e.g.,TcellBcellorNKcell)therapy.  

Asusedherein efficacyreferstotheabilityofthetherapyadministeredtoasubjectto 

25 produceatherapeuticeffectinthesubject.Insomeembodimentsthetherapycomprises 

engineeredimmunecell(e.g.,TcellBcellorNKcell)therapy.Insomeembodimentsthe 

therapycomprisesengineeredimmunecell(e.g.,TcellBcellorNKcell)therapyandanti

cytokinetherapy.Insomeembodimentsthemousemodelsareusedtodeterminewhethera 

candidateCRStreatmentwilleliminateorreduceCRSinresponsetoaspecificengineered 

30 immunecell(e.g.,TcellBcellorNKcell)therapyasdescribed S By"eliminate it 

ismeantthattheCRStreatmentreducesthelevelofcirculatingcytokinesfollowing 

engineeredimmunecell(e.g.,TcellBcellorNKcell)therapyinthemousetothelevelof 

circulatingcytokinespresentinthemousepriortoadministrationoftheengineeredimmune 

cell(e.g.,TcellBcell, orNKcell)therapyortothelevelofcirculatingcytokinesina 

AfterthePBMChumanizedmouseisadministeredtheengineeredimmunecell(e.g.,
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controlmousethatdidnotreceivetheengineeredimmunecell(e.g.,TcellBcellorNK 
,, S cell)therapy.By"reduce itismeantthattheCR8treatmentreducesthelevelofcirculating 

cytokinesfollowingengineeredimmunecell(e.g.,TcellBcell, orNKcell)therapyinthe 

mousetoalevelthatislowerthanwouldbefoundinamouseadministeredtheengineered 

5 immunecell(e.g.,TcellBcellorNKcell)therapywithouttheCRStreatment.Insome 

embodimentstheCRStreatmentreducesthecirculatingcytokinelevel(e.g., thecytokine 

levelofoneormorecytokines)5%,10%,15%,20%,25%,30%,35%,40%,45%,50%, 

55%,60%,65%,70%,75%,80%,85%,90%,95%,ormore.Insomeembodimentsthe 

circulatingcytokinelevel(e.g., oneormorecytokines)inthemouseisreduced10-20%,10

10 30%,10-40%,10-50%,10-60%,10-70%,10-80%,10-90%,10-100%,20-30%,20-40%,20

50%,20-60%,20-70%,20-80%,20-90%,20-100%,30-40%,30-50%,30-60%,30-70%,30

80%,30-90%,30-100%,40-50%,40-60%,40-70%,40-80%,40-90%,40-100%,50-60%, 

50-70%,50-80%,50-90%,50-100%,60-70%,60-80%,60-90%,60-100%,70-80%,70-90%, 

70-100%,80-90%,80-100%,or90-100%.  

15 Todeterminetheefficacyoftheengineeredimmunecell(e.g.,TcellBcellorNK 

cell)therapytumorgrowthcanbemonitoredforexamplewithinvivobioluminescence 

imaging(BLI)asdescribedhereingenomicstudieshistologystudiesorwithanyother 

methodof S 

measunngorapproximatingthevolumeofatumor.Efficacymaybedetermined 
byusingtheResponseEvaluationCriteriainSolidTumors(RECIST)criteriathe3-category 

20 methodthe4-responsemRECJSTcriterionandthe5-categorymethod(Eisenhaueretal., 

FurJCancer,2009,45(2):228-247~Bertottietal.,Nawre.2015~526(7572):263-7~Gaoet 

49(7):928-40).Othermeasurementsofefficacyrelatetotumorvolumeandincludebutare 

notlimitedtoprogression-freesurvivaltumorvolumedoublingtimerelativetumorvolume 

25 (RTV),tumorgrowthinhibition(changesintumorvolumerelativetoinitialtumorvolume), 

andtumorgrowthrate.Progression-freesurvivalisthelengthoftime S 

duringandfollowing 
treatmentwhenthesubjecthasthediseasebutitdoesnotgetworse(e.g., theamountoftime 

duringandafterengineeredimmunecell(e.g.,TcellBcellorNKcell)therapythatthe 

tumordoesnotgrow).Tumorvolumedoublingtime(DT)istheamountoftimeittakesthe 

30 tumorvolumetodouble(fasterdoublingtimesindicateamoremalignanttumor)and 

typicallydeterminedfromtwovolumeestimationswithmeasurementtimeintervals 

comparablewithorshorterthanDT.Relativetumorvolumeistherelativeintumorvolume 

overtimeandiscalculatedas:(absolutetumorvolumeondayX)x(100/absolutetumor 

volumeonday0).Day0isthedaytheengineeredimmunecell(e.g.,TcellBcellorNK 

al.,NatMed.2015;21(11):1318-25,Houghtonetal.,PediatrBloodCancer.2007;
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cell)therapybegins.Similarlytumorgrowthinhibition(TGJ),whichisexpressedasa 

percentageexaminesthechangesintumorvolumerelativetotheinitialtumorvolumeusing 

theformula:(1- (meanvolumeoftreatedtumors)/(meanvolumeofcontroltumors))x 

100%.Tumorgrowthrateisestimatedusingavarietyofdifferentmodels.Foran 

5 exponentiallygrowingtumorthegrowthrateisproportionaltoitsvolume:(1/V)x(dV/dI~), 

whereVisthevolumeofthetumoranddVanddiiarethechangeinvolumeandtime 

respectively.  

Thetumorvolumecanbemeasuredanynumberoftimesthroughoutthetimecourse 

experiment(e.g.,1,2,3,4,5,6,7,8,9,10ormoretimes).Insomeembodimentsthetumor 

10 volumeismeasured1-2times,1-3times,1-4time,1-5times,1-6times,1-7times,1-8times 

1-9times,1-10times,2-4times,2-6times,2-8times,2-10times,3-6times,3-8times,3-10 

times,4-6times,4-8times,4-10times,5-8times,5-10times,6-8times,6-10times,7-10 

times,8-10timesor9-10times.Thetumorvolumemaybemeasuredovertimeforexample 

1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,2lormoredaysafter 

15 engraftmentwiththetumorcells.Insomeembodimentsthetumorvolumeismeasured1-2 

days,1-3days,1-4days,1-5days,1-6days,1-7days,1-8days,1-9days,1-10days,1-11 

days,1-12days,2-3days,2-4days,2-5days,2-6days,2-7days,2-8days,2-9days,2-10 

days,2-11days,2-12days,3-4days,3-5days,3-6days,3-7days,3-8days,3-9days,3-10 

days,3-11days,3-12days,4-5days,4-6days,4-7days,4-8days,4-9days,4-10days,4-11 

20 days,4-12days,5-6days,5-7days,5-8days,5-9days,5-10days,5-11days,5-12days,6-7 

days,7-12days,8-9days,8-10days,8-11days,8-12days,9-10days,9-11days,9-12days, 

10-11days,10-12days,10-14days,10-16days,10-18days,10-20days,10-21days,12-14 

days,12-16days,12-18days,12-20days,12-21days,14-16days,14-18days,14-20days, 

25 14-21days,15-16days,15-18days,15-20days,15-21days,16-18days,16-20days,16-21 

days,17-19days,17-21days,18-19days,18-20days,18-21days,19-20days,19-21daysor 

20-21days.  

Insomeembodimentsthechangeintumorvolumeisindicativeoftheefficacyofthe 

humanengineeredimmunecell(e.g.,TcellBcellorNKcell)therapy(andoptionallythe 

30 CRStreatment).Insomeembodimentsthetumorvolumeinamousetreatedwithhuman 

engineeredimmunecell(e.g.,TcellBcellorNKcell)therapymaybecomparedtothe 

tumorvolumeinamousethatwasnottreatedwiththehumanengineeredimmunecell(e.g., 

TcellBcellorNKcell)therapy.Insomeembodimentsthetumorvolumeisreduced5%, 

10%,15%,20%,25%,30%,35%,40%,45%,50%,55%,60%,65%,70%,75%,80%,85%, 

days,6-8days,6-9days,6-10days,6-11days,6-12days,7-8days,7-9days,7-10days,7-11
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90%,95%,ormorerelativetoamousethatdidnotreceivethehumanengineeredimmune 

cell(e.g.,TcellBcell, orNKcell)therapyorrelativetoanearliertimepoint.Insome 

embodimentsthetumorvolumeisreduced10-20%,10-30%,10-40%,10-50%,10-60%,10

70%,10-80%,10-90%,10-100%,20-30%,20-40%,20-50%,20-60%,20-70%,20-80%,20

5 90%,20-100%,30-40%,30-50%,30-60%,30-70%,30-80%,30-90%,30-100%,40-50%, 

40-60%,40-70%,40-80%,40-90%,40-100%,50-60%,50-70%,50-80%,50-90%,50-100%, 

60-70%,60-80%,60-90%,60-100%,70-80%,70-90%,70-100%,80-90%,80-100%,or90

100%relativetoamousethatdidnotreceivethehumanengineeredimmunecell(e.g.,Tcell, 

BcellorNKcell)therapyorrelativetoanearliertimepoint.  

10 CRSinductionmayalsobemonitoredthroughbodyweightmeasurementasacute 

toxicityrelatestosignificantmousebodyweightloss.Furtherclinicalobservationsmaybe 

indicativeofCRS. ExamplesofclinicalobservationsrelevanttoCRSinclude:ahunched 

posturewithtiptoe/abnormalgaitreducedactivity(e.g., notmovingunlessbeingstimulated), 

and/ornon-responsivenesstotouch.Survivalrate(andduration)mayalsobeusedtoevaluate 

15 theefficacyofahumanengineeredimmunecell(e.g.,TcellBcellorNKcell)therapy 

(and/oranti-CRStreatment).  

Efficacymayalsobeevaluatedbyexaminingcytokine-inducedliverandkidney 

damage.Thismaybedeterminedforexamplebyaserumbiochemicalanalysisofliver

kidneyfunctionsuchasmeasuringlevelsofaspartatetransaminase(AST),albumintotal 

20 bilirubincreatinineandbloodureanitrogen.  

indicativeoftheefficacyofthehumanengineeredimmunecell(e.g.,TcellBcellorNK 

cell)therapy(andoptionallytheCRStreatment).Ahealthymousesliverweightis 
S.  

approximately5%ofitsbodyweight.Injectionoftumorcells(e.g., Raji5uccells)leadsto 

25 disseminationofthetumorcellstotheliverincreasingtheliverweight.Bymeasuringthe 

weightoftheliverafterengineeredimmunecell(e.g.,TcellBcellorNKcell)therapy 

(and/oranti-CRStreatment),onemaydeterminewhetherthetreatmenteffectivelyeliminated 

orreducedtumorcellaccumulationintheliver.  

30 MethodsforAssessingSideEffectsofCARImmuneCell(e.g.,TcellBcellNKcell) 

Therapy 

Insomeembodimentsthemethodsdescribedhereinmaybeusedtoassessthe 

possiblesideeffectsofengineeredimmunecell(e.g.,TcellBcellorNKcell)therapy.  

Possiblesideeffectsincludebutarenotlimitedtocytokinereleasesyndrome(CRS), 

Insomeembodimentsthechangeinliverweightofpreclinicalmousemodelis
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macrophageactivationsyndrome(MAS), neurotoxicity(encephalopathysyndrome), tumor 

lysissyndrome(TLS),anaphylaxison-targetoff-tumortoxicityandBcellaplasia.  

WithrespecttoCRScertaincytokinescanbemeasuredinabloodsamplefromthe 

PBMChumanizedmousemodelfollowingadministrationoftheengineeredimmunecell 

5 (e.g.,TcellBcellorNKcell)therapyand/orCRStreatment.Forexamplethecytokine 

maybeselectedfromthegroupconsistingofJFN-yIL-lOJL-6,JL-2,JL-4andTNFa.The 

levelofcytokinemeasuredisindicativeoftheseverityofimmunotoxicityoftheengineered 

immunecell(e.g.,TcellBcellorNKcell)therapy.Insomeembodimentsthemethod 

furthercomprisesdeterminingthattheseverityofimmunotoxicityoftheengineeredimmune 

10 cell(e.g.,TcellBcell, orNKcell)therapyishigh(e.g., thelikelihoodofCR8inductionis 

high)when:anJFN-ylevelinthemouseis>1,800pg/ml±10%anIL-lOlevelinthemouse 

is>120pg/ml±10%anJL-6levelinthemouseis>25pg/ml . anJL-2levelinthe 

mouseis>80pg/ml±10%~anJL-4levelinthemouseis>120pg/ml±10%~TNFulevelin 

themouseis>120pg/ml±10%;MCP-1levelinthemouseis>120pg/ml±10%;GM-CSF 

15 levelinthemouseis>600pg/ml±10%and1L8levelinthemouseis>15pg/ml±10%.  

Macrophageactivationsyndrome(MAS)orhemophagocyticlymphohistiocytosis 

(HLH),whichclinicallymanifestsasliverdysfunctionincreasedferritinlevelsandinsome 

casesdecreasedfibrinogenlevelsmayalsobeexaminedusingthemousemodelsdescribed 

herein.MacrophagesmediatethemajorproductionofcytokinesincludingJL-6,IL-1, and 

20 JFN-7,andtheiractivation(MAS)isthoughttoplayaroleinCRS(Haoetal.,Experimental 

mousemodelmayindicatethatthattheengineeredimmunecell(e.g.,TcellBcellorNK 

cell)therapymayresultinMAS. LikewisethemousemaybeadministeredaMAStreatment 

todeterminewhetherthetreatmentwouldpreventorreduceMASinthehumansubject.  

25 ExamplesofMAStreatmentsincludebutarenotlimitedtoglucocorticoids(e.g., 

methylprednisonedexamethasone),cyclosporinAetoposideimmunoglobulinsand 

cyclophosphamide.  

Neurotoxicity(encephalopathysyndrome), orimmuneeffectorcell-associated 

neurotoxicitysyndrome(ICANS)candevelopapproximately5-17daysafterengineered 

30 immunecell(e.g.,TcellBcellorNKcell)therapyinhumans(Herlopianetal.,Neurology, 

2018,91(5):227-229).Itischaracterizedbyglobalencephalopathyaphasiaseizure/seizure

likeactivity, obtundationtremor/myoclonusandhallucinations. Subjectswithneurotoxicity 

alsohavehighlevelsofJFN-yJL-6,andTNF-a.Elevatedlevelsofthethreecytokinesinthe 

mousemodelmayindicatethattheengineeredimmunecell(e.g.,TcellBcellorNKcell) 

Hematology&Oncology,2020,9:15).Therefore, elevatedlevelsofthethreecytokinesinthe
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therapymayresultinneurotoxicity.Thereforeinsomeembodimentsthemousemaybe 

administeredaneurotoxicitytreatmenttodeterminewhetherthetreatmentwouldpreventor 

reduceneurotoxicityinthehumansubject.Examplesofneurotoxicitytreatmentsincludebut 

arenotlimitedtocorticosteroids(e.g., dexamethasoneprednisone),anti-JL-6antibodies 

5 (e.g., siltuximab),andplatelethypertransfusion.  

AdditionalEmbodiments 

Additionalembodimentsrelatingtotheuseofthepresentdisclosureareprovidedin 

thenumberedparagraphsbelow: 

10 1. Amethodcomprising: 

engraftinganimmunodeficientmousewithtumorcells 

engraftingthemousewithhumanperipheralbloodmononuclearcells(PBMCs)~ 

administeringtothemousehumanimmunecellsengineeredtoexpressachimeric 

antigenreceptor(CAR)thatspecificallytargetsacellsurfaceantigenontumorcells(human 

15 CARimmunecells)~and 

assayingthemouseforinductionofcytokinereleasesyndrome(CRS)and/orefficacyofthe 

humanCARimmunecellsfortreatingthetumorcells.  

2. Themethodofparagraph1comprisingengraftingthemousewithapatientderived 

xenograft(PDX)comprisingthetumorcells.  

20 3. Themethodofparagraph1orparagraph2,whereinthemouseisengraftedwith0.1

4. Themethodofparagraph3,whereinthemouseisengraftedwithO.25-O.5x106tumor 

cells.  

5. Themethodofanyoneoftheprecedingparagraphswhereinthetumorcellsarefrom 

25 atumorcelllineorapatient-derivedxenograft(PDX).  

6. Themethodofanyoneoftheprecedingparagraphsfurthercomprisingirradiatingthe 

mouse.  

7. Themethodofparagraph6,whereinthemouseisengraftedwiththetumorcells 

immediatelyafterirradiatingthemouse.  

30 8. Themethodofparagraph6,whereinthemouseisengraftedwiththetumorcells4-24 

hoursafterirradiatingthemouse.  

9. Themethodofanyoneoftheprecedingparagraphswhereinthemouseisengrafted 

withO.5-3.0x107PBMCs.  

10. Themethodofparagraph9,whereinthemouseisengraftedwith1.Sx107PBMCs.  

5.0x106tumorcells.
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11. Themethodofanyoneofparagraphs6-10,whereinthemouseisengraftedwiththe 

PBMCsimmediatelyafterirradiatingthemouse.  

12. Themethodofanyoneofparagraphs6-10,whereinthemouseisengraftedwiththe 

PBMCs4-24hoursafterirradiatingthemouse.  

5 13. Themethodofanyoneofparagraphs1-10,whereinthemouseisengraftedwiththe 

PBMCsandadministeredthehumanCARimmunecellssimultaneously.  

14. Themethodofanyoneoftheprecedingparagraphswhereinthemouseis 

administeredtheCARimmunecell(e.g., TcellBcellNKcell)therapy6-12daysafter 

tumorcellengraftment.  

10 15. Themethodofanyoneoftheprecedingparagraphswhereinthemouseis 

administered1.O-5.0x106humanCARimmunecells.  

16. ThemethodofanyoneoftheprecedingparagraphswhereinthePBMCsandthe 

humanCARimmunecellsarefromdifferentdonorsubjects.  

17. Themethodofanyoneofparagraphs1-15,whereinthePBMCsandthehumanCAR 

15 immunecellsarefromthesamedonorsubject.  

18. Themethodofparagraph17,whereinthetumorcellsthePBMCsandthehuman 

CARimmunecellsarefromthesamedonorsubject.  

19. Themethodofanyoneoftheprecedingparagraphsfurthercomprisingadministering 

tothemouseacandidateagenteffectivefortreatmentofcytokinereleasesyndrome(CRS) 

20 andthenassayingthemouseforinductionofCRSandefficacyofthehumanCARimmune 

20. Themethodofparagraph19,whereinthecandidateagenteffectivefortreatmentof 

CRSisadministeredimmediatelyto12daysafterthehumanCARimmunecellsare 

administered.  

25 21. Themethodofparagraph20,whereinthecandidateagenteffectivefortreatmentof 

CRSisadministered5-9daysafterthehumanCARimmunecellsareadministered.  

22. Themethodofparagraph20,whereinthecandidateagenteffectivefortreatmentof 

CRSisadministered1-3daysbeforethehumanCARimmunecellsareadministered.  

23. Themethodofanyoneofparagraphs20-22,whereinthecandidateagentisselected 

30 fromthegroupconsistingof:JL-6antagonistsanti-JL-6antibodiescorticosteroids S 

TNF-adrugsIL-iRinhibitorsGM-CSFinhibitorsandsmallmoleculeinhibitors.  

24. Themethodofparagraph23,whereintheJL-6antagonististocilizumab.  

25. ThemethodofanyoneoftheprecedingparagraphswhereinthetumorcellsPBMCs 

andhumanCARimmunecellsareadministeredtothemouseviatailveininjection.  

cellfortreatingthetumorcells.
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26. Themethodofanyoneofparagraphs6-25,whereinthemouseisirradiatedwith100

1300cGy.  

27. Themethodofanyoneoftheprecedingparagraphswhereinthemouseisanon

obesediabetic(NOD)mouse.  

5 28. Themethodofanyoneoftheprecedingparagraphswhereinthemousecomprisesa 

nullmutationinaPrkdcgeneandanullmutationinanJl2rggene.  

29. Themethodofparagraph28,whereinthemousehasaNOD-Cg.  

PrkdcscidlL2rgtm1wJl/SzJgenotype.  

30. Themethodofparagraph28or29,whereinthemouselacksfunctionalmajor 

10 histocompatibilitycomplexI(MHCI)andmajorhistocompatibilitycomplexII(MHCII).  

31. Themethodofparagraph30,whereinthemousecomprisesanullH2-Ab1gene.  

32. Themethodofparagraph30or31,whereinthemousecomprisesanullMHCClassI 

H2-K1gene.  

33. Themethodofanyoneofparagraphs30-32,whereinthemousecomprisesanull 

15 MHCClassIH2-D1gene.  

34. Themethodofparagraph33,whereinthemouseisaNOD.Cg-PrkdcscidH2

KltmlBpeH2-AblemiMvwH2-DltmlBpeJl2rgtmlWjl/SzJmouse(NSG-(KbDb)null 

(JAnull)mouse).  

35. Themethodofanyoneoftheprecedingparagraphswhereinassayingthemousefor 

20 inductionofCRScomprisesmeasuringacirculatinglevelofacytokineselectedfromthe 

protein1(MCP-1),granulocyte-macrophagecolony-stimulatingfactor(GM-CSF),tumor 

necrosisfactor(TNF),IL-1,JL-2,JL-2-receptoralpha(JL-2Ra),JL-8,JL-4,IL-18,and 

macrophageinflammatoryprotein(MW)4.  

25 36. Themethodofparagraph31,furthercomprisingdeterminingthatthelikelihoodof 

CRSinductionishighwhew 

ahumanJFN-ylevelinthemouseis>1,800pg/ml±10%; 

ahumanIL-lOlevelinthemouseis>120pg/ml±10%; 

ahumanJL-6levelinthemouseis>25pg/ml±10%; 

30 ahumanJL-2levelinthemouseis>80pg/ml±10%; 

ahumanJL-4levelinthemouseis>120pg/ml±10%; 

ahumanTNFilevelinthemouseis>120pg/ml-F10%; 

ahumanIL-Slevelinthemouseis>15pg/ml±10%; 

ahumanMCP-1levelinthemouseis>120pg/ml±10%and/or 

groupconsistingof:interleukin(JL)-6,ILlOinterferon(JFN)-ymonocytechemoattractant
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ahumanGM-CSFlevelinthemouseis>600pg/mi±10%.  

37. Themethodofanyoneoftheprecedingparagraphsfurthercomprisingassayingthe 

mouseformacrophageactivationsyndrome(MAS).  

38. Themethodofparagraph37,whereinthelikelihoodofMASisdeterminedby 

5 measuringthecirculatinglevelsofJL-6,IL-1, and/orJFN-y.  

39. Themethodofanyoneoftheprecedingparagraphsfurthercomprisingassayingthe 

mouseforneurotoxicity.  

3640 Themethodofparagraph39,whereinthelikelihoodofneurotoxicityisdetemiinedby 

measuringthecirculatinglevelsofJFN-yJL-6and/orTNF-ct.  

10 41. Themethodofanyoneoftheprecedingparagraphsfurthercomprisingperforminga 

serumbiochemicalanalysisofliver-kidneyfunction.  

42. Themethodofparagraph41,whereintheserumbiochemicalanalysiscomprises 

measuringthelevelsofatleastoneofthefollowingmarkers:aspartatetransaminase(AST), 

albumintotalbilirubincreatinineorbloodureanitrogen.  

15 43. Themethodofanyoneofparagraphs19-42,furthercomprisingdeterminingwhether 

thecandidateagenteffectivefortreatmentofCR5reducesthelevelofoneormore 

circulatingcytokines.  

44. Themethodofparagraph43,comprisingdeterminingthatthecandidateagent 

effectivefortreatmentofCR5doesreducethelevelofoneormorecirculatingcytokines 

20 whenthecirculatingleveloftheoneormorecytokinesisreduced30-100%inamouse 

candidateagentrelativetoamouseadministeredthehumanCARimmunecell(e.g., Tcell, 

BcellNKcell)therapywithoutthecandidateagent.  

45. Themethodofanyoneoftheprecedingparagraphswhereinassayingthemousefor 

25 efficacyofthehumanCARimmunecellsfortreatingthetumorcellscomprisesmeasuring 

thegrowthofthetumorcells.  

46. Themethodofparagraph45,whereinthegrowthofthetumorcellsismeasuredover 
S 

time.  

47. Themethodofparagraph45or46,whereinareductionintumorvolumeof20%or 

30 morerelativetoacontrolmousethatwasnotadministeredthehumanCARimmunecell 

(e.g., TcellBcellNKcell)therapyisindicativeofefficacy.  

48. Themethodofparagraph45orparagraph46,whereinareductionintumorburdenof 

20%ormorerelativetoacontrolmousethatwasnotadministeredthehumanCARimmune 

cell(e.g., TcellBcellNKcell)therapyisindicativeofefficacy.  

administeredthehumanCARimmunecell(e.g., TcellBcellNKcell)therapyandthe
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49. Themethodofanyoneofparagraphs45-48,whereinthegrowthofthetumorcellsis 

usedtodetermineprogression-freesurvivaltumorvolumedoublingtimerelativetumor 

volumetumorgrowthinhibitionortumorgrowthrate.  

50. ThemethodofanyoneoftheprecedingparagraphswhereinthehumanCAR 

5 immunecellsareuniversalallogeneichumanCARimmunecells.  

51. Amethodcomprising: 

irradiatinganimmunodeficientmouse 

engraftingthemousewithtumorcells 

engraftingthemousewithhumanperipheralbloodmononuclearcells(PBMCs); 

10 administeringtothemouseuniversalallogeneichumanimmunecellsengineeredto 

expressachimericantigenreceptor(CAR)thatspecificallytargetsacellsurfaceantigenon 

tumorcells(universalallogeneichumanCARimmunecells)~and 

assayingthemouseforinductionofcytokinereleasesyndrome(CRS)and/orefficacyofthe 

universalallogeneichumanCARimmunecellsfortreatingthetumorcells.  

15 52. Themethodofanyoneoftheprecedingparagraphswhereinthehumanimmunecells 

areselectedfromthegroupconsistingof:TcellsnaturalkillercellsBcellsmonocytes 

dendriticcellsandneutrophils.  

53. Themethodofparagraph52,whereinthehumanimmunecellscompriseatleasttwo 

ofthefollowing:TcellsnaturalkillercellsBcellsmonocytesdendriticcellsand 

EXAMPLES 

Example 

TheeffectsofirradiationoncytokinereleasefollowingCART19treatmentwere 

25 examined.Six-toseven-week-oldfemaleMHCclassI/IlKONSGTMmicereceivedlOOcGy 

irradiation.ThenunirradiatedandirradiatedMHCclassJillKONSG T M wereengraftedwith 
S.  

anIVinjectionofRajiLuc0.25x10 6 /mouseatleastfourhoursafterirradiation.RajiLuc 

tumorgrowthwasmonitoredbyinvivoBioluminescenceImaging(BLI).Nexttheirradiated 

miceandunirradiatedmicereceived10x10 6 CD19CARTor10x10 6 MockTCART.The 

30 micewerefoundtohaveasimilartumorburden.Micewerebled2daysafterCART 

treatmentandcirculatingcytokineconcentrationsweremeasuredbytheBDcytometricbead 

array(CBA)Thl/Th2IIkit.Dailybodyweightandclinicalobservationsweretakenafterthe 

CARTtreatment.WhiletherewasnosignificantdifferenceinCARTefficacyirradiated 

miceweremoresensitivetoCARTinducedcytokinerelease.Thisdatademonstrated 

20 neutrophils.
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irradiatedMHCclassI/IlKONSGTMmicehadincreasedcytokinereleasecomparedto 

controlunirradiatedmiceafterCART19treatment(FIGs.lA-iB).  

Example 

5 TheeffectsofCD22CARTcelltherapyonmicewithlowtumorburdenwere 

examined.lirradiatedDKONSG T M andNSGT M micewereengraftedwithO.25x10 6 RajiLuc 

cells(day0,DO),followedby3x10 6 CD22CARTtreatmentatD6.AsshowninFIG.2A, 

CD22CARThassimilarefficacyinbothDKOmiceandNSG T M miceasdemonstratedby 

aninvitoBioluminescenceImaging(BLI)plotgeneratedusingaverageradianceto 

10 quantitativelymeasuretumorburden.BothDKOandNSGTMmicewerefoundtohavevery 

lowamountsofcytokinereleaseuponCARTtreatment.Micewerebled2daysafterCART 

treatmentandcirculatingcytokineconcentrationsweremeasuredbytheBDCBAThl/Th2II 

kit(FIG.2B).ThisdatademonstratedthatCD22CARTtreatmentonmicewithlowtumor 

burdenhasgoodefficacyandinduceverylowlevelsofhumancytokine(FIGs.2A-2B).  

15 

Example 

TheeffectofCD19CARTcelltherapyonmicewithhightumorburdenswas 

examined.lirradiatedDKONSG T M wereengraftedwithO.25x10 6 RajiLuccells(DO), 

followedbySx106CD19CARTor5x106MockTtreatmentatD9oratD11. Miceserawere 

20 collected2daysfollowingCART/MockTtreatment.RajiLuctumorgrowthwasmonitored 

increasedhumancytokines(JNF-yTNFci~,ILlO,1L6,and1L4)comparedtomicewith 

relativelylowtumorburdenafterCD19CARTtreatment(FIG.3A).CD19CARTtreatment 

onDKOmicewithlowRaji-Luctumorburdensignificantlyinhibitedtumorgrowthand 

25 preventedmicebodyweight , CD19CARTtreatmentonDKOmicewithhightumor 

burdenresultinpoorefficacy(FIG.3B).BothCARTtreatedgroupspreventedmicebody 

weightlosscomparedtoPBStreatedgroup.Therewere5micepergroupandthedataare 

presentedasmean±SEMThisdatademonstratedthatCD19CARTtreatmentonmicewith 

highertumorburdenhaspoorefficacyandhighCRSinduction(FIGs.3A-3B).  

30 

Example 

Atimecourseofcytokinereleasefrommoderatetumorburdenfollowingautologous 

PBMC/CD19CARTtreatmentwasundertaken.NSGTMmicewereengraftedwithanIV 

byInVivoBioluminescenceImaging(BLI).Micewithhighertumorburden(Dl1)had
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injectionofO.5x10 6 /mouseafterirradiation(DO).RajiLuctumorgrowthwasmonitoredby 

InVivoBioluminescenceImaging(BLI).Miceweretreatedintravenouslybeginningonday9 

withPBSorSx106 CD19CART,15x10 6 PBMCorSx106 CD19CARTplus15x10 6 

PBMC.CD19CARTandthePBMCswerederivedfromthesamedonor.Miceserawere 

5 collectedwereatdifferentdays(D1, D2,D3)followingCART/PBMCtreatment.Circulating 

cytokineconcentrationsweremeasuredbytheBDCBAThl/Th2IIkit.CD19CARTbatch 

1andPBMCwerefromthesamedonor.Therewere4micepergroupandthedataare 

presentedasmean±SEM.PBMC/CARTco-treatedmicehadincreasedhumanJFN-yTNF 

and1L6comparedtomicereceivingCD19CARTalone(FIG.4).Thisdatademonstrated 

10 thatCARTcelltherapyinducedhigherlevelsofhumancytokinesinthePBMChumanized 

micecomparedtothecontrolmicethatdidnotreceivePBMCs.  

Example 

TheeffectsofautologousCD22CARTtreatmentonPBMChumanizedDKOmice 

15 ontumorprogressionandcytokinelevelswasexamined.CD22CARTandPBMCwere 

derivedfromthesamedonor.MHCclassJillKONSGmicewereengraftedwithanIV 

injectionofO.5x10 6 /mouseafterirradiation(DO).RajiLuctumorgrowthwasmonitoredby 

InVivoBioluminescenceImaging(BLI).TwodaysafterRajiLucengraftmentmicewere 

eitherreceived15MPBMC.SixdaysafterRajiLucengraftmentmicereceived:1)PBS~2) 

20 5x106 CD19CART~or3)5x10 6 MockT.Micewerebled2daysafterCART/Mock 

kit.DailybodyweightandclinicalobservationwereperformedafterCARTtreatment.As 

showinthetopportionofFIG.SAinvivoBioluminescenceImaging(BLI)wasplotted 

usingaverageradiancetoquantitativelymeasuretumorburden.ThebottomportionofFIG.  

25 5Aprovidesdorsal(D)andventral(V)imagesforeachmouse.Therewere4-5miceper 

groupanddataarepresentedasmean±SEM.CARTefficacywasdeterminedoverthatseen 

withthePBSormockCARTtreatment.AutologousCD22CARTtreatmentwithPBMC 

humanizationinducedhigherhumancytokines((INF-yTNFczILlO,1L6,1L4and1L2) 

comparedtoMockTtreatmentonPBMChumanizedmice(FIG.5B).Thisdatademonstrates 

30 thatautologousCD22CARTtreatmentonPBMChumanizedDKOmiceblocked S.  

tumorprogressionandinducedhigherhumancytokinescomparedtoMockTtreatment 

(FIGs.SA-SB).ThereforeaCARTcelldrugdoserangemaybeusedinsomeinstancesto 

determineanefficaciousdosewithlesscytokineinductionandtoxicity.Furtherthedata 

treatmentandcirculatingcytokineconcentrationsweremeasuredbytheBDCBAThl/Th2II
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demonstratesthatonemaypredicttoxicityonanindividualinsomeinstancespriortothe 

treatmentsothatthesubjectcanbepretreatedwithadrugtoreducecytokineinduction.  

Example 

5 ThePBMChumanizedDKOmicemodelwasusedtoexamineefficacyandcytokine 

release.PBMChumanizedmiceorcontrol(noPBMC)miceweretreatedIVwithPBSor5 

x106 CD19CARTcellsor5x10 6 MockTcells6daysafterRajiLuc(O.2SxlO 6 permouse).  

TheCD19CARTcellsandPBMCswerederivedfromthesamedonor.Serawerecollected 

2daysafterCART/PBMCtreatmentandcytokinelevel(DS)wereanalyzedbytheBDCBA 

10 Thl/Th2IIkit.Therewere5micepergroupandthedataarepresentedasmean±SEM.  

IncreasedcytokinereleasefrommoderatetumorburdenmicefollowingCD19CART/PBMC 

treatmentcomparedtomicereceivingCD19CARTwithoutPBMChumanizationasshown 

inFIG.6A.FIG.6BshowsinvivoBioluminescenceImaging(BLI)plottedusingaverage 

radiancetoquantitativelymeasuretumorburden.CARTefficacywasseenwithandwithout 

15 PBMChumanizationbutacompleteresponsewasevidentwithPBMChumanizationatday 

12.Thebioluminescenceimagesofthesemiceatdifferentexperimentdaysareshownin 

FIG.6C.Allmicewereimagedwithidenticalcamerasettings.Dorsal(D)andventral(V) 

imagesareshownforeach.Therewere5micepergroupanddataarepresentedasmean± 

SEM.ThisdatademonstratesthatPBMChumanizedDKOmicemodelprovideaunique 

Example 

Efficacyandcytokinereleasefrommoderatetumorburdenfollowingautologous 

PBMC/CD19CARTtreatmentwereexamined.DKONSGTMmicewereengraftedwithan 

25 intravenousinjectionof0.25x10 6 /mouseafterirradiation(DO). *6 

RajiThuctumorgrowthwas 
monitoredbyinvitoBioluminescenceImaging(BLI).Miceweretreatedintravenously 

beginningondaySwithPBSor15x10 6 PBMCor1x10 6 CD19CARTplus15x10 6 PBMC 

3x106 CD19CARTplus15x10 6 PBMCor5x106 CD19CARTplus15x10 6 PBMC.CD19 

CARTandthePBMCswerederivedfromthesamedononMiceserawerecollected2days 

30 followingCART/PBMCtreatment.Circulatingcytokineconcentrationsweremeasuredby 

theBDCBAThl/Th2IIkit.Therewere5micepergroupandthedataarepresentedasmean 

-F5EMinFIGs.7A-7B.PBMC/CARTco-treatedmicewerefoundtohavedose-dependent 

increasedlevelsofhumanJFN-y(FIG.7B).ThehighCARTdosehadimprovedefficacy 

20 platformtoevaluatebothefficacy(imaging)andcytokinerelease(FIGs.6A-6C).
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(tumorburden)comparedtolowerCARTdosetreatments(FIG.7Aleftgraph),whileboth 

CARTdoseswereobservedtorescuemicebodyweightlossduetoRajiLuctumorgrowth.  

(FIG.7Arightgraph).ThisdatademonstratedthatCARTcelltherapyinducedhigherlevels 

ofhumancytokinesinthePBMChumanizedmiceinadose-dependentmanner.  

5 

Example 

TheeffectsofCARTcelltherapyonhumancytokineslevelsinPBMChumanized 

micecomparedtothecontrolmicethatdidnotreceivePBMCsfollowingautologous 

PBMC/CD19CARTtreatmentwereexamined.CD19CARTcellsweregeneratedusinga 

10 newCD19CARconstructandanewPBMCdonor(donor9534).DKONSG T M micewere 

engraftedwithanintravenousinjectionofO.25x10 6 /mouseafterirradiation(DO).RajiLuc 

tumorgrowthwasmonitoredbyinvivoBioluminescenceImaging(BLI).Miceweretreated 

intravenouslybeginningonday8withPBSor15x10 6 PBMCor5x10 6 CD19CARTalone 

or5x106CD19CARTplus15x106PBMC.CD19CARTandthePBMCswerederived 

15 fromthesamedonor.Miceserawerecollected2daysfollowingCART/PBMCtreatment.  

CirculatingcytokineconcentrationsweremeasuredbytheBDCBAThl/Th2IIkit.There 

were5micepergroupandthedataarepresentedasmean±SEM.PBMC/CARTco-treated 

miceandCARTalonetreatedmicehaddecreasedtumorburden(FIG.8A)anddidnotlose 

significantbodyweight(FIG.8B).MoreoverPBMC/CARTco-treatedmicehadhighlevels 

Example 

TheefficacyofallogeneicCD19CARTtreatmentfromdifferentPBMChumanized 

micewith S.  

RajiLuctumorwasexamined.AllogeneicCD19CARTcellsweregenerated 
25 usingamodifiedCD19CARconstructandanewPBMCdonor.DKONSG T M micewere 

engraftedwithanintravenousinjectionofO.25x10 6 /mouseafterirradiation(DO).RajiLuc 

tumorgrowthwasmonitoredbyinvivoBioluminescenceImaging(BLI).Miceweretreated 

intravenouslybeginningonday8withPBSor15x10 6 PBMCor5x10 6 CD19CARTalone 

or5x106 CD19CARTplus15x10 6 PBMC.Twodifferentdonors'PBMCs(PBMC8058or 

30 PBMC9601)wereusedforthehumanization.AllogeneicCARTshowedsomelevelof 

efficacythroughtumorburdenimaging(FIG.9A)andflowanalysisCD3-CD19+cell 

population(FIG.9B).AllogeneicCD19CARTtreatmentblockedbodyweightlossinduced 
*6 

byRaji-Luctumordevelopment(FIG.9C).  

20 ofhumanJFNandTNFreleasecomparedtomicetreatedwithCARTalone(FIG.SC).



WO2022/066894 PCT/IJS2021/051734 

49 

Example10 

ThevariationofcytokinereleasefromdifferentPBMChumanizedmicewith 

RajiLuctumorfollowingallogeneicCD19CARTtreatmentwasexamined.Newallogeneic 

CD19CARTcellsweregeneratedusinganewCD19CARconstructandanewPBMC 

5 donor.DKONSGTMmicewereengraftedwithanintravenousinjectionofO.25x10 6 /mouse 

afterirradiation(DO).RajiLuctumorgrowthwasmonitoredbyInVivoBioluminescence 

Imaging(BLI).Miceweretreatedintravenouslybeginningonday8withPBSor15x10 6 

PBMCor5x10 6 CD19CARTaloneor5x10 6 CD19CARTplus15x10 6 PBMC.Two 

differentPBMCdonors(PBMC8058orPBMC960)1wereusedforthehumanization.Mice 

10 serawerecollectedatdifferentdays(D2,D3)followingCART/PBMCtreatment.  

CirculatingcytokineconcentrationsweremeasuredbytheBDCBAThl/Th2IIkit.Mice 

withCD19CART/PBMC9601treatmenthadhigherlevelsofILlOand1L6releasecompared 

tomicetreatedwithCD19CART/PBMC8508(FIGs.1OA-1OC),demonstratingadonor

specificdoseresponse.  

15 

Example11 

ThevariationofcytokinereleaseandtoxicityfromdifferentPBMChumanizedmice 

followingautologousCD19CARTtreatmentwasexamined.AutologousCD19CARTcells 

weregeneratedusinganewCD19CARconstruct(usedinExample8)fromeitherPBMC 

20 donor9534orPBMCdonor9531. DKONSGTMmicewereengraftedwithanintravenous 

6 beginningonday6withPBSor5x10 6 MockTo , r5xlOautologousCD19CART.Mice 

serawerecollectedatdifferentdaysfollowingCART/PBMCtreatment(FIG.hA).  

CirculatingcytokineconcentrationsweremeasuredbytheBDCBAThl/Th2IIkit.Sixdays 

25 afterCARTtreatmentwholebloodandspleenwerecollectedfromallmiceforflowanalysis 

oftheCD3-CD19+population.BothautologousCD19CARTsamplesshowedgoodefficacy 

anddecreasedtheCD3-CD19+populationcomparedtothecorrespondingPBScontroland 

MockTtreatedmice(FIG.hiB).IncontrastthePBMC9534-humanizedmicehad 

significantbodyweightloss(FIG.hiC)andsignificantlyhigherlevelsofIL-10andJL-4 

30 comparedtothePBMC9531-humanizedmiceafterautologousCARTtreatment(FIG.liD), 

demonstratingadonor-specificresponse.  

injectionofPBMC15x10 6 /mouseafterirradiation(DO).Miceweretreatedintravenously
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Allreferencespatentsandpatentapplicationsdisclosedhereinareincorporatedby 

referencewithrespecttothesubjectmatterforwhicheachiscitedwhichinsomecasesmay 

encompasstheentiretyofthedocument.  

Theindefinitearticles"a,, and"anasusedhereininthespecificationandinthe 

5 claimsunlessclearlyindicatedtothecontraryshouldbeunderstoodtomeanatleastone.  

Itshouldalsobeunderstoodthatunlessclearlyindicatedtothecontraryinany 

methodsclaimedhereinthatincludemorethanonesteporacttheorderofthestepsoracts 

ofthemethodisnotnecessarilylimitedtotheorderinwhichthestepsoractsofthemethod 

arerecited.  

10 Intheclaimsaswellasinthespecificationabovealltransitionalphrasessuchas 

comprising,'' ''including, carrying,'' ''having, containing, involving,'' ''holding, 

composedof" andthelikearetobeunderstoodtobeopen-endedi.e.,tomeanincluding 

butnotlimitedto.Onlythetransitionalphrasesconsistingof'and"consistingessentiallyof' 

shallbeclosedorsemi-closedtransitionalphrasesrespectivelyassetforthintheUnited 

15 StatesPatentOfficeManualofPatentExaminingProceduresSection2111.03.  

Thetermsabout"and"substantially"precedinganumericalvaluemean±10%ofthe 

recitednumericalvalue.  

Wherearangeofvaluesisprovidedeachvaluebetweentheupperandlowerendsof 

therangearespecificallycontemplatedanddescribedherein.  

20
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Whatisclaimedis 

CLAIMS 

1. Amethodcomprising: 

administeringhumanimmunecellsandhumanperipheralbloodmononuclearcells 

5 (PBMCs)toanimmunodeficientmousewhereinthehumanimmunecellscomprisean 

engineeredreceptorthatspecificallybindstoacellsurfaceantigenonthediseasedhuman 

cellsandtheimmunodeficientmousehasbeenengraftedwithdiseasedhumancellsand 

assayingtheimmunodeficientmouseforsymptomsofcytokinereleasesyndrome 

(CRS)and/orefficacyofthehumanimmunecells.  

10 2. Themethodofclaim1furthercomprisingadministeringthediseasedhumancellsto 

animmunodeficientmouse.  

3. Themethodofanyoneoftheprecedingclaimswhereinthehumanimmunecellsare 

selectedfromTcellsBcellsnaturalkiller(NK)cellsmonocytesdendriticcellsand 

neutrophils.  

15 4. Themethodofclaim3,whereinthehumanimmunecellsaregenomically-modified 

immunecells.  

5. Themethodofanyoneoftheprecedingclaimswhereintheengineeredreceptorisa 

chimericantigenreceptor(CAR).  

20 CAR.  

7. Themethodofanyoneofclaims1-5,whereintheengineeredreceptorisaTcell 

receptor(TCR).  

8. Themethodofclaim7,whereinthehumanimmunecellisaTcellwithanengineered 

TCR.  

25 9. Themethodofanyoneofclaims4-8,whereinthehumanimmunecellsareregulatory 

Tcells(Tregs).  

10. Themethodofanyoneofclaims4-8,whereinthehumanimmunecellsaretumor

infiltratinglymphocytes(TILs).  

11. Themethodofanyoneoftheprecedingclaimswhereinthediseasedhumancellsare 

30 selectedfrombloodcellsmusclecellsandneuronalcells.  

6. Themethodofclaim5,whereinthehumanimmunecellisaTcellwithanengineered
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12. Themethodofanyoneoftheprecedingclaimswhereinthediseasedhumancellsare 

tumorcells.  

13. Themethodofclaim12,whereinthetumorcellsareprimarytumorcells.  

14. Themethodofanyoneoftheprecedingclaimswhereinthediseasedhumancellsare 

5 cancerouscells.  

15. Themethodofanyoneofclaims1- 13, whereinthediseasedhumancellsarenon

cancerouscells.  

16. ThemethodofanyoneoftheprecedingclaimswhereinthePBMCsandthehuman 

immunecellsareautologous.  

10 17. Themethodofanyoneoftheprecedingclaimswhereinthediseasedhumancellsthe 

PBMCsandthehumanimmunecellsareautologous.  

18. Themethodofanyoneofclaims1- 15, whereinthePBMCsandthehumanimmune 

cellsareallogeneic.  

19. Themethodofanyoneoftheprecedingclaimsfurthercomprisingirradiatingthe 

15 immunodeficientmousepriortoadministeringthehumanimmunecellsandthehuman 

PBMCstoanimmunodeficientmouse.  

20. Themethodofanyoneoftheprecedingclaimswhereinthehumanimmunecellsand 

thehumanPBMCsareadministeredsimultaneously.  

20 theimmunodeficientmouseacandidateagentfortreatingCRSpriortotheassaying.  

22. Themethodofanyoneoftheprecedingclaimswhereinthemouseisanon-obese 

diabetic(NOD)mouse.  

23. Themethodofanyoneoftheprecedingclaimswhereinthemousecomprisesanull 

mutationinaPrkdcgeneandanullmutationinanIl2rggene.  

25 24. Themethodofclaim23,whereinthemousehasaNOD~Cg.~PrkdcscidIL2rgtmlwfl/SzJ 

genotype.  

25. Themethodofanyoneoftheprecedingclaimswhereinthemouselacksfunctional 

majorhistocompatibilitycomplexI(MHCI)andmajorhistocompatibilitycomplexII(MHC 

II).  

21. Themethodofanyoneoftheprecedingclaimsfurthercomprisingadministeringto
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26. Themethodofanyoneoftheprecedingclaimswhereinthemousecomprisesanull 

H2-Ab]gene.  

27. Themethodofanyoneoftheprecedingclaimswhereinthemousecomprisesanull 

MHCClassIH2-K]gene.  

5 28. Themethodofanyoneoftheprecedingclaimswhereinthemousecomprisesanull 

MHCClassIH2-D]gene.  

29. Themethodofanyoneofclaims23-28,whereinthemouseisaNOD.Cg~PrkdcSCid 

H2~K]tm]BPeH2~AbYm]MvwH2~D]tm]BPeI12rgtm]wi~~SzJmouse(NSG~(KbDb)nul~(lAnull)mouse).  

30. Themethodofanyoneoftheprecedingclaimswhereintheassayingcomprises 

10 measuringacirculatinglevelofacytokineselectedfromthegroupconsistingof:interleukin 

(JL)-6,ILlOinterferon(JFN)-ymonocytechemoattractantprotein1(MCP-1),granulocyte

macrophagecolony-stimulatingfactor(GM-CSF),tumornecrosisfactor(TNF),IL-1, JL-2 

JL-2-receptoralpha(JL-2Rct),JL-8,JL-4,IL-18andmacrophageinflammatoryprotein(MIP) 

4.  

15 31. Themethodofclaim29,furthercomprisingdeterminingthatthelikelihoodofCRS 

inductionishighwhen: 

ahumanJFN-ylevelinthemouseis>1,800pg/ml±10%; 

ahumanIL-lOlevelinthemouseis>120pg/ml±10%; 

20 ahumanJL-2levelinthemouseis>80pg/ml±10%; 

ahumanJL-4levelinthemouseis>120pg/ml±10%, 

ahumanTNFilevelinthemouseis>120pg/ml-F10%; 

ahumanJL-8levelinthemouseis>15pg/ml±10%; 

ahumanMCP-1levelinthemouseis>120pg/ml±10%;and/or 

25 ahumanGM-CSFlevelinthemouseis>600pg/ml±10%.  

32. Themethodofanyoneoftheprecedingclaimsfurthercomprisingassayingthe 

mouseformacrophageactivationsyndrome(MAS).  

33. Themethodofclaim32,whereinthelikelihoodofMASisdetemiinedbymeasuring 

thecirculatinglevelsofJL-6,IL-1, and/orJFN-y.  

ahumanJL-6levelinthemouseis>25pg/ml±10%;
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34. Themethodofanyoneoftheprecedingclaimsfurthercomprisingassayingthe 

mouseforneurotoxicity.  

35. Themethodofclaim34,whereinthelikelihoodofneurotoxicityisdeterminedby 

measuringthecirculatinglevelsofJFN-yJL-6and/orTNF-ct.  

5 36. Themethodofanyoneoftheprecedingclaimsfurthercomprisingperforminga 

serumbiochemicalanalysisofliver-kidneyfunction.  

37. Themethodofclaim36,whereintheserumbiochemicalanalysiscomprises 

measuringthelevelsofatleastoneofthefollowingmarkers:aspartatetransaminase(AST), 

albumintotalbilirubincreatinineorbloodureanitrogen.  

10 38. Themethodofanyoneofclaims21-37,furthercomprisingdeterminingwhetherthe 

candidateagentreducesthelevelofoneormorecirculatingcytokines.  

39. Themethodofclaim38,comprisingdeterminingthatthecandidateagentdoesreduce 

thelevelofoneormorecirculatingcytokineswhenthecirculatingleveloftheoneormore 

cytokinesisreduced30-100%inamouseadministeredthehumanimmunecellsandthe 

15 candidateagentrelativetoamouseadministeredthehumanimmunecellswithoutthe 

candidateagent.  

40. Themethodofanyoneoftheprecedingclaimsthediseasedhumancellsarehuman 

tumorcellsandtheassayingcomprisesmeasuringgrowthofthehumantumorcells.  

20 overtime.  

42. Themethodofclaim40or41,whereinareductionintumorvolumeof20%ormore 

relativetoacontrolmousethatwasnotadministeredthehumanimmunecellsisindicativeof 

efficacy.  

43. Themethodofanyoneofclaims40-42,whereinareductionintumorburdenof20% 

25 ormorerelativetoacontrolmousethatwasnotadministeredthehumanimmunecellsis 

indicativeofefficacy.  

44. Themethodofanyoneofclaims40-43,whereinthegrowthofthehumantumorcells 

isusedtodetermineprogression-freesurvivaltumorvolumedoublingtimerelativetumor 

volumetumorgrowthinhibitionortumorgrowthrate.  

41. Themethodofclaim40,whereinthegrowthofthehumantumorcellsismeasured
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